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INTRODUCTION

This paper is taken, in part, from a more extensive report on the geology
of Marathon County by Paul Myers and me in preparation for the Wisconsin
Geological Survey. More details on the geology are presented in that paper.
The interpretations expressed here do not necessarily reflect those of the
Wisconsin Survey. They are based upon nine field seasons of mapping by me
and six by Myers, in addition to extensive reconnaissance mapping by Myers
in Eau Claire and Chippewa Counties.

I consider this field trip (and all others) to be a forum for discussion
on the geology of the area. This paper and stop descriptions are presented
as background material for the discussion. The trip is designed to show
representative examples of the geology of Marathon County, particularly those
exposures that bear on the structural and tectonic setting. Some of the
exposures visited present problems and elicit questions regarding the tectonic
setting. These problems and questions probably will not be fully answered;
however, I hope the trip stimulates others to ponder these questions, and to
propose alternate solutions.

ACKNOWLEDGEMENTS

This paper is based on field mapping by Paul Myers and me that has been
funded by the Wisconsin Geological Survey since 1969. Their continued support
is greatly appreciated. Some of the ideas expressed herein are the outgrowth
of numerous discussions with Paul Myers during the course of the project and
are hereby acknowledged.

Review coments by Mike Mudrey on this and an earlier version of the
manuscript have been most helpful. Paul Myers also reviewed the manuscript
and offered helpful suggestions. Their assistance is acknowledged with
gratitude.

GENERAL GEOLOGY

Marathon County is situated near the southern margin of the exposed
Precambrian Shield. Its regional setting in the Precambrian of Wisconsin is
shown in Figure 1. The bedrock is predominantly Precambrian igneous and
metamorphic rocks with a few scattered outliers of Paleozoic sandstone that
unconformably overlie the Precambrian rocks (Figure 2). Early Precambrian(?)
gneisses and Middle Precambrian (± 1900 m.y.) volcanic rocks are intruded
by numerous syn— to post—tectonic Middle Precambrian (+ 1850 m,y.) (Van Schmus,
1976) plutons ranging in composition from quartz diorite to granite. The
volcanic rocks range in composition from basalt to rhyolite and occur as
isolated pendants and blocks in th plutonic rocks. Stratigraphic and
structural relationships of the volcanic rocks within individual blocks and
correlation between blocks is uncertain because of lack of exposures and
deformation.

Eastern Marathon County is underlain by the Wolf River batholith, a
large anorogenic pluton of Late Precambrian (1500 m.y.) age (Van Schmus and
others, 1975). The circular Wausau and Stettin syenite bodies west of Wausau
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GENERAL GEOLOGY 

Marathon County i s  s i t u a t e d  near t h e  southern margin o f  the exposed 
Precambrian  shield^ I t s  reg iona l  s e t t i n g  i n  t h e  Precambrian o f  Wisconsin i s  
shown i n  F igure la The bedrock i s  predominant ly Precambrian igneous and 
metamorphic rocks w i t h  a few scat te red  o u t l i e r s  o f  Paleozoic sandstone t h a t  
unconfomably o v e r l i e  the  Precambrian rocks (F igure  2 ) .  Ea r l y  Precambrian(?) 
gneisses and Middle Precambrian ( t  1900 may.)  vo l can i c  rocks a r e  in t ruded 
by numerous syn- t o  post-tectonic-Middle Precambrian ( t  1850 m.y . )  (Van Schmus, 
1976) p lu tons  ranging i n  composit ion from quartz  d i o r i F e  t o  g ran i te .  The 
vo lcan ic  rocks range i n  composit ion from b a s a l t  t o  r h y o l i t e  and occur as 
i s o l a t e d  pendants and b locks i n  t h e  p l u t o n i c  rocks. S t r a t i g r a p h i c  and 
s t r u c t u r a l  r e l a t i o n s h i p s  o f  t h e  vo lcan ic  rocks w i t h i n  i n d i v i d u a l  blocks and 
c o r r e l a t i o n  between b locks i s  uncer ta in  because o f  l a c k  o f  exposures and 
deformation. 

Eastern Marathon County i s  under la in  by t h e  Wolf R iver  b a t h o l i t h ,  a 
l a r g e  anorogenic p lu ton  o f  Late Precambrian (1500 m.y.1 age (Van Schmus and 
others,  1975). The c i r c u l a r  Wausau and S t e t t i n  syen i te  bodies west o f  Wausau 
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are probably related to the Wolf River batholith (Myers, 1976). Several
small quartz monzonite porphyry plugs and diabase dikes are also of Late
Precambrian age.

Several large northeast and northwest zones of cataclasis dominate the
structural geology (Figure 2). Major shear zones and spatially related
ultramafic bodies separate gneissic rocks from the greenschist facies Middle
Precambrian volcanic—plutonic complex. Similar cataclastic zones within the
Middle Precambrian complex have the same orientation as the major boundary
fault zones. Field relationships suggest a long history of shearing before,
during and after emplacement of the plutonic rocks.

Three ages of glacial drift were recognized by LaBerge (1971). Mickelson
and others (1974) confirmed the existence of the three drifts and showed that
they range in age from pre-Wisconsin to late Woodfordian. Figure 3 summarizes
the geological events recognized in and adjacent to Marathon County.

EARLY(?) PRECAMBRIAN

Gneisses and Schists. Medium— to coarse—grained quartzofeldspathic
biotite- and hornblende-bearing gneisses, schists and migmatites underlie
northwestern Marathon County and occur as isolated blocks along the southern
edge of the county. The gneissic rocks are poorly exposed and consist mainly
of large frost—heaved blocks and widely scattered outcrops. The gneisses
range in composition from granite to quartz diorite and have a conspicuous
foliation and lineation. Biotite or hornblende or both comprise 15—40 percent
of the rock and some phases are garnetiferous. The comon occurrence of
hornblende, and locally garnet, suggests that they have been metamorphosed
to amphibolite facies.

Reconnaissance geologic mapping to the west and north of Marathon County
suggests that the gneisses are part of a high—grade metamorphic terrane that
extends at least 60 miles to the west. Gneissic rocks extend in a northeasterly
direction along the northern part of Marathon County at least to Prairie Dells
in Lincoln County (about 13 km northeast of Merrill). The gneisses closely
resemble those of the "Chippewa Miphibolite Complex" described by Myers (1974,
and this conference) from exposures along the Chippewa and Eau Claire Rivers.
Known exposures of Precambrian rocks between Marathon and Chippewa and
Eau Claire Counties are dominantly high—grade metamorphic rocks. The
gneissic rocks have a distinctive aeromagnetic pattern of gently curving
anomalies, compared with a blotchy pattern of magnetic highs and lows in the
remainder of Marathon County (Figure 9). The Bouguer Anomaly Gravity Map of
Ervin and Haniiier (1974) shows the gneisses as a distinct area of zero to
minus 40 milligals, compared with minus 40 to minus 90 milligals in the
remainder of Marathon County. Therefore, the known geology, aeromagnetics
and gravity all suggest that the gneisses in Marathon County are part of a
large "block" as shown on Figure 1

Gneissic rocks in and on the periphery of Marathon County are strongly
lineated, with mineral lineations and fold axes plunging 20°-60 west in the
plane of the foliation (Figure 8). For example, lineations and fold axes
along the Rib River near Goodrich (in Taylor Co.) plunge 30°—40 west; fold
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are probably related t o  the Wolf River batholi th (Myers, 1976). Several 
small quartz monzonite porphyry plugs and diabase dikes a re  a l so  of Late 
Precambrian age. 

Several large northeast and northwest zones of ca tac las i s  dominate the 
structural  geology (Figure 2 ) .  Major shear zones and spa t i a l l y  re la ted 
ul tramafic bodies separate gneissic rocks from the  greenschist facies  Middle 
Precambrian volcanic-plutonic complex. Similar ca t ac l a s t i c  zones within the 
Middle Precambrian complex have the same or ientat ion as the major boundary 
f a u l t  zones. Field relat ionships suggest a long history of shearing before, 
during and a f t e r  emplacement of the plutonic rocks. 

Three ages of glacial  d r i f t  were recognized by LaBerge (1971). Mickelson 
and others (1974) confirmed the existence of the three d r i f t s  and showed tha t  
they range in age from pre-Wisconsin t o  l a t e  Woodfordian. Figure 3 summarizes 
the geological events recognized in and adjacent t o  Marathon County. 

EARLY ( ? )  PRECAMBRIAN 

Gneisses and Schists .  Medium- t o  coarse-grained quartzofeldspathic 
b io t i t e -  and hornblende-bearing gneisses, sch is t s  and migmatites underlie 
northwestern Marathon County and occur as isolated blocks along the southern 
edge of the county. The gneissic rocks are poorly exposed and consis t  mainly 
of large frost-heaved blocks and widely scattered outcrops. The gneisses 
range i n  composition from grani te  t o  quartz d io r i t e  and have a conspicuous 
fo l ia t ion  and l ineat ion.  Biot i te  o r  hornblende o r  both comprise 15-40 percent 
of the rock and some phases are garnetiferous. The common occurrence of 
hornblende, and local ly  garnet, suggests t h a t  they have been metamorphosed 
to  amphiboli te facies .  

Reconnaissance geologic mapping to  the west and north of Marathon County 
suggests t ha t  the gneisses a re  par t  of a high-grade metamorphic terrane t h a t  
extends a t  l e a s t  60 miles t o  the west. Gneissic rocks extend in a northeasterly 
direction along the northern par t  of Marathon County a t  l e a s t  t o  Pra i r ie  Dells 
in Lincoln County (about 13 km northeast of H e r r i l l ) .  The gneisses closely 
resemble those of the "Chippewa Anphi bol i t e  Complex" described by Myers ( 1  974, 
and th i s  conference) from exposures along the Chippewa and Eau Claire Rivers. 
Known exposures of Precambrian rocks between Marathon' and Chippewa and 
Eau Claire Counties a re  dominantly high-grade metamorphic rocks. The 
gneissic rocks have a d i s t inc t ive  aeromagnetic pattern of gently curving 
anomalies, compared w i t h  a blotchy pattern of magnetic highs and lows in the  
remainder of Marathon County (Figure 9 ) .  The Bouguer Anomaly Gravity Map of 
Ervin and Hammer (1974) shows the  gneisses as a d i s t i n c t  area of zero t o  
minus 40 mi l l iga l s ,  compared with minus 40 to  minus  90 mil l igals  in the  
remainder of Marathon County. Therefore, the  known geology, aeromagnetics 
and gravity a l l  suggest tha t  the gneisses in Marathon County a re  part  of a 
large "block" as shown on Figure 1 .  

Gneissic rocks in and  on the periphery of Marathon County a re  strongly 
1 ineated, with mineral l ineations and fold axes plunging 200-600 west in the 
plane of the fo l ia t ion  (Figure 8 ) .  For example, l ineat ions  and fold axes 
along the Rib  River near Goodrich ( i n  Taylor Co.) plunge 300-400 west; fold 
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axes in gneisses near Marshfield plunge about 200 west; strong mineral lineation
in amphibolites along the Little Eau Claire River in southeastern Marathon
County plunge 600 southwest; fold axes in migmatitic gneisses at Greenwood (in
Clark Co.) plunge 36° west; and fold axes at Neillsville (in Clark Co.) plunge
70° west.

No published radiometric ages are available from the gneisses in Marathon
County, and therefore their age is uncertain. However, Van Schmus and
Anderson (1977) reported an age of more than 2800 m.y. for migmatitie gneisses
at Pittsville (25 km south of Marathon County). Structural studies of
gneisses at several localities in central Wisconsin, and radiometric dating
led Maass and Medaris (1977) to conclude that the gneisses in central Wisconsin
are mainly of Middle Precambrian age. Myers (1978, and this conference) showed
that amphibolites and gneisses in Eau Claire and Chippewa Counties had undergone
two periods of metamorphism and deformation prior to being included in 1850 m.y.
old piutons. Thus, there appears to be more than one age of gneissic rocks
in the region. This point will be discussed further under the section on
structure.

MIDDLE PRECAMBRIAN

METAVOLCAN IC ROCKS

Volcanic rocks occur as xenoliths, screens and pendants in intrusive rocks
and as relatively continuous areas in northern and eastern Marathon County.
They range in composition from basalt to rhyolite and exhibit a wide variety
of textures and primary structures, including pillow lavas, massive flows,
flow breccias, welded tuffs, tuffs and volcanogenic sediments. The rocks
have undergone little metamorphism except near larger plutons, and consequently,
primary textures and structures are well preserved where the rocks are not
highly deformed. The volcanic sequence has been extensively disrupted by
faulting and intrusion, forming isolated blocks surrounded by plutonic rocks.
This, coupled with the generally poor exposure, precludes establishing the
original volcanic stratigraphy. U/Pb age determinations on zircons in rhyolite
on the east edge of Wausau indicate that volcanic rocks in this area are 1900 m.y.
old (Van Schmus, 1975).

Mafic and Intermediate Metavolcanic Rocks. Basaltic rocks, including
tuffs and pillowed and massive flows, are exposed in several large areas in
eastern, northern and southern Marathon County, and in a number of smaller
roof pendants within plutons. Pillow lavas are relatively widespread and
indicate that many of the basalts are the result of subaqueous eruptions.
Although pillow lavas are widespread, most outcrops are frost-heaved and
therefore cannot be used for top determinations. Porphyritic and amygdaloidal
basalts are also coriinon in the sequence. The basalts have been converted to
chlorite—rich schists along zones of intense deformation.

In thin section the undeformed rocks consist of randomly oriented epidote,
actinolite, chlorite, sodic plagioclase and quartz, indicating greenschist
facies metamorphism. Primary textures, including a fine felty groundmass with
porphyritic or glomeroporphyritic or amygdaloidal textures, are preserved in
places. Adjacent to larger granitic plutons the basalts have been metamorphosed
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axes i n  gneisses near Marshfield plunge about 20' west; strong mineral l inea t ion  
in amphibolites along the  L i t t l e  Eau Claire River in  southeastern Marathon 
County plunge 60Â southwest; fold axes in migmatitic gneisses a t  Greenwood ( i n  
Clark Co.) plunge 35' west; and fold axes a t  Ne i l l sv i l l e  ( i n  Clark Co.) plunge 
70Â west. . 

No published radiometric ages a re  avai lable  from the gneisses in Marathon 
County, and therefore t h e i r  age is uncertain. However, Van Schmus and 
Anderson (1977) reported an age of more than 2800 m.y. f o r  migmatitie gneisses 
a t  P i t t s v i l l e  (25 km south of Marathon County). Structural  s tud ies  of 
gneisses a t  several l o c a l i t i e s  i n  centra l  Wisconsin, and radiometric dating 
led Maass and Medaris (1977) t o  conclude t h a t  the  gneisses i n  centra l  Wisconsin 
a re  mainly of Middle Precambrian age. Myers (1978, and t h i s  conference) showed 
tha t  amphibolites and gneisses i n  Eau Claire  and Chippewa Counties had undergone 
two periods of metamorphism and deformation pr io r  t o  being included in 1850 m.y. 
old plutons. T h u s ,  there  appears t o  be more than one age of gneiss ic  rocks 
i n  the region. This point will be discussed fu r the r  under the  section on 
s t ruc ture .  

MIDDLE PRECAMBRIAN 

METAVOLCANIC ROCKS 

Volcanic rocks occur a s  xenol i ths ,  screens and pendants in  in t rus ive  rocks 
and a s  r e l a t i ve ly  continuous areas i n  northern and eastern Marathon County. 
They range in  composition from basal t  t o  rhyol i t e  and exhib i t  a wide variety 
of textures and primary s t ruc tures ,  including pillow lavas ,  massive flows, 
flow breccias,  welded t u f f s ,  t u f f s  and volcanogenic sediments. The rocks 
have undergone l i t t l e  metamorphism except near l a rger  plutons, and consequently, 
primary textures and s t ruc tures  a r e  well preserved where the  rocks a r e  not 
high1 y deformed. The volcanic sequence has been extensively disrupted by 
fau l t ing  and int rusion,  forming i so la ted  blocks surrounded by plutonic rocks. 
This, coupled w i t h  the  generally poor exposure, precludes es tabl ishing the  
original  volcanic s t ra t igraphy.  UIPb age determinations on zircons i n  rhyol i t e  
on the e a s t  edge of Wausau indicate  t h a t  volcanic rocks in  t h i s  area a r e  1900 m.y. 
old (Van Schmus, 1975). 

Mafic and Intermediate Metavolcanic Rocks. Basal t ic  rocks, including 
tu f f s  and pillowed and massive flows, a re  exposed in  several l a rqe  areas  in 
eas tern,  northern and southern Marathon county, and i n  a number of smaller 
roof pendants w i t h i n  plutons. Pillow lavas a r e  r e l a t i ve ly  widespread and 
indicate t h a t  many of the  basal ts  a r e  the  r e s u l t  of subaqueous eruptions.  
Although pillow lavas a r e  widespread, most outcrops a r e  frost-heaved and 
therefore cannot be used f o r  top determinations. Porphyrit ic and amygdaloidal 
basal ts  a re  a l so  comnon in the sequence. The basal ts  have been converted t o  
chlor i te-r ich sch is t s  along zones of intense deformation. 

In thin section the  undeformed rocks cons i s t  of randomly oriented epidote,  
a c t i n o l i t e ,  ch lo r i t e ,  sodic plagioclase and quar tz ,  indicating greenschist  
facies  metamorphism. Primary textures ,  including a f i n e  f e l t y  groundmass with 
porphyritic o r  glomeroporphyritic or  amygdaloidal textures ,  a re  preserved in 
places. Adjacent t o  l a rger  g r an i t i c  plutons the basal ts  have been metamorphosed 



to aniphibolites or hornblende or pyroxene hornfelses in others. In some roof
pendants the andesites occur between basaltic and rhyolitic rocks. Because
the volcanic rocks are present in scattered blocks, the original extent and
thickness of units is unknown. Andesites are locally interbedded with
"graywacke" and conglomerate suggesting subaqueous deposition. In eastern
Marathon County the andesites are interbedded with dacites, and the sequence
becomes progressively more rhyolitic to the northwest.

Felsic Metavolcanic Rocks. Felsic volcanic rocks underlie that part of
Wausau east of the Wisconsin River and occur extensively to the east and north.
They also occur in several roof pendants elsewhere in the county (Figure 2).
A wide variety of volcanic rock types are represented, including water-laid
(bedded) tuffs, welded tuffs, pyroclastic breccias, flow breccias, massive
and flow—banded rhyolites, lahars and volcanogenic sediments of several types.
Lithic tuff with some interbedded volcanogenic sediment is the most comon
rock type. Pyroclastic breccias with clasts up to at least 20 cm are present
in several localities, and were probably deposited near vents.

Flow-banded rhyolite (Figure 4), lahars (Figure 5) and welded tuffs
(Figure 6) are well preserved in Wausau and along the Rib River east of Athens.
Relict spherulites, perlitic cracks and intensely welded vitric fragments
(Figure 6) suggest that some of these rocks probably were originally obsidian.
Near Brokaw volcanic conglomerate, sandstone, and siltstone are interbedded
with welded tuffs and lava flows. The conglomerates consist mainly of boulders
up to 20 cm in diameter of volcanic rocks in a matrix of finer volcanic
fragments. However, boulders of quartzite and granite are also present in
some layers. The volcanic sandstones consist of round sand—size volcanic
fragments, quartz grains, and scattered quartzite pebbles. These units range
in thickness from a few meters to several tens of meters and have a very
restricted distribution between the lava flows or ash flows.

Except for local development of sericite in deformed areas, the felsic
volcanic rocks show little or no evidence of metamorphism. The extremely fine
grain size and preservation of primary features such as shard structures also
indicates a general lack of recrystallization. Where the rocks have been
deformed, they may be converted to sericite schists or the volcanic fragments
may be extensively deformed, as discussed later under the section on structure.

The felsic volcanic rocks are interpreted to be mainly aquagene tuffs
with interbedded sediments. Thus they are mainly similar in origin to the
subaqueous mafic and intermediate rocks. However, the welded tuffs, flow
banded rhyolites and lahars are probably of subaerial origin. The volcanic
sandstones and conglomerates north of Wausau are believed to be alluvial
facies of the volcanic rocks. Their restricted distribution and inter-
layered welded tuffs may indicate that they are valley—fill deposits on
the flanks of a volcano. Therefore, the subaerial felsic volcanic rocks
may represent volcanic islands in a basin of unknown dimensions.

The only age determinations on volcanic rocks in Marathon County are
from a rhyolite along Wis. Hwy. 52 near the eastern city limits of Wausau.
Van Schmus and others (1975) report a U/Pb age on zircons of 1900 m.y. for
these rocks. I assume the other volcanic rocks are part of the same general
period of volcanism.

—7—

t o  amphibol i t e s  o r  hornblende o r  pyroxene horn fe lses  i n  o the rs .  I n  some r o o f  
pendants the  andesi tes occur  between b a s a l t i c  and r h y o l i t i c  rocks.  Because 
the vo lcan ic  rocks a r e  present  i n  sca t te red  b locks,  the  o r i g i n a l  ex ten t  and 
th ickness  o f  u n i t s  i s  unknown. Andesites are l o c a l l y  in terbedded w i t h  
graywacke" and conglomerate suggest ing subaqueous depos i t ion .  I n  eas tern  
Marathon County t h e  andesi tes a r e  in terbedded w i t h  dac i tes ,  and t h e  sequence 
becomes p rog ress i ve l y  more r h y o l i t i c  t o  t h e  northwest.  

F e l s i c  Metavolcanic Rocks. F e l s i c  vo l can i c  rocks u n d e r l i e  t h a t  p a r t  o f  
Wausau e a s t  o f  t h e  Wisconsin R ive r  and occur  e x t e n s i v e l y  t o  t h e  eas t  and no r th .  
They a l s o  occur i n  several  r o o f  pendants elsewhere i n  t h e  county (F igu re  2 ) .  
A wide v a r i e t y  o f  vo l can i c  rock  types a r e  represented, i n c l u d i n g  w a t e r - l a i d  
(bedded) t u f f s ,  welded t u f f s ,  p y r o c l a s t i c  breccias,  f l o w  brecc ias ,  massive 
and flow-banded r h y o l i t e s ,  l aha rs  and volcanogenic sediments o f  severa l  types.  
L i t h i c  t u f f  w i t h  some interbedded volcanogenic sediment i s  t h e  most common 
rock type. P y r o c l a s t i c  b recc ias  w i t h  c l a s t s  up t o  a t  l e a s t  20 cm a r e  present  
i n  several l o c a l i t i e s ,  and were probably deposi ted near vents. 

Flow-banded r h y o l i t e  (F igu re  4) ,  l a h a r s  (F igu re  5) and welded t u f f s  
(F igu re  6 )  a r e  w e l l  preserved i n  Wausau and a long t h e  R ib  R ive r  eas t  o f  Athens. 
Re1 i c t  sphe ru l i  tes ,  per1 i t i c  cracks and i n t e n s e l y  welded v i t r i c  fragments 
(F igu re  6 )  suggest t h a t  some o f  these rocks  probably were o r i g i n a l l y  obs id ian .  
Near Brokaw vo l can ic  conglomerate, sandstone, and s i l t s t o n e  a r e  in terbedded 
w i t h  welded t u f f s  and l a v a  f lows.  The conglomerates c o n s i s t  ma in ly  o f  boulders 
up t o  20 cm i n  diameter o f  vo l can i c  rocks i n  a  m a t r i x  o f  f i n e r  vo l can i c  
fragments. However, boulders o f  q u a r t z i t e  and g r a n i t e  a r e  a l s o  present  i n  
some laye rs .  The vo l can ic  sandstones c o n s i s t  o f  round sand-size vo l can ic  
fragments, qua r t z  g ra ins ,  and sca t te red  q u a r t z i t e  pebbles. These u n i t s  range 
i n  th ickness from a  few meters t o  several  tens o f  meters and have a  very 
r e s t r i c t e d  d i s t r i b u t i o n  between t h e  l a v a  f l ows  o r  ash f lows.  

Except f o r  l o c a l  development o f  s e r i c i t e  i n  deformed areas, t h e  f e l s i c  
vo l can i c  rocks show l i t t l e  o r  no evidence o f  metamorphism. The extremely f i n e  
g r a i n  s i z e  and p rese rva t i on  o f  pr imary fea tu res  such as shard s t r u c t u r e s  a l s o  
i n d i c a t e s  a  general l a c k  o f  r e c r y s t a l l i z a t i o n .  Where t h e  rocks have been 
deformed, they may be conver ted t o  s e r i c i t e  s c h i s t s  o r  t h e  vo l can ic  fragments 
may be ex tens i ve l y  deformed, as discussed l a t e r  under t h e  s e c t i o n  on s t r u c t u r e .  

The f e l s i c  vo l can i c  rocks a r e  i n t e r p r e t e d  t o  be main ly  aquagene t u f f s  
w i t h  in terbedded sediments. Thus they  a r e  ma in l y  s i m i l a r  i n  o r i g i n  t o  t h e  
subaqueous ma f i c  and i n te rmed ia te  rocks.  However, t h e  welded t u f f s ,  f l o w  
banded r h y o l i t e s  and l aha rs  a r e  probably o f  subaer ia l  o r i g i n .  The vo l can ic  
sandstones and conglomerates n o r t h  o f  Wausau a r e  be l i eved  t o  be a l l u v i a l  
f ac ies  o f  t h e  vo l can ic  rocks. T h e i r  r e s t r i c t e d  d i s t r i b u t i o n  and i n t e r -  
l aye red  welded t u f f s  may i n d i c a t e  t h a t  they are  v a l l e y - f i l l  depos i ts  on 
the  f l a n k s  o f  a  volcano. Therefore, t h e  subaer ia l  f e l s i c  vo l can i c  rocks 
may represent  vo l can i c  i s l ands  i n  a  basin o f  unknown dimensions. 

The o n l y  age determinat ions on vo lcan ic  rocks i n  Marathon County a r e  
from a  r h y o l i t e  a long Wis. Hwy. 52 near  t h e  eastern c i t y  l i m i t s  o f  Wausau. 
Van Schmus and o thers  (1975) r e p o r t  a  U/Pb age on z i r c o n s  o f  1900 m.y. f o r  
these rocks. I assume t h e  o the r  vo l can ic  rocks a r e  p a r t  o f  the  same general 
pe r iod  o f  volcanism. 



Figure 4. Flow banded rhyolite along Rib River east of Athens.

Figure 5. Volcanic mudflow (lahar) deposits at Highland Grove
School in Wausau. Note the mixture of clasts in a fine tuffaceous
matrix.
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Figure 4. Flow banded rhyol t e  along Rib River eas t  of Athens. 

Figure 5. Volcanic mudflow ( lahar)  deposits a t  Highland Grove 
School i n  Wausau. Note the mixture of c l a s t s  in a f i ne  tuffaceous 
matrix. 
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Figure 6. Welded tuff showing flattened and welded shard fragments
along with rounded phenocrysts. Sample is from Wausau.

Metasedimentary Rocks. Graywacke and slate associated with volcanic rocks
in north central Marathon County (between Athens and Merrill) were named the
'Hamburg Slates' by Weidman (1907). Mapping by LaBerge and Myers indicates a

much more limited distribution of metasedimentary rocks, and further indicates
that they are extensively and complexly interbedded with volcanic rocks. Most
of the sedimentary rocks are not sufficiently exposed to allow delineation of
discrete units. The coarser sediments are graywackes composed of quartz,
plagic1ase and rock fragments. The finer—grained sediments were metamorphosed
to chlorite and/or sericite slates or phyllites.

Well bedded argillite and graywacke with interbedded tuff is exposed
along CTH—W north of Wausau (Sec. 12, T.29N., R.7E.). The rock is medium
to fine grained, with layers ranging in thickness from about 1—30 cm.
Excellent examples of graded bedding and soft sediment deformation ("slump
structures") are exposed. Several units of rhyolitic lapilli tuff are inter-
bedded with the graywacke—argillite. Some of the argillite units are composed
mainly of volcanic fragments. Conglomeratic units within and at the top of
this sequence (along the Wisconsin River at the west end of the bridge at
Brokaw) may be volcanic conglomerates. Welded tuffs, flow breccias and lahars
exposed along the west side of the Wisconsin River (Sections 2, 3, & 11, T.28N.,
R.7E.) and in the 3M Company Quarry (NW¼, Sec. 11, T.28N., R.7E.) are inter-
bedded with the conglomerates and stratigraphically overlie the graywacke-
argillite sequence on the east side of the Wisconsin River. The sedimentary
units, therefore, are underlain, interbedded with, and overlain by volcanic
rocks. They are interpreted to be facies of the volcanic sequence in the area.
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Figure 6. Welded t u f f  showing f l a t t e n e d  and welded shard fragments 
along w i t h  rounded phenocrysts. Sample i s  from Wausau. 

Metasedimentary Rocks. Graywacke and s l a t e  associated w i t h  vo lcan ic  rocks 
i n  n o r t h  c e n t r a l  Marathon County (between Athens and M e r r i l l )  were named the  
"Hamburg S la tes"  by Weidman (1907). Mapping by LaBerge and Myers i nd i ca tes  a 
much more l i m i t e d  d i s t r i b u t i o n  o f  metasedimentary rocks, and f u r t h e r  i nd i ca tes  
t h a t  they a r e  ex tens i ve l y  and complexly interbedded w i t h  vo lcan ic  rocks. Most 
o f  the sedimentary rocks are  n o t  s u f f i c i e n t l y  exposed t o  a l l o w  d e l i n e a t i o n  o f  
d i s c r e t e  u n i t s .  The coarser sediments a r e  graywackes composed o f  quar tz ,  
p lag ioc lase and rock fragments. The f i ne r -g ra ined  sediments were metamorphosed 
t o  c h l o r i t e  and/or s e r i c i  t e  s l a t e s  o r  p h y l l  i tes.  

Well bedded a r g i l l i t e  and graywacke w i t h  interbedded t u f f  i s  exposed 
along CTH-W n o r t h  o f  Wausau (Sec. 12, T.29N., R.7E.). The rock i s  medium 
t o  f i n e  grained, w i t h  l aye rs  ranging i n  thickness from about 1-30 cm. 
Exce l l en t  examples o f  graded bedding and s o f t  sediment deformation ("slump 
s t ruc tu res " )  a re  exposed. Several u n i t s  o f  r h y o l i t i c  l a p i l l  i t u f f  a r e  i n t e r -  
bedded w i t h  the  graywacke-arg i l l i te .  Some of  the  a r g i l l i t e  u n i t s  a re  composed 
main ly  o f  vo lcan ic  fragments. Conglomeratic u n i t s  w i t h i n  and a t  t h e  top  o f  
t h i s  sequence (a long t h e  Wisconsin R iver  a t  t h e  west end o f  t h e  b r i dge  a t  
Brokaw) may be volcanic conglomerates. Welded t u f f s ,  f l o w  breccias and l aha rs  
exposed along the  west s ide  o f  the Wisconsin R iver  (Sect ions 2, 3, & 11, T.28N., 
R.7E.) and i n  t h e  3M Company Quarry (NWk, Sec. 11, T.Z8N., R.7E.) a r e  i n t e r -  
bedded w i t h  the  conglomerates and s t r a t i g r a p h i c a l l y  o v e r l i e  t h e  graywacke- 
a r g i l l i t e  sequence on the  eas t  s ide  o f  t h e  Wisconsin River.  The sedimentary 
u n i t s ,  there fore ,  a re  under la in,  interbedded w i th ,  and o v e r l a i n  by vo lcan ic  
rocks. They a r e  i n t e r p r e t e d  t o  be fac ies  o f  t h e  vo lcan ic  sequence i n  the  area. 



An isolated area of metagraywacke and conglomerate surrounded by, and
interbedded with felsic to intermediate volcanics is located northwest of
Stratford (Sections 34, 35, 36, T.28N., R.3E., and Sec. 31, T.28N., R.4E.).
A prominent magnetic high is associated with the sedimentary units. The
metagraywacke is fine to medium grained and medium to massively bedded. No

graded bedding was observed. The conglomerate contains boulders up to 30 cm
of quartzite, iron—formation, felsic and mafic volcanic rocks and some plutonic
rocks. The present landowner reported that a mining company from Michigan
drilled exploratory holes for iron ore in the area during the late 1950's.

Thus, sedimentary rocks, mainly graywackes and slates or argillites,
are widely distributed throughout the county and are characteristically
associated with volcanic rocks. However, no large, continuous area of
sedimentary rocks was demonstrated in the present mapping program. The
widespread association of sediments with. the volcanic rocks, however, is
helpful in interpreting the environment in which the rocks accumulated.

INTRUSIVE ROCKS

The volcanic rocks have been intruded by more than twenty stock—like
plutons in Marathon County. Most of the plutons range in composition from
quartz diorite to granite; however, several gabbroic intrusions are also
present. Discordance of the plutons, low metamorphic grade of the volcanic
rocks, and generally meagre contact metamorphic effects suggests crystallization
of the intrusions at shallow levels in the earth's crust with little subsequent
erosion. The plutons would probably be classed as upper mesozonal

Gabbroic Intrusions. Several small gabbroic intrusions of diverse
texture, and presumably of diverse age, are present in Marathon County. Most
intrusions are metamorphosed and somewhat deformed.

A mass of metagabbro underlying approximately 20 km2 is exposed along the
Eau Claire River in the vicinity of Gallon (east of Wausau). Most of the
intrusion is massive gabbro with a sub—ophitic texture, but conspicuously
layered gabbro is present locally. Although the flanking volcanic and granitic
rocks are extensively deformed, the gabbro mass is largely undeformed.
Inclusions of schistose volcanic rocks and deformed granite occur in the
gabbro suggesting that the gabbro is younger than the deformational event
affecting the surrounding rocks.

Several gabbroic masses are present in southwestern Marathon County.
A relatively unmetaniorphosed mass situated north of Marshfield consists of
coarse—grained ophitic gabbro and anorthositic gabbro. This mass produces
a prominent oval aeromagnetic anomaly.

A gabbroic mass along the Little Eau Pleine River (Secs. 23, 24, T.26N.,
R.3E., and Secs. 17, 18, 19 & 20, T.26N., R.4E.) consists of granular
plaqioclase and hornblende with numerous strongly foliated zones of
amphibolite. This gabbroic mass is much more deformed and metamorphosed
than the one north of Marshfield, and therefore appears to be older.
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An isolated area of metagraywacke and  conglomerate surrounded by, and 
interbedded with f e l s i c  t o  intermediate volcanics i s  located northwest o f  
Stratford (Sections 34, 35, 36, T.28N., R.3E., and Sec. 31, T.28N., R.4E.). 
A prominent magnetic high i s  associated w i t h  the  sedimentary un i t s .  The 
metagraywacke i s  f i ne  t o  medium grained and  medium to  massively bedded. No 
graded bedding was observed. The conglomerate contains boulders u p  t o  30 cm 
of quar tz i te ,  iron-formation, f e l s i c  and mafic volcanic rocks and some plutonic 
rocks. The present landowner reported t ha t  a mining company from Michigan 
d r i l l ed  exploratory holes fo r  iron ore i n  the  area during the  l a t e  1950's. 

T h u s ,  sedimentary rocks, mainly graywackes and s l a t e s  o r  a r g i l l i t e s ,  
are widely dis t r ibuted throughout the  county and a r e  charac te r i s t i ca l ly  
associated with volcanic rocks. However, no la rge ,  continuous area of 
sedimentary rocks was demonstrated i n  the  present mapping program. The 
widespread association of sediments w i t h  the  volcanic rocks, however, i s  
helpful in interpreting the environment i n  which the rocks accumulated. 

INTRUSIVE ROCKS 

The volcanic rocks have been intruded by more than twenty stock-like 
plutons i n  Marathon County. Most of the plutons range i n  composition from 
quartz d io r i t e  t o  grani te ;  however, several gabbroic intrusions a re  a lso  
present. Discordance of the plutons, low metamorphic grade of the volcanic 
rocks, and generally meagre contact metamorphic e f f ec t s  suggests c rys ta l l i za t ion  
of the intrusions a t  shallow levels  i n  the  e a r t h ' s  c rus t  w i t h  l i t t l e  subsequent 
erosion. The plutons would probably be classed as upper mesozonal. 

Gabbroic Intrusions. Several small gabbroic intrusions of diverse 
texture ,  and presumably of diverse age, a re  present in Marathon County. Most 
intrusions a re  metamorphosed and somewhat deformed. 

2 A mass of metagabbro underlying approximately 20 km i s  exposed along the  
Eau Claire River in the vic ini ty  of Callon ( ea s t  of Wausau). Most of the  
intrusion i s  massive gabbro w i t h  a sub-ophitic texture ,  b u t  conspicuously 
layered gabbro i s  present local ly .  Although the flanking volcanic and g ran i t i c  
rocks a re  extensively deformed, the  gabbro mass i s  largely undeformed. 
Inclusions of schistose volcanic rocks and deformed grani te  occur in the  
gabbro suggesting t h a t  the gabbro i s  younger than the deformational event 
affect ing the surrounding rocks. 

Several gabbroic masses are present in southwestern Marathon County. 
A r e la t ive ly  unmetamorphosed mass s i tuated north of Marshfield consis ts  of 
coarse-grained ophi t ic  gabbro and anorthosi t ic  gabbro. This mass produces 
a prominent oval aeromagnetic anomaly. 

A gabbroic mass along the L i t t l e  Eau Pleine River (Secs. 23, 24, T.26N., 
R.3E., and  Secs. 17, 18, 19 & 20, T.26N., R.4E.) consis ts  of granular 
plaqioclase and hornblende with numerous strongly fo l ia ted  zones of 
amphibolite. This gabbroic mass i s  much more deformed and metamorphosed 
than the one n o r t h  of Marshfield, and  therefore appears t o  be older.  



Ultramafic Intrusions. Several small, widely scattered ultramafic bodies
composed mainly of talc and serpentine are located in Marathon County. The
ultramafic rocks are poorly exposed, rendering it difficult to determine
their size and shape. They are located along major zones of cataclasis, and
thus it is likely that the bodies are elongated parallel to the strike of the
zones.

A small ultramafic body occurs with the metagabbro mass along the Little
Eau Pleine River (NE¼, SE¼, Sec. 20, T.26N., R.3E,). It is composed mainly
of serpentine and talc, but contains numerous relict olivine crystals. The
main exposure of the serpentinite is in a pit where quarrying was attempted.
The mineralogy and texture of the rock indicate that it has not been as
intensely metamorphosed or deformed as the associated metagabbro. Therefore,
it probably represents a separate intrusion rather than an ultramafic
differentiate of the gabbroic mass. A similar serpentine-talc body exposed
in a roadcut south of Rozellville (NW¼, NW¼, SW¼, Sec. 27, T.26N., R.4E.)
also contains abundant relict olivine and has only 39.4 percent Si02. Thus,
it is probably a serpentinized dunite. Feldspathic pyroxenites consisting of
serpentinized pyroxene and plagioclase and retaining their igneous texture
are exposed in the SE¼, SE¼, Sec. 2, T29N., R.3E. and NE¼, NE¼, 5E¼, Sec. 27,
T.30N., R.4E. along a major fault zone in northwestern Marathon County.
Therefore, they appear less deformed than the ultramafic bodies in southern
and eastern Marathon County.

Granitic Intrusions. The volcanic—sedimentary sequence and gneisses
have been intruded by numerous stock—like plutons of granite. Most of the
plutons are compositionally zoned and contain pendants, screens and xenoliths
of volcanic and older plutonic rocks.

Quartz diorite intrusions are typically small, heterogeneous and generally
highly contaminated with inclusions of volcanic rocks, gabbro, pyroxenite,
and metasedimentary rocks. A conspicuous east to northeast trending cataclastic
foliation is present in most of the plutons. Mineralogically, they contain
strongly zoned plagioclase (about An30), 20-30 percent quartz, 10-30 percent
hornblende or biotite or both, and minor rnicrocline.

Intrusions ranging in composition from quartz monzonite to granite
intrude the volcanic rocks and dioritic bodies. Typically, the margins are
highly contaminated, but the cores are relatively homogeneous. Some quartz
monzonites appear to be gradational into quartz diorites, but dikes of quartz
monzonite in the dioritic rocks suggest fracturing and intrusion of the
peripheral dioritic rocks by later phases of the intrusion. The quartz
monzonites generally have a pervasive cataclastic foliation which, in places,
is truncated by non—foliated granites (Figure 7), suggesting that the granites
are later.

The granitic plutons range in size from about 5-130 km2. Many have
concentric zoning with a granitic core and quartz monzonite to quartz diorite
border. Narrow but distinct contact metamorphic halos were observed around
several intrusions where the felsic volcanic rocks were recrystallized to a
massive saccharoidal rock and mafic volcanic rocks were recrystallized to
hornblende hornfelses. Excellent examples of intrusion breccias are exposed
on the margins of some intrusions.
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Ul t ramaf i c  I n t r u s i o n s .  Several smal l ,  w ide ly  sca t te red  u l t r a m a f i c  bodies 
composed main ly  o f  t a l c  and serpent ine are  l oca ted  i n  Marathon County. The 
u l  t r amaf i c  rocks are  poo r l y  exposed, render ing  i t  d i f f i c u l t  t o  determine 
t h e i r  s i z e  and shape. They are  l oca ted  along major zones o f  ca tac las i s ,  and 
thus i t  i s  l i k e l y  t h a t  t h e  bodies are  elongated p a r a l l e l  t o  the  s t r i k e  o f  t h e  
zones. 

A small u l  t r ama f i c  body occurs w i t h  the  metagabbro mass a long t h e  L i t t l e  
Eau P le ine  R iver  (NEk, SEk, Sec. 20, T.26N., R.3E.). I t  i s  composed main ly  
o f  serpent ine and t a l c ,  b u t  conta ins  numerous re1  i c t  01 i v i n e  c r y s t a l s .  The 
main exposure o f  the  s e r p e n t i n i t e  i s  i n  a p i t  where quar ry ing  was attempted. 
The mineralogy and t e x t u r e  o f  the  rock  i n d i c a t e  t h a t  i t  has n o t  been as 
i n tense ly  metamorphosed o r  deformed as t h e  associated metagabbro. Therefore, 
i t  probably represents a separate i n t r u s i o n  r a t h e r  than an u l  t r amaf i c  
d i f f e r e n t i a t e  of the  gabbroic mass. A s i m i l a r  se rpen t i ne - ta l c  body exposed 
i n  a roadcut south o f  R o z e l l v i l l e  (NU%, NWk, SWk, Sec. 27, T.Z6N., R.4E.) 
a l so  conta ins abundant r e l i c t  o l i v i n e  and has o n l y  39.4 percent  3 0 2 .  Thus, 
i t  i s  probably a serpent in ized duni t e .  Feldspath ic  pyroxeni t e s  cons i s t i ng  o f  
serpent in ized pyroxene and p lag ioc lase and r e t a i n i n g  t h e i r  igneous t e x t u r e  
are  exposed i n  t h e  SEg, SEij, Sec. 2, T.29N., R.3E. and NE%, NEk, SEk, Sec. 27, 
T.30N., R.4E. along a major f a u l t  zone i n  northwestern Marathon County. 
Therefore, they appear l ess  deformed than t h e  u l t r a m a f i c  bodies i n  southern 
and eastern Marathon County. 

G r a n i t i c  I n t r u s i o n s .  The volcanic-sedimentary sequence and gneisses 
have been in t ruded  by numerous s t o c k - l i k e  p lu tons  o f  g ran i te .  Most o f  t h e  
p l  utons are  composit'ional1.y zoned and conta in  pendants, screens and xeno l i t hs  
o f  vo lcan ic  and o l d e r  p l u t o n i c  rocks. 

Quar tz  d i o r i t e  i n t r u s i o n s  are  t y p i c a l l y  smal l ,  heterogeneous and genera l l y  
h i g h l y  contaminated w i t h  i nc lus ions  o f  vo l can i c  rocks, gabbro, pyroxen i te ,  
and metasedimentary rocks. A conspicuous eas t  t o  nor theas t  t rend ing  c a t a c l a s t i c  
f o l i a t i o n  i s  present  i n  most o f  the p lu tons .  M ine ra log i ca l l y ,  they conta in  
s t r o n g l y  zoned p lag ioc lase (about 20-30 percent  quar tz ,  10-30 percent  
hornblende o r  b i o t i t e  o r  both, and minor m ic roc l i ne .  

I n t r u s i o n s  ranging i n  composit ion from quartz  monzonite t o  g r a n i t e  
i n t r u d e  the vo lcan ic  rocks and d i o r i t i c  bodies. T y p i c a l l y ,  t h e  margins a r e  
h i g h l y  contaminated, b u t  t h e  cores a r e  r e l a t i v e l y  homogeneous. Some quartz  
monzonites appear t o  be gradat iona l  i n t o  quar tz  d i o r i t e s ,  b u t  d ikes o f  quar tz  
monzonite i n  t h e  d i o r i t i c  rocks suggest f r a c t u r i n g  and i n t r u s i o n  o f  t h e  
per iphera l  d i o r i t i c  rocks by l a t e r  phases o f  t h e  i n t r u s i o n .  The quar tz  
monzoni t es  genera l l y  have a pervasive c a t a c l a s t i c  f o l i a t i o n  which, i n  places, 
i s  t runcated by non-fol  i a t e d  g ran i tes  (F igure  7) ,  suggest ing t h a t  t h e  g ran i tes  
are l a t e r .  

2  The g r a n i t i c  p lu tons  range i n  s i z e  from about 5-130 km . Many have 
concent r ic  zoning w i t h  a g r a n i t i c  core and quar tz  monzonite t o  quar tz  d i o r i t e  
border.  Narrow b u t  d i s t i n c t  contac t  metamorphic halos were observed around 
several i n t r u s i o n s  where t h e  f e l s i c  vo lcan ic  rocks were r e c r y s t a l l i z e d  t o  a 
massive saccharoidal rock and maf ic  vo lcan ic  rocks were r e c r y s t a l l i z e d  t o  
hornblende horn fe lses .  Exce l l en t  examples o f  i n t r u s i o n  breccias are  exposed 
on t h e  margins o f  some i n t r u s i o n s .  



Figure 7. Foliated quartz monzonite on right (with foliation
parallel with the pencil) cut by a massive granite on left.
pencil point is approximately on the contact.

The granitic intrusions exhibit a wide variety of textures and mineralogy.
Quartz monzonites tend to be porphyritic with phenocrysts of plagioclase
(An20_30) or microcline or both in a finer matrix of quartz, feldspar and
mafic minerals. Hornblende is comon in quartz monzonites, comprising as
much as 20 percent of the rocks. Biotite is also convuion. Granites generally
contain fewer mafic minerals, with biotite the most conunon variety. Individual
plutons may be recognized by their mineralogy, or texture, or both. The
intrusions also differ in color. Quartz monzonites are typically gray and
weather to a buff color whereas granites range from pink to deep brick red.
The variety of textures exhibited by the granitic rocks presumably reflects
differences in the environment (temperature and pressure) and chemistry
(especially H20) at the time of crystallization.

The Middle Precambrian volcanic—plutonic portion of Marathon County is
1

t
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The

situated on one of the major gravity ows in the state (up to minus 90
milligals) (Ervin and Rammer, 1974). The gravity low is significantly greater
than that over the gneissic area described above. This indicates that the
area is underlain mainly by granitic rocks. The general gravity low suggests
that the volcanic pendants (at least the mafic ones) are relatively shallow
features in the granitic rocks. The aeromagnetic map of the area (Zeitz and
others, 1977) is consistent with this interpretation. The granites have a
low, flat magnetic expression whereas the gabbros and volcanics produce
magnetic highs. (This is the reverse of the magnetic pattern described else-
where in northern Wisconsin by Mudrey and Karl (1977).) The blotchy magnetic
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Figure 7. Foliated quartz monzonite on r igh t  (with fo l ia t ion  
parallel  w i t h  the pencil) cut  by a massive grani te  on l e f t .  The 
pencil point i s  approximately on the contact .  

The gran i t i c  intrusions exhibi t  a wide var ie ty  of textures and mineralogy. 
Quartz monzonites tend t o  be porphyritic with phenocrysts of plagioclase 
(An20-30) o r  microcline o r  both i n  a  f i ne r  matrix of quar tz ,  feldspar and 
mafic minerals. Hornblende i s  common i n  quartz monzonites, comprising as 
much as 20 percent of the rocks. Biot i te  i s  a lso  common. Granites generally 
contain fewer mafic minerals, with b i o t i t e  the most common var ie ty .  Individual 
plutons may be recognized by their mineralogy, o r  texture ,  or  both. The 
intrusions a lso d i f f e r  in color.  Quartz monzonites a re  typical ly  gray and 
weather t o  a buff color whereas granites range from p i n k  t o  deep brick red. 
The variety of textures exhibited by the gran i t i c  rocks presumably r e f l ec t s  
differences in the  environment (temperature and pressure) and chemistry 
(especially H20) a t  the time of crystal1 izat ion.  

The Middle Precambrian volcanic-plutonic portion of Marathon County i s  
s i tuated on one of the major gravity lows in the  s t a t e  (up t o  minus 90 
mill iga l s )  (E rv in  and Hammer, 1974). The gravity low i s  s ign i f ican t ly  greater  
than tha t  over the gneissic area described above. This indicates t h a t  the 
area i s  underlain mainly by gran i t i c  rocks. The general gravity low suggests 
t ha t  the volcanic pendants ( a t  l e a s t  the mafic ones) a re  re la t ive ly  shallow 
features i n  the gran i t i c  rocks. The aeromagnetic map of the area (Zei tz  and 
others,  1977) i s  consistent  w i t h  t h i s  in terpreta t ion.  The granites have a 
low, f l a t  magnetic expression whereas the  gabbros and volcanics produce 
magnetic highs. (This i s  the  reverse of the  magnetic pattern described e lse-  
where in northern Wisconsin by Mudrey and Karl (1977).) The blotchy magnetic 



pattern indicates a patchy distribution of volcanic rocks in an area composed
largely of granitic rocks.

Only a few radiometric ages are available from plutonic rocks in
Marathon County. Van Schmus and others (1976) obtained a U/Pb age of 1850 m.y.
on zircons from the Kalinke quartz nionzonite in northeastern Marathon County.

The granitic rocks in Marathon County (with the exception of the Wolf
River Batholith and syenite bodies near Wausau, described below) are believed
to be related to a single igneous event. All are intruded into what may
reasonably be interpreted as a single (but complex) volcanic—sedimentary
sequence. The various plutons show similar, widespread cataclastic foliation,
and many have gradational contacts from quartz diorites to granites. It is
conceivable that the various granitic rocks are co—extensive at depth and
form a large composite batholith. If this interpretation is correct, the
various stock—like plutons may be cupolas on this large batholith. Numerous
1850 m.y. old plutons also intruded the gneissic rocks in central Wisconsin
(Van Schmus, 1976).

Chemical analyses of 19 granitic rocks and 8 volcanic rocks from the
county indicate that they are calc—alkaline. Because the volcanic and
plutonic rocks have a similar age, have undergone a similar structural
history, and are chemically similar and are spatially related, I suggest that
they may be co-genetic.

LATE PRECAMBRIAN

The Late Precambrian is represented in Marathon County by widely
distributed igneous rocks, including quartz monzonites, granites, syenites,
and several types of diabase dikes. The quartz monzonites and granites are
part of a large batholith whereas the syenites are small, circular bodies.
The diabase dikes may represent the youngest Precambrian rocks in the area.

The Wolf River Batholith. The Wolf River Batholith is a major Late
Precambrian batholith underlying at least 3500 km2 in eastern Marathon County
and adjoining parts of northeastern Wisconsin (Van Schmus and others, 1975).
U/Pb age on zircons indicates that the batholith is 1500 m.y. old (Van Schmus
and others, 1976). The western margin of the batholith was mapped during
this survey.

The major rock type of the Wolf River Batholith exposed in Marathon County
is a coarse—grained porphyritic quartz monzonite which extends from the
northeastern corner of the county approximately two-thirds of the way across
the county. The southeastern part of Marathon County is underlain by a
medium—grained porphyritic quartz monzonite which extends southwest as far
as Stevens Point. Anderson (1975) and Anderson and Cullers (1978) concluded
that the Wolf River Batholith is chemically related to alkalic intrusions,
and thus is significantly different from the Middle Precambrian plutons to
the west.

The contact between the western edge of the Wolf River Batholith and
the Middle Precambrian rocks is, in part, a major fault zone along the
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pa t te rn  i nd i ca tes  a patchy d i s t r i b u t i o n  o f  vo lcanic rocks i n  an area composed 
l a r g e l y  o f  g r a n i t i c  rocks.  

Only a few rad iomet r i c  ages are  a v a i l a b l e  from p l u t o n i c  rocks i n  
Marathon County. Van Schmus and o thers  (1976) obta ined a U/Pb age o f  1850 m.y. 
on z i rcons  from the  Ka l inke  quar tz  monzonite i n  nor theastern Marathon County. 

The g r a n i t i c  rocks i n  Marathon County ( w i t h  the  except ion o f  t h e  Wolf 
R iver  Bath01 4 th  and syeni t e  bodies near Wausau, descr ibed below) are  be1 i eved 
t o  be r e l a t e d  t o  a s i n g l e  igneous event. A l l  a re  i n t ruded  i n t o  what may 
reasonably be i n t e r p r e t e d  as a s i n g l e  ( b u t  complex) volcanic-sedimentary 
sequence. The var ious p lutons show s i m i l a r ,  widespread c a t a c l a s t i c  f o l i a t i o n ,  
and many have gradat iona l  contacts from quartz  d i o r i t e s  t o  g ran i tes .  I t  i s  
conceivable t h a t  t h e  var ious g r a n i t i c  rocks are  co-extensive a t  depth and 
form a l a r g e  composite b a t h o l i t h .  I f  t h i s  i n t e r p r e t a t i o n  i s  cor rec t ,  t h e  
var ious s t o c k - l i k e  p lutons may be cupolas on t h i s  l a r g e  b a t h o l i t h .  Numerous 
1850 m.y. o l d  p lu tons  a l s o  i n t ruded  t h e  gne iss ic  rocks i n  c e n t r a l  Wisconsin 
(Van Schmus, 1976). 

Chemical analyses o f  19 g r a n i t i c  rocks and 8 vo l can ic  rocks from t h e  
county i n d i c a t e  t h a t  they are ca l c -a l ka l i ne .  Because t h e  vo lcan ic  and 
p l u t o n i c  rocks have a s i m i l a r  age, have undergone a s i m i l a r  s t r u c t u r a l  
h i s t o r y ,  and are  chemical ly  s i m i l a r  and are  s p a t i a l l y  r e l a t e d ,  I suggest t h a t  
they may be co-genetic. 

LATE PRECAMBRIAN 

The Late Precambrian i s  represented i n  Marathon County by w ide l y  
d i s t r i b u t e d  igneous rocks, i n c l u d i n g  qua r t z  monzoni t es  , gran i tes  , syen i tes  , 
and several types o f  diabase d ikes.  The quar tz  monzonites and g ran i tes  a r e  
p a r t  o f  a l a r g e  b a t h o l i t h  whereas the  syen i tes  a r e  smal l ,  c i r c u l a r  bodies. 
The diabase d ikes  may represent  t h e  youngest Precambrian rocks i n  t h e  area. 

The Wolf R iver  B a t h o l i t h .  The Wolf River  B a t h o l i t h  i s  a major Late 
Precambrian b a t h o l i t h  under ly ing  a t  l e a s t  3500 km2 i n  eastern Marathon County 
and a d j o i n i n g  p a r t s  o f  nor theastern Wisconsin (Van Schmus and others,  1975). 
U/Pb age on z i r cons  i nd i ca tes  t h a t  t h e  b a t h o l i t h  i s  1500 m.y. o l d  (Van Schmus 
and others,  1976). The western margin o f  t h e  b a t h o l i t h  was mapped du r ing  
t h i s  survey. 

The major rock type o f  t h e  Wolf R i ve r  B a t h o l i t h  exposed i n  Marathon County 
i s  a coarse-grained p o r p h y r i t i c  quar tz  monzonite which extends from t h e  
nor theastern corner  o f  t h e  county approximately two- th i rds  o f  t h e  way across 
t h e  county. The southeastern p a r t  o f  Marathon County i s  under la in  by a 
medium-grained p o r p h y r i t i c  quar tz  monzonite which extends southwest as f a r  
as Stevens Po in t .  Anderson (1975) and Anderson and Cu l l e rs  (1978) concluded 
t h a t  the  Wolf R i ve r  B a t h o l i t h  i s  chemical ly  r e l a t e d  t o  a l k a l i c  i n t r u s i o n s ,  
and thus i s  s i g n i f i c a n t l y  d i f f e r e n t  from the  Middle Precambrian p lu tons  t o  
t h e  west. 

The contac t  between t h e  western edge o f  t h e  Wolf R iver  B a t h o l i t h  and 
the  Middle Precambrian rocks i s ,  i n  p a r t ,  a  major f a u l t  zone along t h e  



Eau Claire River. At Eau Claire Dells and to the northeast near Hogarty
(Figure 1), the Wolf River Batholith has metamorphosed the sheared volcanic
and plutonic rocks (discussed later) to hornblende and pyroxene hornfelses.
However, farther southwest along the contact a zone of cataclastic foliation
more than 1.5 km wide cuts the Wolf River Batholith (Figure 2). The strike
and dip of the foliation is consistent with that in the older rocks and
suggests a recurrence of the deformation after emplacement of the Wolf River
Batholith.

The Syenite Plutons. Two elliptical, concentrically zoned alkalic
plutons intruded the Middle Precambrian volcanic—plutonic complex just west
of Wausau (Myers, 1976, this conference). These plug—like plutons are
about 1500 m.y. old and are chemically related to the Wolf River Batholith
(Van Schmus and others, 1976).

Wausau Syenite Pluton. The Wausau syenite pluton is approximately
12 x 27 km in plan, elongate concordantly northeast, and consists of a wall
zone of foliated amphibole syenite, an intermediate zone of xenolith—rich
quartz syenite and a core of quartz monzonite (the "Ninemile granite).
The southern half of the Wausau syenite pluton was intruded and partially
assimilated by the Ninemile pluton. A nearly complete ring of very large,
lensoidal quartzite xenoliths marks the outer part of the intermediate zone.
The larger quartzite xenoliths form a ring of prominent hills, including Rib
Mountain, Mosinee Hill and Hardwood Hill. An intrusion breccia marks the
contact between the resistant quartzite on the tops of the hills and the more
readily eroded syenite exposed on the lower slopes. Quartzite is accompanied
by smaller xenoliths of schistose metavolcanics and metadiorite(?). The
northern part of the Wausau syenite pluton appears to be repeated (by low
angle faulting?) on opposite sides of the Rib River. Xenolith lithology,
size and relative abundance vary extensively within the pluton, although
metavolcanic rocks, quartzite, schist and metadiorite are dominant. Xenoliths
of contrasting lithology are chaotically mixed, especially in the intermediate
zone. Mixing probably involved considerable vertical transport of clasts
during intrusion. (This interpretation is significant and will be referred
to later.) Long dimensions of xenoliths are concentric about the core.
Biotitized mafic xenoliths are ubiquitous in the quartz syenite. The
amphibole and pyroxene syenites of the wall zone possess a distinct flow
lineation in most places.

The Ninemile pluton forms the core of the Wausau Syenite and appears to
have breached the southern part of the circular complex and spread into a
large oval area to the southwest. Although the contact between the quartz
monzonite core and the surrounding syenite is discordant, it appears to be
gradational in most places. Quartz monzonite in the space formerly occupied
by the circular core margin contains abnormally abundant mafic xenoliths.
It is probable that the xenolith—contaminated "caldera—rim"(?) persisted
within the upwelling magma without appreciable lateral dispersal or complete
assimilation.

The Ninemile pluton is a coarse, equigranular hornblende—biotite quartz
monzonite similar in appearance to the Wolf River Granite. The pluton is
elliptical and underlies 218 km2. A peripheral zone 2-3 km wide is marked by
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Eau Claire River. A t  Eau Claire Dells and to  the northeast near Hogarty 
(Figure I ) ,  the Wolf River Batholith has metamorphosed the  sheared volcanic 
and plutonic rocks (discussed l a t e r )  t o  hornblende and pyroxene hornfelses. 
However, fa r ther  southwest along the  contact a zone of ca t ac l a s t i c  fo l ia t ion  
more than 1 .5  km wide cuts the  Wolf River Batholith (Figure 2 ) .  The s t r i k e  
and dip  of the fo l ia t ion  i s  consistent  w i t h  t ha t  i n  the older rocks and 
suggests a recurrence of the  deformation a f t e r  emplacement of the  Wolf River 
Bath01 i t h .  

The Syenite Plutons. Two e l l i p t i c a l ,  concentrically zoned a1 kalic 
~ l u t o n s  intruded the  Middle Precambrfan volcanic-plutonic comvlex just west 
of Wausau (Myers, 1976, t h i s  conference). These ~ l u ~ - l  i ke plutons-are 
about 1500 m.y. old and a re  chemically related t o  the  Wolf River Batholith 
(Van Schmus and others,  1976). 

Wausau Syenite Pluton. The Wausau syenite pluton i s  approximately 
12 x 27 km in plan, elongate concordantly northeast ,  and consis ts  of a wall 
zone of fo l ia ted  amphibole syeni te ,  an intermediate of xenol i t h - r i r  - 
quartz syenite and a core of quartz monzonite ( t h e  "Ninemile g ran i te" ) .  
The southern half of K w a u s a u  svenite ~ l u t o n  was intruded and pa r t i a l l y  
assimilated by the  Ninemile plut&. A nearly complete r ing of very l a r i e ,  
lensoidal quar tz i te  xenoliths marks the  outer par t  of the  intermediate zone. 
The larger  quar tz i te  xenoliths form a ring of prominent h i l l s ,  including Rib 
Mountain, Mosinee Hill and Hardwood Hi l l .  An intrusion breccia marks the  
contact between the r e s i s t an t  quar tz i te  on the  tops of the  h i l l s  and the more 
readily eroded syenite exposed on the lower slopes. Quartzite i s  accompanied 
by smal l e r  xenoliths of schistose metavolcanics and metadior i te(?)  . The 
northern part  of the  Wausau syenite pluton appears t o  be repeated (by low 
angle fau l t ing?)  on opposite s ides  of the  Rib River. Xenolith l i thology, 
s i ze  and re la t ive  abundance vary extensively w i t h i n  the  pluton, although 
metavolcanic rocks, quar tz i te ,  s ch i s t  and metadiorite a re  dominant. Xenoliths 
of contrasting 1 ithology are chaotically mixed, especially in the  intermediate 
zone. Mixing probably involved considerable ver t ical  t ransport  of c l a s t s  
during intrusion.  (This in terpreta t ion i s  s ign i f ican t  and will be referred 
t o  l a t e r . )  Long dimensions of xenoliths a re  concentric about the core. 
Bioti t ized mafic xenoliths a re  ubiquitous in the  quartz syenite.  The 
amphibole and pyroxene syenites of the wall zone possess a d i s t i n c t  flow 
lineation in most places. 

The Ninemile pluton forms the core of the Wausau Syenite and appears t o  
have breached the  southern par t  of the  c i rcu la r  complex and spread in to  a 
large oval area t o  the southwest. Although the  contact between the  quartz 
monzonite core and the  surrounding syenite i s  discordant, i t  appears to be 
gradational i n  most places. Quartz monzonite in the  space formerly occupied 
by the c i r cu l a r  core margin contains abnormally abundant mafic xenoliths. 
I t  i s  probable t h a t  the  xenol ith-contaminated "caldera-rimt'(?) persisted 
w i t h i n  the upwelling magma without appreciable l a t e r a l  dispersal or  complete 
assimilation.  

The Ninemile pluton i s  a coarse, equigranular hornblende-biotite quartz 
monzonite similar in appearance t o  the Wolf River Granite. The pluton i s  
e l l i p t i c a l  and underlies 218 km2. A peripheral zone 2-3 km wide i s  marked by 



numerous "rotten granite" quarries indicating that in this zone the rock has
almost completely lost its coherence.

Stettin Syenite Pluton. The Stettin syenite pluton is oval in plan with
dimensions of 6 x 9 km; it is concentrically zoned and elongate northeasterly.
The pluton intruded mafic volcanic rocks on the west and felsic volcanic rocks
and associated sedimentary rocks on the east, The pluton is divided into
five main, subconcentric units: (1) lensoidal syenite, (2) nepheline syenite,
(3) tabular syenite, (4) amphibole syenite, and (5) pyroxene syenite.
Lensoidal syenite, banded nepheline syenite and tabular syenite are confined
to the wall zone. Flow lineated amphibole and pyroxene syenites of the
intermediate zone enclose a nearly circular core of pyroxene syenite that it
rimed by nepheline syenite. The pluton was intruded between two northeast-
trending shear zones, with apophyses extending outward along the foliation.
The concentric cylindrical structure suggests subvolcanic intrusion of the
Stettin and Wausau plutons.

Diabase Dikes. Both pyroxene and olivine diabase dikes are present in
Marathon County. They are characteristically undeformed and unmetamorphosed
and may represent the youngest igneous rocks because they intrude all older
rocks in the area. The dikes range up to 30 meters wide, and those with
exposed contacts trend east or northeast. Most diabase dikes have no
magnetic "signature," but one prominent dike exposed in the "rotten granite"
quarries south of Rib Mountain has an associated aeromagnetic low that can be
traced for more than 100 km from northern Shawano County westward across most
of Marathon County. Thus, at least this dike is reversely polarized. Where
exposed, it is a medium—grained pyroxene diabase about 15 meters wide with
a chilled margin. A fine—grained olivine diabase is exposed in the northwestern
corner of the county. The relative age of the olivine and pyroxene diabases
are not known.

STRUCTURAL GEOLOGY

Regional Settin. Marathon County is on the southern margin of a large
Middle Precambrian volcanic—sedimentary basin that extends across northern
Wisconsin into Minnesota and Michigan. Although Middle Precambrian rocks are
widely distributed over the area, their relationship from one area to another
is largely unknown. Sedimentary rocks are dominant on the iron ranges to the
north, but relatively unmetamorphosed volcanic and plutonic rocks predominate
in Marathon County. The contacts between these low—grade rocks and gneisses,
migmatites and amphibolites extensively developed in central Wisconsin are
exposed in several places in the county. Maass and Medaris (1977) interpret
the gneisses to be mainly Middle Precambrian in age, also. Contacts between
the Middle Precambrian rocks, the 1500 m.y. old Wolf River Batholith, and
related syenite plutons are also well exposed in Marathon County. Therefore,
an understanding of the structural geology of this area is important to a
wide variety of rocks over a large region.

Folding. Although nearly 4500 km2 are mapped in Marathon County, no
clear—cut structural evidence for large—scale folding was established. In
much of the county the trend of distinctive lithologies in the volcanic rocks
is N.600E. to east—west. However, top indicators are lacking in most of the
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numerous "rotten granite" quarries indicating tha t  i n  t h i s  zone the rock has 
almost completely l o s t  i t s  coherence. 

S t e t t i n  Syenite Pluton. The S t e t t i n  syeni te  pluton i s  oval in plan with 
dimensions of 6 x 9 km; i t  i s  concentrically zoned and elongate northeasterly.  
The pluton intruded mafic volcanic rocks on the west and f e l s i c  volcanic rocks 
and associated sedimentary rocks on the eas t .  The pluton is divided in to  
f i ve  main, subconcentric units: (1) lensoidal syeni te ,  (2 )  nepheline syeni t e ,  
( 3 )  tabular syeni te ,  (4 )  amphibole syeni t e ,  and (5)  pyroxene syeni te .  
Lensoidal syeni t e ,  banded nephel ine  syeni t e  and tabular  syeni t e  a r e  confined 
to  the  -- wall zone. Flow lineated amphibole and pyroxene syenites of the 
intermediate zone enclose a nearly c i r cu l a r  core of pyroxene syeni te  t ha t  i t  
r imed by n e p m n e  syenite.  The pluton w a s m r u d e d  between two northeast- 
trending shear zones, w i t h  apophyses extending outward along the fo l i a t i on .  
The concentric cyl indr ical  s t ruc ture  suggests subvolcanic int rusion of the  
S t e t t i n  and Wausau pl utons . 

Diabase Dikes. Both pyroxene and o l iv ine  diabase dikes a r e  present in  
Marathon County. They are  charac te r i s t ica l ly  undeformed and unmetamorphosed 
and may represent the youngest igneous rocks because they intrude a11 older  
rocks i n  the  area.  The dikes range u p  t o  30 meters wide, and those w i t h  
exposed contacts trend eas t  o r  northeast .  Most diabase dikes have no 
magnetic "signature," but one prominent dike exposed i n  the  "rot ten grani te"  
quarries south of R i b  Mountain has an associated aeromagnetic low t h a t  can be 
traced f o r  more than 100 km from northern Shawano County westward across most 
of Marathon County. Thus, a t  l e a s t  t h i s  dike i s  reversely polarized. Where 
exposed, i t  i s  a medium-grained pyroxene diabase about 15 meters wide w i t h  
a ch i l led  margin. A fine-grained o l iv ine  diabase is exposed i n  the  northwestern 
corner of the county. The r e l a t i ve  age of the  o l iv ine  and pyroxene diabases 
a r e  not known. 

STRUCTURAL GEOLOGY 

Regional Set t inq.  Marathon County i s  on the southern margin of a large 
Middle Precambrian volcanic-sedimentary basin t h a t  extends across northern 
Wisconsin in to  Minnesota and Michjgan. Although Middle Precambrian rocks a r e  
widely dis t r ibuted over t he  area ,  t h e i r  re la t ionsh ip  from one area t o  another 
i s  largely unknown. Sedimentary rocks a r e  dominant on the iron ranges t o  the 
north, b u t  r e l a t i ve ly  unmetamorphosed volcanic and plutonic rocks predominate 
i n  Marathon County. The contacts between these low-grade rocks and gneisses,  
migmatites and amphibolites extensively developed i n  central  Wisconsin are  
exposed in. several places i n  t he  county. Maass and Medaris (1977) i n t e rp re t  
the  gneisses t o  be mainly Middle Precambrian in  age, a l so .  Contacts between 
the Middle Precambrian rocks, the 1500 m.y. old Wolf River Batholi th,  and 
related syenite plutons a r e  a l so  well exposed in  Marathon County. Therefore, 
an understanding of the s t ruc tura l  geology of t h i s  area i s  important t o  a 
wide variety of rocks over a large region. 

2 Foldin%. Although nearly 4500 km a r e  mapped in Marathon County, no 
clear-cut s t ructural  evidence f o r  large-scale folding was established. In 
much of the  county the trend of d i s t i nc t ive  l i tho logies  i n  the volcanic rocks 
i s  N . ~ O O E .  to  east-west. However, top indicators  a r e  lacking in most of the  



volcanic rocks, and the massive nature and broken surfaces of most outcrops
and/or foliation prevents determination of the dip and strike of the layering.
Minor folds were observed in a few widely scattered locations, and in different
roof pendants, so their significance regarding pre—intrusive folding is
uncertain. Pillow lavas are widely distributed, but top determinations can
be made only at two localities. The other pillow occurrences are all frost-
heaved blocks, or boulders picked from fields and piled by area farmers.

The general distribution of volcanic rocks in Marathon County, however,
may be the result of a large synclinal fold. In the eastern part of the
county basalts are more abundant to the southeast (near Ringle) (Figure 2)
with an increase in intermediate and felsic rocks toward Wausau. Rhyolites
predominate at Wausau. North and northwest of Wausau intermediate and mafic
rocks again predominate. West of Wausau pillow lavas exposed along Artus
Creek (NE¼, NW¼, Sec. 29, T.29N., R.6E.) indicate tops to the southeast,
suggesting that the basalts dip beneath the rhyolites in the Wausau area.
Assuming that the basalts underlie the rhyolites, the distribution of volcanic
rocks suggests a northeast—trending synclinal structure with its axis
approximately at Wausau. However, the mafic to felsic sequence appears to
have been duplicated at least twice by faulting southeast of Wausau. One
proposed fault is parallel to and approximately 1 .5 km west of the Eau Claire
River, juxtaposing basalts on the west with rhyolites on the east. The sequence
also appears to be repeated along a fault zone extending from Rothschild
northeasterly along Little Sandy Creek. The complex pattern of volcanic
rocks west of the Wisconsin River suggests that the succession has been
repeated by faulting (or folding) in that area as well.

In addition to the large—scale folding and faulting, the volcanic rocks
have been extensively segmented and disrupted by intrusions. However, the
general sequence of volcanic rocks in roof pendants is consistent with the
broad pattern outlined above. This suggests that the intrusions have engulfed
the rocks without extensively altering the general fold pattern.

Faulting. The Middle Precambrian volcanic-plutonic complex in Marathon
County is bounded on all sides by major zones of cataclastic rocks (Figure 8).
A zone of cataclastic rocks 1-5 km wide extends from the northeast corner of
the county southwest down the Eau Claire River and Little Eau Claire River
Valleys about 61 km to Lake DuBay near the south edge of the county. There
it curves northwesterly and continues northwest up the Eau Pleine River Valley
about 32 km to Stratford where it curves southwest again toward Neillsville.
Thus, the zone makes a large sygmoid curve that has been traced for over
120 km. The Wolf River Batholith lies east of and has locally metamorphosed
the defoned rocks. A complex area of gneisses, migmatites and amphibolites
(and local low—grade metamorphic rocks) lie south of the segment along the
Eau Pleine River. At least five ultramafic bodies occur along this belt of
cataclastic rocks.

A similar broad zone of cataclastic rocks extends in a southwesterly
direction along the northern edge of the volcanic-plutonic terrane in Marathon
County. It, too, separates gneisses, inigmatites, and amphibolites on the north
from the low-grade rocks to the south. The fault zone has been traced from
near Merrill southwest through Athens to Milan where foliation curves in a
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volcanic rocks, and the  massive nature and broken surfaces of most outcrops 
and/or fo l ia t ion  prevents determination of the  dip and s t r i k e  of the layering. 
Minor folds were observed in a few widely scattered locations,  and in d i f fe ren t  
roof pendants, so t h e i r  significance regarding pre-intrusive folding i s  
uncertain. Pillow lavas a re  widely dis t r ibuted,  b u t  top determinations can 
be made only a t  two l o c a l i t i e s .  The other pillow occurrences a re  a l l  f ro s t -  
heaved blocks, o r  boulders picked from f i e ld s  and piled by area farmers. 

The general d is t r ibut ion of volcanic rocks i n  Marathon County, however, 
may be the r e su l t  of a large synclinal fold.  In the  eastern par t  of the  
county basal ts  a r e  more abundant t o  the  southeast (near Ringle) (Figure 2) 
w i t h  an increase in  intermediate and f e l s i c  rocks toward Wausau. Rhyolites 
predominate a t  Wausau. North and northwest of Wausau intermediate and mafic 
rocks again predominate. West of Wausau pillow lavas exposed along Artus 
Creek (NEk, NWk, Sec. 29, T.29N., R.6E.) indicate tops t o  the  southeast ,  
suggesting t ha t  the  basalts  d i p  beneath the  rhyol i tes  in the Wausau area .  
Assuming tha t  the  basalts  underlie the  rhyol i tes ,  the  d i s t r ibu t ion  of volcanic 
rocks suggests a northeast-trending synclinal s t ructure  w i t h  i t s  axis 
approximately a t  Wausau. However, the mafic t o  f e l s i c  sequence appears t o  
have been duplicated a t  l e a s t  twice by fau l t ing  southeast of Wausau. One 
proposed f a u l t  i s  paral le l  t o  and approximately 1 .5  km west of the  Eau Claire 
River, juxtaposing basal ts  on the  west w i t h  rhyol i tes  on the ea s t .  The sequence 
also appears t o  be repeated along a f a u l t  zone extending from Rothschild 
northeasterly along L i t t l e  Sandy Creek. The complex pattern of volcanic 
rocks west of the  Wisconsin River suggests t h a t  the  succession has been 
repeated by faul t ing (or  folding) i n  t h a t  area a s  well.  

In addition t o  the  large-scale folding and fau l t ing ,  the  volcanic rocks 
have been extensively segmented and disrupted by int rusions .  However, the 
general sequence of volcanic rocks in roof pendants i s  consistent  w i t h  the  
broad pattern outlined above. This suggests t h a t  the  intrusions have engulfed 
the rocks without extensively a l t e r i ng  the  general fold pattern.  

Faulting. The Middle Precambrian vol canic-pl utonic complex i n  Marathon 
County i s  bounded on a l l  s ides by major zones of ca t ac l a s t i c  rocks (Figure 8 ) .  
A zone of ca tac las t ic  rocks 1-5 km wide extends from the northeast corner of 
the county southwest down the Eau Claire River and L i t t l e  Eau Claire River 
Valleys about 61 km t o  Lake DuBay near the  south edge of the county. There 
i t  curves northwesterly and continues northwest up  the Eau Pleine River Valley 
about 32 km t o  Stra t ford where i t  curves southwest again toward Neil 1 svi 11 e .  
Thus, the zone makes a large sygmoid curve t h a t  has been traced f o r  over 
120 km. The Wolf River Batholith l i e s  e a s t  of and has local ly  metamorphosed 
the deformed rocks. A complex area of gnei sses ,  migmati t es  and amphi bol i t e s  
(and local low-grade metamorphic rocks) l i e  south of the  segment along the 
Eau Pleine River. A t  l e a s t  f ive  ul tramafic bodies occur along t h i s  be1 t of 
ca tac las t ic  rocks. 

A s imilar broad zone of ca tac las t ic  rocks extends in a southwesterly 
direction along the northern edge of the volcanic-plutonic terrane in Marathon 
County. I t ,  too, separates gneisses, migmatites, and amphibolites on the north 
from the low-grade rocks t o  the south. The f a u l t  zone has been traced from 
near Merrill southwest through Athens t o  Milan where fo~l ia t ion  curves in a 



I GREENSCYIST

RIVER

F

-

—.
I — t

I

GOODRICH sr MERRILL• _€.
I ANTIGO

MEDEORDS - !J-!r '#

I i/I,
SNEISS

I

. _....;.>GRtENSCNISt..:/Yv WOLF.r sir—-—-—-— —J
r , 61.M.

AND (::.;:::c:::::::. .' WAU$AU:::LNj,tt44A< N

/' '4.4 — # Iso.

. -, :: :4'"RhI/ER c > ''I Cl . ICA4 . 414AMPH/BOLITff FAdES •'21- ' (* _',-
25 •GREENWODD ROZELLVILLE 2. .224; A L

> . .z t I->
I — zo• '— •- - -
I

N MARSAFIELD
I /pATwoLITH.n i<'<

1 I
I 4v,',A 1,41)b

I—
I 4r. ,,'P p. J7<v1

NEILLsvILLg •poINT
PITTSvILLE - s c ',aj7.N

— —.--— — — — -- S WISCONSINT C71j
o KM 30

RAPIDS
:

Figure 8. Simplified map of structural relationships in central
Wisconsin showing the orientation of linear features in the
gneissic rocks and low grade metamorphic rocks. Boundary faults
are shown in dashed lines. Outliers of greenschist facies
volcanic rocks are widely distributed in the areas labelled
gneiss and amphibolite.

more southerly direction. Several ultramafic bodies also occur along this
northern zone of cataclastic rocks. Cataclastic foliation in southwestern
Marathon County strikes nearly north—south, suggesting that the two major
bounding fault zones may join near the southwest corner of the county.
However, the combination of glacial and Paleozoic cover effectively masks the
Precambrian in that area. Gneisses, some of them migmatitic, are exposed at
Greenwood, approximately 22 km west of the low-grade rocks at the western
edge of Marathon County. This suggests that the low grade rocks do not
extend to the west. These two major cataclastic zones coincide with aero—
magnetic and gravity lineaments. Magnetic lows and local highs parallel
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Figure 8. S i m p l i f i e d  map o f  s t r u c t u r a l  r e l a t i o n s h i p s  i n  c e n t r a l  
Wisconsin showing the  o r i e n t a t i o n  o f  1 i nea r  fea tures  i n  the  
gne iss ic  rocks and low grade metamorphic rocks. Boundary f a u l t s  
a re  shown i n  dashed l i n e s .  O u t l i e r s  o f  greenschist  f a c i e s  
volcanic rocks are  w ide ly  d i s t r i b u t e d  i n  t h e  areas l a b e l  l e d  
gneiss and amphi bol  i t e .  

more sou the r l y  d i r e c t i o n .  Several u l  t r ama f i c  bodies a l s o  occur along t h i s  
nor thern  zone o f  c a t a c l a s t i c  rocks. Ca tac las t i c  f o l i a t i o n  i n  southwestern 
Marathon County s t r i k e s  nea r l y  north-south, suggest ing t h a t  t h e  two major 
bounding f a u l t  zones may j o i n  near t h e  southwest corner  o f  t h e  county. 
However, the  combinat ion o f  g l a c i a l  and Paleozoic cover e f f e c t i v e l y  masks t h e  
Precambrian i n  t h a t  area. Gneisses, some o f  them migmat i t i c ,  a re  exposed a t  
Greenwood, approximately 22 km west o f  t h e  low-grade rocks a t  the western 
edge o f  Marathon County. Th is  suggests t h a t  t h e  low grade rocks do n o t  
extend t o  the  west. These two major c a t a c l a s t i c  zones co inc ide  w i t h  aero- 
magnetic and g r a v i t y  l ineaments. Magnetic lows and l o c a l  highs p a r a l l e l  



the structures (Figure 9). The northern cataclastic zone separates a
prominent gravity low (over Marathon County) from significantly higher
gravity values over the gneisses, suggesting that the structures involve
considerable thickness of crust.

In addition to the major boundary fault zone numerous cataclastic zones
are present within the volcanic—plutonic terrane, Their trend is parallel to
the major bounding faults. The zones range up to several km wide and consist
of branching and recombining zones of intensely deformed rocks, including
mylonites, within a broader zone of less deformed rocks.

Cataclastic zones cut the gneissic rocks at Goodrich Dells on the Rib
River (Elizabeth Palmer, verbal communication, 1979). Thus, cataclasis in
the gneisses is not restricted to the boundary fault zones. It appears to
be present in numerous zones throughout the area, cutting greenschist facies
volcanics, plutons and gneisses. Therefore, recognition and an understanding
of cataclastic rocks are important to understanding the structural and tectonic
history of central Wisconsin.

Cataclastic rocks have a superficial resemblance to regionally metamorphosed
rocks, for which they are often mistaken. They differ in several important ways:
(1) they have a linear distribution and cut non—deformed rocks; (2) they grade
across strike into rocks that are not cataclastically deformed, numerous
examples of which are present in Marathon County; (3) they possess a weak to
prominent foliation and lineation; (4) they are markedly inequigranular with
shattered grains, and some rocks show recrystallization of the fine matrix.

The cataclastic zones typically consist of a network of braided zones of
intense cataclasis several mm to many meters wide bordering lens-shaped pods
of relatively undeformed rock. Therefore, there is a wide disparity in
the degree of cataclasis over short distances along and across the zones.
The lensoidal pattern is present on all scales from thin section to map
units. The cataclastic zones cross plutonic and volcanic rocks alike, with
the result that an extremely wide variety of cataclastic rocks have been
produced. A brief description of the major rock types mapped is presented
here.

Flaser gneiss is a medium to coarse grained rock with foliation produced
by the cataclastic degradation of plutonic rocks. It is characterized
mesoscopically by a pervasive lensoidal structure produced by intersecting
shear planes (Figure 10). Microscopically, the rock is markedly inequigranular
with relatively undeformed porphyroclasts of feldspar and quartz in a fine
grained matrix of crushed material Individual fragments tend to be crushed
and boudinaged, with larger fragments typically assuming a lensoidal shape
(Figure 11). Biotite, chlorite, epidote, and magnetite formed during
cataclasis are concentrated along braided surfaces that intersect at angles
of 10—30 degrees. This imparts a streaky appearance to the rocks. Lineation
due to elongation of mineral grains is common in the plane of foliation.
Flaser gneiss grades on one hand into undeformed plutonic rocks, and with
continued cataclasis into mylonite or phyllonite.
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the s t ructures  (Figure 9 ) .  The northern ca t ac l a s t i c  zone separates a 
prominent gravity low (over Marathon County) from si.gnificant1y higher 
gravity values over the gneisses, suggesting t ha t  the  s t ructures  involve 
considerable thickness of c rus t .  

In addition to the  major boundary f a u l t  zone numerous ca tac las t ic  zones 
a re  present w i t h i n  the  volcanic-plutonic terrane.  Their trend i s  paral le l  t o  
the major bounding f au l t s .  The zones range u p  t o  several km wide and consis t  
of branching and recombining zones of intensely deformed rocks, including 
mylonites, w i t h i n  a  broader zone of l e s s  deformed rocks. 

Cataclastic zones cu t  the gneissic rocks a t  Goodrich Dells on the  Rib 
River (Elizabeth Palmer, verbal conimunication, 1979). Thus, ca tac las i s  in 
the gneisses i s  not res t r ic ted  to the  boundary f a u l t  zones. I t  appears t o  
be present i n  numerous zones throughout the  area,  cut t ing greenschist facies  
volcanics, plutons and gneisses. Therefore, recognition and an understanding 
of ca tac las t ic  rocks a r e  important t o  understanding the  s t ructural  and tectonic  
history of central  Wisconsin. 

Cataclastic rocks have a superficial  resemblance t o  regionally metamorphosed 
rocks, fo r  which they a re  often mistaken. They d i f f e r  i n  several important ways: 
(1 )  they have a l inear  dis t r ibut ion and cu t  non-deformed rocks; ( 2 )  they grade 
across s t r i k e  in to  rocks t h a t  a r e  not ca tac las t ica l l  deformed, numerous 
examples of which are present i n  Marathon County; ( 3  7 they possess a weak to 
prominent fo l ia t ion  and l ineat ion;  ( 4 )  they a re  markedly inequigranular with 
shattered grains,  and some rocks show recrys ta l l i za t ion  of the  f i ne  matrix. 

The ca tac las t ic  zones typical ly  consis t  of a network of braided zones of 
intense ca tac las i s  several m to  many meters wide bordering lens-shaped pods 
of re la t ive ly  undeformed rock. Therefore, there i s  a wide d i spar i ty  in 
the degree of cataclas is  over shor t  distances along and across the  zones. 
The lensoidal pattern i s  present on a l l  scales from t h i n  section t o  map 
units .  The ca tac las t ic  zones cross plutonic and volcanic rocks a l i k e ,  with 
the r e su l t  t h a t  an extremely wide variety of ca t ac l a s t i c  rocks have been 
produced. A brief  description of the  major rock types mapped i s  presented 
here. 

Flaser gneiss i s  a medium to  coarse grained rock w i t h  fo l ia t ion  produced 
by the ca tac las t ic  degradation of plutonic rocks. I t  i s  characterized 
mesoscopically by a pervasive lensoidal s t ructure  produced by intersect ing 
shear planes (Figure 10).  Microscopically, the rock i s  markedly inequigranular 
with re la t ive ly  undeformed porphyroclasts of feldspar and quartz i n  a  f i ne  
grained matrix of crushed material . Individual fragments tend to  be crushed 
and boudinaged, with larger  fragments typical ly  assuming a lensoidal shape 
(Figure 11 ) . Biot i te ,  ch lo r i t e ,  epidote, and magnetite formed during 
cataclas is  a r e  concentrated along braided surfaces t ha t  in te rsec t  a t  angles 
of 10-30 degrees. This imparts a streaky appearance t o  the rocks. Lineation 
due t o  elongation of mineral grains i s  common in the plane of fo l ia t ion .  
Flaser gneiss grades on one hand into  undeformed plutonic rocks, and w i t h  
continued cataclas is  in to  mylonite o r  phyllonite. 



Figure 9. Photograph of the aeromagnetic map of central Wisconsin.
Note the coincidence of the major boundary faults (dashed white
lines) with aeromagnetic lineaments. Note also the distinctive
magnetic pattern of that portion of Marathon County enclosed within
the dashed lines. (Magnetic data from Karl, 1973—75.)
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Figure 9.  Photograph of the aeromagnetic map of central  Wisconsin. 
Note the  coincidence of the major boundary f au l t s  (dashed white 
l i ne s )  w i t h  aeromagnetic 1 ineaments. Note a l so  the  d i s t i nc t i ve  
magnetic pattern of t ha t  portion of Marathon County enclosed within 
the dashed l i ne s .  (Magnetic data from Karl, 1973-75.) 



Figure 10. Quartz monzonite flaser gneiss showing typical lensoidal
structure produced by intersecting shear planes.

Figure 11. Photomicrograph of a typical flaser gneiss showing the
fractured porphyroclasts, matrix and lensoidal structure.
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Figure 10. Quartz monzoni t e  f l a s e r  gneiss showing typical lensoidal 
s t ructure  produced by intersecting shear planes. 

Figure 11. Photomicrograph of a typical f l a se r  gneiss showing the 
fractured porphyroclasts, matrix and lensoidal s t ruc ture .  
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Mylonite is typically a flinty, laminated rock (Figures 12 and 13)
consisting mainly of finely crushed material (Figure 14), and may be
compositionally banded. Like flaser gneiss, mylonite is very inequigranular,
but has a greater percentage of crushed matrix. Foliation surfaces are
closely spaced and typically intersect at less than 10 degrees, Streaky
lineation in the direction of tectonic transport is produced by "trains" of
fine grained minerals in the plane of cataclastic foliation. Detached fold
axes and intrafolial folds within mylonites indicate local folding.
Polygonization and increase in grain size of the fine matrix indicates
recrystallization of mylonites locally. While the parent rock for most
flaser gneisses can be determined, the protolith for mylonites is much more
difficult to ascertain (Figure 15). Mylonites in Marathon County have been
derived from a wide variety of volcanic and plutonic rocks. Whereas felsic
mylonite is comonly a hard, flinty rock owing to its high silica content,
mylonite derived from intermediate and mafic rocks tends to be more chloritic
and schistose. Felsic and intermediate to mafic mylonites are commonly
intercalated.

Deformed Volcanic Rocks. Volcanic rocks react differently to stress
than do plutonic rocks. Indeed, the literature on deformed volcanic rocks is
extremely vague and meagre. The presence of a wide variety of volcanic rocks
interspersed with cataclastically deformed plutonic rocks in Marathon County
provides an excellent opportunity to compare features in deformed volcanic
and plutonic rocks. Most of the deformed volcanic rocks are strongly
foliated due to the extensive development of layer silicates. Felsic volcanic
rocks tend to be sericitic whereas intermediate and mafic rocks are chloritic.
In some rhyolites the phenocrysts are rotated into the plane of foliation and
boudinaged (Figure 16). Deformation of rhyolitic tuffs results in flattening
and/or elongation of the volcanic fragments (Figure 17). In some rhyolites
the strain appears to have been taken up by recrystallization and flowage of
the matrix, leaving relatively euhedral phenocrysts in a highly foliated
sericitic matrix. Evidently the nature of the pre—existing volcanic rock
(e.g. a tuff vs. a lava flow, or a porphyritic vs. a non-porphyritic rock)
affects the behavior of the rock during deformation. Deformation of
fragmental andesites has produced spectacular examples of elongated fragments.
In some areas the long dimension is 10 times the cross-sectional diameter of
the lineated fragments. Boudinaged hornblende and plagioclase phenocrysts
accompany the lineated fragments in several localities, suggesting dislocation
rather than simple flattening.

Minor Structure. Mesoscopic structures are widespread in Precambrian
rocks in central Wisconsin, and their pattern is informative regarding the
structure of the area. Reconnaissance mapping north, west and south of
Marathon County (in Lincoln, Taylor, Clark, Wood, and Portage Counties) and
farther west in Chippewa and Eau Claire Counties (Myers, 1974, 1978, and this
conference) disclose a consistent pattern of linear features in gneissic rocks
in central Wisconsin. Axes of minor folds, mineral lineations and elongation
of mafic xenoliths(?) plunge at a relatively low angle to the west in most
of the gneissic rocks (Figure 8). In gneisses in and near Marathon County,
fold axes and lineations plunge west at 30-40° in the plane of the foliation.
Maass and Medaris (1977) interpret these to be Middle Precambrian (Penokean)
structures. Lineations in the gneisses steepen to near vertical near the
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Mylonite i s  typical ly  a f l i n t y ,  laminated rock (Figures 12 and 13) 
consist ing mainly of f inely  crushed material (Figure 141, and may be 
compos~tional l y  banded. Like f l a se r  gneiss, mylonite i s  very inequigranular, 
b u t  has a greater percentage of crushed matrix. Foliation surfaces a re  
closely spaced and typical ly  in te rsec t  a t  l e s s  than 10 degrees. Streaky 
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f ine  grained minerals i n  the plane of ca t ac l a s t i c  fo l i a t i on .  Detached fold 
axes and in t r a fo l i a l  folds w i t h i n  mylonites indicate local folding. 
Polygonization and increase i n  grain s i ze  of the  f i n e  matrix indicates 
recrysta l l izat ion of mylonjtes loca l ly .  While the parent rock for  most 
f l a se r  gneisses can be determined, the protol i th  fo r  mylonites i s  much more 
d i f f i c u l t  t o  ascertain (Figure 15 ) .  Mylonites i n  Marathon County have been 
derived from a wide variety of volcanic and plutonic rocks. Whereas f e l s i c  
mylonite i s  comonly a hard, f l i n t y  rock owing t o  i ts  high s i l i c a  content, 
mylonite derived from intermediate and mafic rocks tends t o  be more c h l o r i t i c  
and schistose.  Felsic and intermediate t o  mafic mylonites a re  comonly 
intercala ted.  

Deformed Volcanic Rocks. Volcanic rocks react  d i f fe ren t ly  t o  s t r e s s  
than do plutonic rocksa Indeed, the  l i t e r a t u r e  on deformed volcanic rocks i s  
extremely vague and meagre. The presence of a wide var ie ty  of volcanic rocks 
interspersed w i t h  ca tac las t ica l ly  deformed plutonic rocks i n  Marathon County 
provides an excellent  opportunity t o  compare features i n  deformed volcanic 
and plutonic rocks. Most of the  deformed volcanic rocks a re  strongly 
fo l ia ted  due t o  the  extensive development of layer s i l i c a t e s .  Felsic volcanic 
rocks tend to  be s e r i c i t i c  whereas intermediate and mafic rocks a re  c h l o r i t i c .  
In some rhyol i tes  the  phenocrysts a r e  rotated i n to  the  plane of fo l ia t ion  and 
boudinaged (Figure 16) .  Oe fomt ion  of rhyol i t i c  t u f f s  r e su l t s  i n  f l a t t en ing  
and/or elongation of the  volcanic fragments (Figure 17) .  In some rhyol i tes  
the s t r a i n  appears t o  have been taken u p  by recrys ta l l i za t ion  and flowage of 
the matrix, leaving re la t ive ly  euhedral phenocrysts i n  a highly fol fated 
s e r i c i t i c  matrix. Evidently the  nature of the  pre-existing volcanic rock 
(*a tu f f  vs. a lava flow, or  a porphyritic vs. a non-porphyritic rock) 
a f f ec t s  the behavior of the  rock during deformation. Oeformation of 
fragmental andesi t e s  has produced spectacular examples of el ongated fragments. 
In some areas the  long dimension i s  10 times the  cross-sectional diameter of 
the l ineated fragments. Boudinaged hornblende and plagioclase phenocrysts 
accompany the 1 ineated fragments in several l o c a l i t i e s ,  suggesting dislocation 
rather than simple f la t t en ing .  

Minor Structure.  Mesoscopic s t ructures  a r e  widespread i n  Precambrian 
rocks in central  Wisconsin, and t h e i r  pattern i s  informative regarding the  
s t ructure  of the area. Reconnaissance mapping north, west and south of 
Marathon County ( i n  Lincoln, Taylor, Clark, Wood, and Portage Counties) and 
f a r the r  west i n  Chippewa and Eau Claire Counties (Myers, 1974, 1978, and t h i s  
conference) disclose  a consistent  pattern of l i nea r  features i n  gneissic rocks 
in central  Wisconsin. Axes of minor fo lds ,  mineral l ineat ions  and elongation 
of mafic xenol i ths(?)  plunge a t  a re la t ive ly  low angle t o  the  west in most 
of the gneissic rocks (Figure 8 ) .  In gneisses i n  and near Marathon County, 
fold axes and l ineat ions  plunge west a t  30-40Â i n  the plane of the fo l ia t ion .  
Maass and Medaris (1977) in te rpre t  these t o  be Middle Precambrian (Penokean) 
s t ruc tures .  Lineations in the  gneisses steepen to  near ver t ical  near the  



Figure 12. Outcrop of rnylonite about 1.6 km southwest of Athens
along the boundary between the gneisses and greenschist facies rocks.

Figure 13. Photograph of myloni
lensoidal character.

te showing the typical streaky and
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Figure  12. Outcrop o f  my lon i te  about 1.6 km southwest o f  Athens 
a long the boundary between t h e  gneisses and greensch is t  f a c i e s  rocks.  

F igure  13. Photograph o f  my lon i t e  showing the  t y p i c a l  s t reaky  and 
l enso ida l  charac ter .  
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Figure 14a. Photomicrograph of typical mylonite from Marathon
County showing the abundance of fine material and the close
spacing of shear planes.

Figure 14b. Photomicrograph of typical mylonite from the Brevard
Zone in the southern Appalachians.
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Figure 14a. Photomicrograph of typical mylonite from Marathon 
County showing the  abundance of f i n e  material and the  close 
spacing of shear planes. 

Figure 14b. Photomicrograph of typical mylonite from the Brevard 
Zone i n  the southern Appalachians. 
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Figure 15. Photographs showing the progressive cataclastic
degradation from an undefonited granite (top) to mylonite (center)
to ultramylonite (bottom). The protolith for the mylonite can be
established where the transition is exposed.
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gure 15. Photographs showing the progressive ca tac las t ic  
!gradation from an undefomed grani te  ( top)  t o  mylonite (cent(  
I ultramylonite (bottom). The protol i th  fo r  the  mylonite can 
itablished where the t rans i t ion  i s  exposed. 
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Figure 16. Deformed felsic volcanic rocks showing a foliated
sericitic matrix and boudinaged phenocrysts that have been rotated
into the plane of foliation. Note the crenulation folds in the
matrix of the lower photograph.
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Figure 16. Deformed f e l s i c  volcanic rocks showing a fo l ia ted  
s e r i c i t i c  matrix and boudinaged phenocrysts t ha t  have been rotated 
into  the plane of fo l i a t i on .  Note the  crenulation folds i n  the 
matrix of the lower photograph. 
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Figure 17. Photographs of felsic tuff showing the elongation of
deformed fragments. Upper photo is undefornied tuff with angular,
equant clasts. Lower photo shows typical lenticular longitudinal
section in a deformed tuff.
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Figure 17. Photographs o f  f e l s i c  t u f f  showing the  e longat ion  o f  
deformed fragments. Upper photo i s  undeformed t u f f  w i t h  angular,  
equant c l a s t s .  Lower photo shows t y p i c a l  l e n t i c u l a r  l o n g i t u d i n a l  
sec t i on  i n  a deformed t u f f .  



major boundary fault zones where the gneisses are in contact with greenschist
facies volcanic-plutonic rocks in Marathon County.

Lineations are also present in the deformed volcanic and plutonic rocks.
Elongated clasts and boudinaged phenocrysts plunge east at 5Q° or steeper in
most of the volcanic pendants. Several minor fold axes also plunge steeply
east to nearly vertical . Lineations including streaking and elongation of
minerals and xenoliths are also present in many plutonic rocks. Boudinaged
quartz veins occur in both volcanic and plutonic rocks. Most measured lineations
in plutonic rock are nearly vertical ; however, some with a steep easterly
dip were recorded. Crenulation folds are locally present, indicating multiple
deformation. Westerly dipping lineations are conspicuously absent in the
low-grade rocks. Thus, the orientation of minor structures suggests that the
two terranes have different structural histories.

Furthermore, Myers (1978) shows isolated patches of volcanic rocks and
volcanogenic sediments lying unconformably on the amphibolite facies rocks
along the Eau Claire River in eastern Eau Claire and western Clark Counties.
(Note that this is a different Eau Claire River than the one in eastern Marathon
County.) The unconformity between the amphibolite facies gneisses and green—
schist facies volcanogenic rocks has been folded about an axis that plunges
3Qo east (Myers, 1978). This indicates that the low-grade rocks were deposited
on a basement of amphibolite facies rocks. Furthermore, it argues against
the suggestion by Maass and Medaris (1977) that the amphibolite facies rocks
are simply more highly metamorphosed equivalents of the greenschist facies
rocks in Marathon County.

While the minor structures in the volcanic—plutonic terrane have a
different orientation than those in the surrounding high—grade rocks, the
nature of the deformation within the low-grade rocks must be considered.
For example, the deformation in the volcanic-plutonic terrane may be due to
(1) emplacement of the plutonic rocks, or (2) deformation later than, and not
necessarily related to, the plutonic activity. If the deformation is related
to emplacement of the plutonic rocks, cataclasis around each intrusion should
be related spatially and in orientation to that pluton. Foliation trends may
be expected to "wrap around" the plutons. If the deformation is not related
to the plutonic activity, the deformation would be through—going and have a
consistent pattern throughout the terrane.

Strike and dip of numerous cataclastic zones within the volcanic—plutonic
terrane are similar to those of the major boundary faults. Cataclastic zones
with a consistent trend cut volcanic and plutonic rocks alike. A pervasive
cataclastic foliation with a consistent regional trend (east or northeast) is
present in most of the Middle Precambrian plutons in Marathon County. The
absence of pervasive cataclastic foliation in Late Precambrian plutons is a
major distinction between them and Middle Precambrian rocks.

The age of the deformation is difficult to establish. However, a general
pattern of deformation and intrusion was recognized by LaBerge (1976), in
which the oldest plutons (quartz diorites) typically are more intensely
deformed than quartz monzonites that intrude them. Granitic plutons are
generally less cataclastically deformed than quartz monzonites, and in places
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major boundary f a u l t  zones where the gneisses are  i n  contact w i t h  greenschist 
facies  volcanic-plutonic rocks in Marathon County. 

Lineations are  a lso present i n  the  deformed volcanic and plutonic rocks. 
Elongated c l a s t s  and boudinaged phenocrysts plunge eas t  a t  50Â or  steeper i n  
most of the volcanic pendants. Several minor fold axes a lso plunge steeply 
eas t  to  nearly ver t ica l .  Lineations including streaking and elongation of 
minerals and xenoliths are  a lso present i n  many plutonic rocks. Boudinaged 
quartz veins occur i n  both volcanic and plutonic rocks. Most measured l ineations 
in plutonic rock are  nearly ve r t i ca l ;  however, some w i t h  a steep easter ly  
dip were recorded. Crenulation folds a r e  local ly  present, indicating multiple 
deformation. Westerly dipping 1 ineations are  conspicuously absent i n  the 
low-grade rocks. Thus, the  orientation of minor s t ructures  suggests tha t  the  
two terranes have d i f fe ren t  structural  his tor ies .  

Furthermore, Myers (1978) shows isolated patches of volcanic rocks and 
volcanogenic sediments lying unconformably on the amphibolite facies  rocks 
along the Eau Claire River i n  eastern Eau Claire and western Clark Counties. 
(Note t ha t  t h i s  i s  a d i f fe ren t  Eau Claire River than the one i n  eastern Marathon 
County. ) The unconformi ty  between the amphi bol i t e  facies  gneisses and green- 
s ch i s t  facies  volcanogenic rocks has been folded about an axis t ha t  plunges 
30Â eas t  (Myers, 1978). This indicates t h a t  the  low-grade rocks were deposited 
on a basement of amphibolite facies rocks. Furthermore, i t  argues a a in s t  

---k the suggestion by Maass and Medaris (1977) t ha t  the amphibolite facies  roc s 
are  simply more highly metamorphosed equivalents of the greenschist facies  
rocks in Marathon County. 

While the minor s t ructures  i n  the  volcanic-plutonic terrane have a 
d i f fe ren t  orientation than those i n  the surrounding high-grade rocks, the 
nature of the deformation w i t h i n  the low-grade rocks must be considered. 
For example, the  deformation i n  the volcanic-plutonic terrane may be due to  
(1)  emplacement of the plutonic rocks, o r  ( 2 )  deformation l a t e r  than, and not 
necessarily related t o ,  the plutonic ac t iv i ty .  I f  the deformation i s  related 
to  emplacement of the plutonic rocks, ca tac las i s  around each intrusion should 
be re la ted spa t ia l ly  and in orientation t o  t ha t  pluton. Foliation trends may 
be expected to  "wrap around" the plutons. I f  the  deformation i s  not re la ted 
to the plutonic ac t iv i ty ,  the deformation would be through-going and have a 
consistent pattern throughout the terrane.  

Str ike and dip of numerous ca tac las t ic  zones within the volcanic-plutonic 
terrane are  similar t o  those of the  major boundary f au l t s .  Cataclastic zones 
with a consistent trend cut  volcanic and plutonic rocks a l i ke .  A pervasive 
ca tac las t ic  fo l ia t ion  w i t h  a consistent regional trend ( eas t  o r  northeast) i s  
present i n  most of the Middle Precambrian plutons i n  Marathon County. The 
absence of pervasive ca tac las t ic  fo l ia t ion  in Late Precambrian plutons i s  a 
major dis t inct ion between them and Middle Precambrian rocks. 

The age of the deformation i s  d i f f i c u l t  t o  es tab l i sh .  However, a general 
pattern of deformation and intrusion was recognized by LaBerge (1976), i n  
which the oldest  plutons (quartz diori  t e s )  typical ly  a r e  more intensely 
deformed than quartz monzonites t ha t  intrude them. Granitic plutons are  
generally less  ca tac las t ica l ly  deformed than quartz monzonites, and i n  places 



(Figure 7) truncate cataclastic foliation in quartz monzonites. In eastern
Marathon County a cataclastic foliation in 1900 m.y. old (Van Schmus, 1975)
rhyolite is truncated by the 1850 m.y. old (Van Schmus, 1976) Kalinke quartz
monzonite. The western margin of the pluton is not foliated, but the eastern
margin is extensively foliated along the Eau Claire River shear zone. South-
east of Wausau granitic plutons cut the cataclastic foliation in a similar
foliated quartz monzonite. Similar relationships throughout the county suggest
that deformation occurred over an extended period of time, and intrusions were
emplaced during this time. The cataclastic rocks of the Eau Claire River zone
were metamorphosed by the 1500 m.y. old (Van Schmus and others, 1973) Wolf
River Batholith. A 1.5 km wide zone of cataclasis within the Wolf River
Batholith along the Little Eau Claire River suggests subsequent deformation of
the batholith as well. Since the Eau Claire River zone is parallel to other
cataclastic zones as much as 36 km west of the Wolf River Batholith, it is
unlikely that significant cataclastic deformation was produced by emplacement
of that batholith.

Thus, I believe the deformation within the volcanic-plutonic terrane is
a tectonic event contemporaneous with but not necessarily related to emplacement
of the plutons. The consistent orientation of minor structures suggests that
it is a regional orogenic deformation that pre-dates emplacement of the Wolf
River Batholith. This deformation does not appear to be restricted to Marathon
County, for lineations in greenschist facies volcanic rocks exposed along the
Jump River in northwestern Taylor County (40 km NW of Athens) also dip steeply
to the east. Mudrey (1979, written comunication) also recorded east-plunging
lineations in volcanic rocks near Monico in Oneida County. This is similar
to the lineations in Marathon County but distinctly different from the shallow
westerly dip of lineations in the intervening gneissic rocks. Therefore, it
appears to have regional significance in this part of the Lake Superior region.

Xenoliths in some intrusions also have a bearing on the possible age of
the gneissic rocks. Biotite schist and quartzite, mixed in various proportions
with volcanic and mafic and ultramafic intrusive rocks, occur as xenoliths in
the Wausau Syenite and less abundantly in other plutons. Quartzite inclusions
are restricted to the 1500 m.y. old (Van Schmus, 1976) Wausau Syenite complex.
A quartzite xenolith in quartz syenite 3.2 km northwest of Wausau (5E¼, SW¼,
Sec. 21, T.29N., R.7E.) contains up to 12 percent sillimanite. Xenoliths of
volcanic and plutonic rocks in thesame intrusion are virtually unmetamorphosed,
suggesting that the sillimanite may have been produced by an earlier metamorphic
event, and not by contact metamorphism by the syenite. This suggests an upward
transport of the quartzite from a high-grade metamorphic terrane at depth,
perhaps the basement on which the volcanic rocks were deposited. The absence
of quartzite xenoliths in older (1850 m.y. old) plutons suggests either a
very restricted occurrence of the quartzite in the basement or that the
quartzite is younger than the 1850 m.y. old plutons and was intruded only by
the syenite. In the latter case, quartzite would represent foundered blocks
from above and the sillimanite would necessarily be the result of contact
metamorphism by the syenite. However, it seems unlikely that quartzite (with
a specific gravity of 2.7) would sink in a magma that carried ultramafic
xenoliths (with a specific gravity of about 3.4) upward. Therefore, I favor
the interpretation that the sillimanite-bearing quartzite was carried upward
from a high—grade metamorphic basement although I recognize that an alternative
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(F igure  7) t runcate  c a t a c l a s t i c  f o l i a t i o n  i n  quar tz  monzonites. I n  eastern 
Marathon County a  c a t a c l a s t i c  f o l i a t i o n  i n  1900 m.y. o l d  (Van Schmus, 1975) 
r h y o l i t e  i s  t runcated by the 1850 m.y. o l d  (Van Schmus, 1976) Kal inke quar tz  
monzonite. The western margin o f  t h e  p lu ton  i s  n o t  f o l i a t e d ,  bu t  the  eastern 
margin i s  ex tens i ve l y  f o l i a t e d  along t h e  Eau C l a i r e  R iver  shear zone. South- 
eas t  o f  Wausau g r a n i t i c  p lutons c u t  t h e  c a t a c l a s t i c  f o l i a t i o n  i n  a  s i m i l a r  
f o l i a t e d  quar tz  monzonite. S i m i l a r  r e l a t i o n s h i p s  throughout t h e  county suggest 
t h a t  deformation occurred over an extended pe r iod  o f  time, and i n t r u s i o n s  were 
emplaced du r ing  t h i s  t ime. The c a t a c l a s t i c  rocks o f  t h e  Eau C l a i r e  R ive r  zone 
were metamorphosed by t h e  1500 m.y. o l d  (Van Schmus and others, 1973) Wolf 
R iver  B a t h o l i t h .  A 1.5 km wide zone o f  c a t a c l a s i s  w i t h i n  t h e  Wolf R iver  
B a t h o l i t h  along the  L i t t l e  Eau C l a i r e  R ive r  suggests subsequent deformation o f  
the b a t h o l i t h  as w e l l .  Since the  Eau C l a i r e  R ive r  zone i s  p a r a l l e l  t o  o the r  
c a t a c l a s t i c  zones as much as 36 km west o f  t h e  Wolf River  B a t h o l i t h ,  i t  i s  
u n l i k e l y  t h a t  s i g n i f i c a n t  c a t a c l a s t i c  deformation was produced by emplacement 
o f  t h a t  b a t h o l i t h .  

Thus, I be l ieve  t h e  deformation w i t h i n  t h e  vo l can ic -p lu ton i c  t e r rane  i s  
a  tec ton i c  event contemporaneous w i t h  bu t  n o t  necessar i l y  r e l a t e d  t o  emplacement 
o f  the p lu tons .  The cons is ten t  o r i e n t a t i o n  o f  minor s t ruc tu res  suggests t h a t  
i t  i s  a  reg iona l  orogenic deformation t h a t  pre-dates emplacement o f  t h e  Wolf  
River  Ba tho l i t h .  This  deformation does n o t  appear t o  be r e s t r i c t e d  t o  Marathon 
County, f o r  l i n e a t i o n s  i n  greenschist  f a c i e s  vo lcan ic  rocks exposed a long t h e  
Jump River  i n  northwestern Tay lor  County (40 km NW o f  Athens) a l so  d i p  s teep ly  
t o  the east. Mudrey (1979, w r i t t e n  comun ica t i on )  a l s o  recorded east-p lunging 
l i n e a t i o n s  i n  vo lcan ic  rocks near Monico i n  Oneida County. Th is  i s  s i m i l a r  
t o  t h e  l i n e a t i o n s  i n  Marathon County b u t  d i s t i n c t l y  d i f f e r e n t  from t h e  shal low 
wester ly  d i p  o f  l i n e a t i o n s  i n  the  i n te rven ing  gne iss ic  rocks.  Therefore, i t  
appears t o  have reg iona l  s i g n i f i c a n c e  i n  t h i s  p a r t  o f  t h e  Lake Super ior  reg ion .  

Xenol i ths i n  some i n t r u s i o n s  a l s o  have a  bear ing on the  poss ib le  age o f  
the  gne iss ic  rocks. B i o t i t e  s c h i s t  and q u a r t z i t e ,  mixed i n  var ious propor t ions  
w i t h  vo lcan ic  and maf ic  and u l t r a m a f i c  i n t r u s i v e  rocks, occur as xeno l i t hs  i n  
the  Wausau Syeni te and l ess  abundantly i n  o the r  p lutons.  Q u a r t z i t e  i nc lus ions  
are r e s t r i c t e d  t o  the  1500 m.y. o l d  (Van Schmus, 1976) Wausau Syeni te complex. 
A q u a r t z i t e  x e n o l i t h  i n  quar tz  syeni t e  3.2 km northwest o f  Wausau (SEk, SWg, 
Sec. 21, T.29N., R.7E.) conta ins up t o  12 percent s i l l i m a n i t e .  Xenol i ths o f  
vo lcanic and p l u t o n i c  rocks i n  t h e  same i n t r u s i o n  are  v i r t u a l l y  unmetamorphosed, 
suggesting t h a t  the  s i l l i m a n i t e  may have been produced by an e a r l i e r  metamorphic 
event, and n o t  by contac t  metamorphism by t h e  syen i te .  This  suggests an upward 
t ranspor t  o f  the  q u a r t z i t e  from a  high-grade metamorphic te r rane  a t  depth, 
perhaps t h e  basement on which t h e  vo lcan ic  rocks were deposited. The absence 
o f  q u a r t z i t e  xeno l i t hs  i n  o l d e r  (1850 m.y. o l d )  p lu tons  suggests e i t h e r  a  
very r e s t r i c t e d  occurrence o f  t h e  q u a r t z i t e  i n  t h e  basement o r  t h a t  the  
q u a r t z i t e  i s  younger than the  1850 m.y. o l d  p lutons and was i n t ruded  on l y  by 
the  syen i te .  I n  the  l a t t e r  case, q u a r t z i t e  would represent  foundered b locks 
from above and t h e  s i l l i m a n i t e  would necessar i l y  be t h e  r e s u l t  o f  con tac t  
metamorphism by the  syeni t e .  However, i t  seems u n l i k e l y  t h a t  q u a r t z i t e  ( w i t h  
a  s p e c i f i c  g r a v i t y  o f  2.7) would s i n k  i n  a  magma t h a t  c a r r i e d  u l  t r amaf i c  
xeno l i t hs  ( w i t h  a  s p e c i f i c  g r a v i t y  o f  about 3.4) upward. Therefore, I favo r  
the i n t e r p r e t a t i o n  t h a t  the  s i l l iman i te -bea r ing  q u a r t z i t e  was c a r r i e d  upward 
from a  high-grade metamorphic basement a l though I recognize t h a t  an a l t e r n a t i v e  



interpretation is possible. Since thick quartzites are uncommon in Early
Precambrian sequences, the quartzite is more likely Middle Precambrian.

The question then arises whether the gneisses represent a deeper level
(higher pressure-temperature) of the volcanic sequence, or whether they
represent an older basement on which the volcanics were deposited. Mapping
by LaBerge and Myers in and around Marathon County shows that structures in
the gneisses have a different orientation than those in the low—grade volcanic
rocks. The general westerly plunge of lineations in the gneisses compared
with easterly plunging lineations in the low—grade rocks indicates that the
gneisses and low-grade rocks have been subjected to different stresses.
While it is possible that both strain patterns may be produced by a single
period of deformation, I believe the differences in regional patterns and
unconformable relationships described by Myers (1978) are best explained
by assuming two periods of deformation separated by erosion.

TECTONIC SPECULATION

If the gneisses are Middle Precambrian (as suggested by Maass and
Medaris, 1977, and Van Schmus, 1979, oral cormiunication) and the low—grade
volcanic—plutonic terrane is also Middle Precambrian (as dated by Van Schmus,
1975, 1976) and if the two sequences were subjected to different periods of
deformation, then there are two periods of metamorphism and deformation
represented in the rocks of Marathon County. If this interpretation is
correct, it has considerable regional significance.

The postulated two Middle Precambrian deformations in be represented
throughout much of the Lake Superior region. It has long been recognized
that a mild flexuring and erosion occurred during deposition of the Middle
Precambrian sedimentary rocks exposed on the various iron ranges (cf. Van
Hise and Leith, 1911). For example, the sequence of rocks containing the
Kona, Randville and Bad River Dolomites (the Chocolay Group of the Marquette
Range Supergroup of Cannon and Gair, 1970) underwent gentle flexuring and
erosion prior to deposition of the less deformed rocks of the Menominee and
Baraga Groups. The deformation following deposition of the Baraga Group is
generally referred to as the Penokean Orogeny (Goldich, 1961). Deformation
attributed to the Penokean Orogeny increases in intensity southward in the
Lake Superior region. If, indeed, two periods of Middle Precambrian deformation
are present, the gneisses and amphibolites in central Wisconsin may be a
manifestation of the post-Chocolay--pre-Menominee deformation and the
deformation in the low—grade volcanic—plutonic rocks may represent the
"Penokean Orogeny." If only one Middle Precambrian deformation is present,
the gneisses would presumably be Early Precambrian in age. This problem
remains unresolved. Regardless of the age of the gneisses, it is probable
that they represent the basement on which the volcanic rocks were deposited,
for relatively small isolated areas of low-grade volcanogenic sediments (of
Middle Precambrian age?) occur within an area of dominantly gneisses in Eau
Claire County. Therefore, I believe that the volcanics are a discrete,
younger sequence than the high—grade rocks.

- 29 -

i n t e r p r e t a t i o n  i s  poss ib le .  Since t h i c k  q u a r t z i t e s  a r e  uncommon i n  Ea r l y  
Precambrian sequences, the q u a r t z i t e  i s  more l i k e l y  Mfddle Precambrian. 

The quest ion then a r i s e s  whether t h e  gneisses represent  a deeper l e v e l  
(h igher  pressure-temperature) o f  t h e  vo lcan ic  sequence, o r  whether they 
represent  an o lde r  basement on which t h e  volcanics were deposited. Mapping 
by LaBerge and Myers i n  and around Marathon County shows t h a t  s t r u c t u r e s  i n  
the  gneisses have a d i f f e r e n t  o r i e n t a t i o n  than those i n  t h e  low-grade vo lcan ic  
rocks. The general wester ly  plunge o f  l i n e a t i o n s  i n  t h e  gneisses compared 
w i t h  e a s t e r l y  p lunging 1 i nea t i ons  i n  t h e  low-grade rocks i n d i c a t e s  t h a t  t h e  
gneisses and low-grade rocks have been subjected t o  d i f f e r e n t  stresses. 
While i t  i s  poss ib le  t h a t  both s t r a i n  pa t te rns  may be produced by a s i n g l e  
per iod  o f  deformation, I bel feve t h e  d i f f e rences  i n  reg iona l  pa t te rns  and 
unconformable r e l a t i o n s h i p s  described by Myers (1978) a r e  best  expla ined 
by assuming two per iods o f  deformation separated by erosion. 

TECTONIC SPECULATION 

I f  the  gneisses are  Middle Precambrian (as suggested by Maass and 
Medaris, 1977, and Van Schmus, 1979, o r a l  comun ica t i on )  and the  low-grade 
vo lcan ic -p lu ton ic  t e r rane  i s  a l so  Middle Precambrian (as dated by Van Schmus, 
1975, 1976) and i f  t h e  two sequences were subjected t o  d i f f e r e n t  per iods o f  
deformation, then the re  a r e  two per iods o f  metamrphism and deformation 
represented i n  t h e  rocks o f  E a t h o n  County. I f  t h i s  i n t e r p r e t a t i o n  i s  
cor rec t ,  i t  has considerable reg iona l  s i g n i f i c a n c e .  

The pos tu la ted  two Middle Precambrian deformations be represented 
throughout much o f  t h e  Lake Super ior  region.  It has long been recognized 
t h a t  a m i l d  f l e x u r i n g  and eros ion  occurred du r ing  depos i t i on  o f  t h e  Middle 
Precambrian sedimentary rocks exposed on t h e  var ious i r o n  ranges ( c f .  - Van 
Hise and Le i th ,  1911 ). For example, t h e  sequence o f  rocks con ta in ing  t h e  
Kona, Randv i l le  and Bad R iver  Dolomites ( t h e  Chocolay Group o f  the  Marquette 
Range Supergroup o f  Cannon and Gair, 1970) underwent g e n t l e  f l e x u r i n g  and 
eros ion  p r i o r  t o  depos i t i on  o f  t h e  l e s s  deformed rocks o f  t h e  Menominee and 
Baraga Groups. The deformation f o l l o w i n g  depos i t i on  o f  t h e  Baraga Group i s  
general 1y r e f e r r e d  t o  as t h e  Penokean Orogeny (Goldich, 1961 ) . Deformation 
a t t r i b u t e d  t o  t h e  Penokean Orogeny increases i n  i n t e n s i t y  southward i n  t h e  
Lake Super ior  reg ion .  If, indeed, two per iods o f  Middle Precambrian deformation 
are present,  the  gneisses and amphibol i tes i n  c e n t r a l  Wisconsin may be a 
man i fes ta t i on  o f  t h e  post-Chocolay--pre-Menominee deformation and t h e  
deformation i n  the low-grade vo lcan ic -p lu ton ic  rocks may represent  t h e  
"Penokean Orogeny." I f  o n l y  one Middle Precambrian deformation i s  present, 
the  gneisses would presumably be Ear l y  Precambrian i n  age. Th i s  problem 
remains unresolved. Regardless o f  t h e  age o f  t h e  gneisses, i t  i s  probable 
t h a t  they represent  t h e  basement on which t h e  vo lcan ic  rocks were deposited, 
f o r  r e l a t i v e l y  small i s o l a t e d  areas of low-grade volcanogenic sediments ( o f  
Middle Precambrian age?) occur w i t h i n  an area of dominant ly gneisses i n  Eau 
C l a i r e  County. Therefore, I be l ieve  t h a t  t h e  volcanics are  a d i s c r e t e ,  
younger sequence than t h e  high-grade rocks. 



SUMMARY

Gneissic rocks in northwestern and extreme southern Marathon County
are probably the oldest rocks in the area, although they have not been dated
radiometrically. They may be, at least in part, Early Precambrian (more than
2500 m.y.) or earlier Middle Precambrian rocks that underwent amphibolite
facies metamorphism and deformation. If the high-grade rocks are Middle
Precambrian, as suggested by Maass and Medaris (1977), they z. correlate with
rocks of the Chocolay Group of the Marquette Range Supergroup farther north
in the Lake Superior region. Deformation of these rocks would then be post-
Chocolay-.-pre-Menominee Group. The more intense metamorphism and deformation
in central Wisconsin may correlate with the gentle regional flexuring of
Chocolay Group rocks (LaBerge and Mudrey, 1979) that occurred on the iron
ranges to the north. Erosion of these gently deformed rocks occurred on the
iron ranges, but much deeper erosion must have occurred in central Wisconsin
to expose the amphibolite-facies gneissic rocks.

The deposition of Menominee Group sedimentary rocks on the iron ranges
may correlate with the onset of volcanism in central Wisconsin, where green—
schist facies volcanic rocks rest unconformably on amphibolite facies rocks.
Most of the volcanic rocks are subaqueous, indicating the presence of one or
more basins. The volcanic rocks were then extensively intruded by granitic
plutons and deformed. The presence of high-grade rocks juxtaposed with
greenschist facies rock and the preponderance of vertical lineations, including
boudinage structures that indicate vertical movement on the boundary faults,
suggests that the gneisses were uplifted along large faults. Then the general
synclinal structure of the volcanic rocks in Marathon County may result from
relative subsidence of the volcanic rocks into a graben—like' structure
(Figure 18). Intrusion of numerous plutons and deformation of those plutons

piutons

Figure 18. Idealized north-south cross-section across western
Marathon County showing the postulated graben structure.
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SUMMARY 

Gneissic rocks in northwestern and extreme southern Marathon County 
a re  probably the  oldest  rocks in the  area ,  although they have n o t  been dated 
radiometrically. They may be, a t  l e a s t  in par t ,  Early Precambrian (more than 
2500 m.y. ) or e a r l i e r  Middle Precambrian rocks t ha t  underwent amphi bol i t e  
facies  metamorphism and deformation. I f  the high-grade rocks a re  Middle 
Precambrian, as suggested by Maass and Medaris (19771, they cor re la te  w i t h  
rocks of the Chocolay Group of the Marquette Range Supergroup f a r the r  north 
i n  the Lake Superior region. Deformation of these rocks would then be post- 
Chocolay--pre-Menominee Group. The more intense metamorphism and deformation 
in central Wisconsin may cor re la te  w i t h  the  gent le  regional flexuring of 
Chocolay Group rocks (LaBerge and Mudrey, 1979) t h a t  occurred on the  iron 
ranges t o  the north. Erosion of these gently deformed rocks occurred on the  
iron ranges, b u t  much deeper erosion must have occurred i n  central Wisconsin 
t o  expose the amphibolite-facies gneissic rocks. 

The deposition of Menominee Group sedimentary rocks on the  iron ranges 
may cor re la te  with the onset of volcanism i n  central  Wisconsin, where green- 
s ch i s t  facies  volcanic rocks r e s t  unconformably on amphibolite fac ies  rocks. 
Most of the volcanic rocks a re  subaqueous, indicating the  presence of one or 
more basins. The volcanic rocks were then extensively intruded by gran i t i c  
plutons and deformed. The presence of high-grade rocks juxtaposed w i t h  
greenschist facies  rock and the  preponderance of ver t ical  l ineat ions ,  including 
boudinage s t ructures  t h a t  indicate ver t ical  movement on the boundary f a u l t s ,  
suggests t ha t  the  gneisses were upl i f ted along large f a u l t s .  Then the general 
synclinal s t ructure  of the  volcanic rocks in Marathon County may r e su l t  from 
re la t ive  subsidence of the  volcanic rocks in to  a "graben-like'' s t ructure  
(Figure 18 ) .  Intrusion of numerous plutons and deformation of those plutons 

mlcanics volcanics 

Figure 18. Idealized north-south cross-section across western 
Marathon County showing the postulated graben s t ruc ture .  



suggests that the major deformation of the area continued throughout most of
the plutonic activity. This deformation and plutonic activity may correlate
with the post—Menominee event known as the Penokean Orogeny (Goldich, 1961).

Presumably the area was again elevated above sea level and subjected to
erosion although evidence for this is largely lacking in the area. Emplacement
of the anorogenic Wolf River Batholith and related syenite intrusions about
1500 m.y. ago was the next major event in the area. The final Precambrian
event recorded in the area is the intrusion of pyroxene and olivine diabase
dikes, which cut all older rocks in the county.
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suggests t ha t  the  major deformation of the area continued throughout most of 
the plutonic ac t i v i t y .  This deformation and plutonic ac t i v i t y  may cor re la te  
with the post-Menominee event known as the Penokean Orogeny (Goldich, 1961). 

Presumably the area was again elevated above sea level and subjected t o  
erosion although evidence for  t h i s  i s  largely lacking i n  the area .  Emplacement 
of the anorogenic Wolf River Batholith and re la ted syenite intrusions about 
1500 m ~ y .  ago was the next major event in  the area .  The f inal  Precambrian 
event recorded in the area i s  the  intrusion of pyroxene and ol ivine diabase 
dikes,  which cu t  a l l  older rocks in the  county. 
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Title: Artus Creek - Pillow basalts.

Location: In pasture along the east side of Artus Creek. NE¼, NW¼, NW¼,
Sec. 29, T.29N., R.6E. (Marathon 15 minute quadrangle, Marathon
County.) (Get permission from Harold Theis (pronounced "Tice"),
R. R. 2, Marathon, WI, Phone: 715-845-2667.)

Author: Gene L. LaBerge (1980)

Description: This stop contains the
best exposures of pillow basalts in
Marathon County. Due to the irregular
fracture pattern on the surface of the
outcrop, •the pillows are not very
evident. However, they are well
exposed on several small south—facing
ledges farther from the road.

The pillows range in size from
less than one foot to at least three
feet in diameter. Pillows are widely
used for top determination in mapping
volcanic rocks. The accompanying
photo, taken at this stop, shows the
classical domal top and pointed bottom
of the pillow. While the 4fp of the
flows is readily determined from
pillows, they do not show the strike.
This must be determined by tracing a
distinctive lithology (or pillowed
unit). Where exposures are as
limited as they are in Marathon
County, it is extremely difficult
to determine the strike of the basalts.

The greenstones here consist of sodic plagioclase, actinolite, epidote,
chlorite, and minor carbonate and quartz. Epidote and actinolite are the
dominant minerals in some samples. At the time of formation the selvages
(rinds) around the pillows were probably a hydrated basaltic glass (palagonite);
however, they are now dominantly quartz and epidote. The mineralogy suggests
that the rocks have undergone greenschist facies metamorphism.

Significance: Pillowed basalts are widely distributed in an east—west trending
'belt" across northern Wisconsin. They are abundantly exposed near Pembine in

Marinette County, and sporadically exposed to the west of there, including the
Monico area in Oneida County (Mudrey, 1979). The Bouguer Anomaly Gravity Map
of Wisconsin (Ervin & Hammer, 1974) suggests that these rather heavy rocks (a
resulting gravity high) extend almost continuously from the Michigan border
west beyond Ladysmith in Rusk County. Rhyolites are also present at most
localities along this belt, indicating a long belt of volcanic activity. The
widespread occurrence of pillows indicates a submarine origin for most of the
vol canics.
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Ti t l e :  Artus Creek - Pillow basalts .  - 

Location: In pasture along the eas t  s ide  of Artus Creek. NEk, NW&,  Nl&i, 
Sec. 29, T.29N., R.6E. (Marathon 15 minute quadrangle, Marathon 
County.) (Get permission from Harold Theis (pronounced "Tice") ,  
R .  R .  2, Marathon, MI, Phone: 715-845-2667.) 

Au thor :  Gene L .  LaBerge (1980) 

Description: This stop contains the  
best  exposures of pillow basalts  in 
Marathon County. Due to  the  i r regula r  
f rac ture  pattern on the  surface of the 
outcrop, . the pillows a re  not very 
evident. However, they a r e  well 
exposed on several small south-facing 
ledges fa r ther  from the road. 

The pillows range in s i z e  from 
less  than one foot  t o  a t  l e a s t  three 
f e e t  i n  diameter. Pillows a re  widely 
used fo r  top determination in  mapping 
volcanic rocks. The accompanying 
photo, taken a t  t h i s  s top,  shows the 
c lass ical  domal top and pointed bottom 
of the pillow. While the  9 of the  
flows is readily determined from 
pillows, they do not show the s t r i ke .  
This must be determined by tracing a 
d i s t inc t ive  l i thology (or  pillowed 
un i t )  . Where exposures a re  a s  
limited as they a r e  in Marathon 
County, i t  i s  extremely d i f f i c u l t  
t o  determine the s t r i k e  of the  basal ts .  

The greenstones here consis t  of sodic plagioclase, a c t i n o l i t e ,  epidote,  
ch lor i t e ,  and minor carbonate and quartz. Epidote and ac t i no l i t e  a r e  the 
dominant minerals in some samples. A t  the  time of fornation the  selvages 
( r inds)  around the pillows were probably a hydrated basa l t i c  glass (palagoni te) ;  
however, they a re  now dominantly quartz and epidote. The mineralogy suggests 
t ha t  the rocks have undergone greenschist facies  metamorphism. 

Significance: Pillowed basalts  a re  widely dis t r ibuted in an east-west trending 
"belt" across northern Wisconsin. They are abundantly exposed near Pembine in 
Marinette County, and sporadically exposed to  the  west of there ,  including the  
Monico area in Oneida County (Mudrey, 1979). The Bouguer Anomaly Gravity Map 
of h'isconsin (Ervin & Hamer, 1974) suggests t h a t  these rather heavy rocks (a 
result ing gravity high) extend almost continuously from the Michigan border 
west beyond Ladysmith in Rusk County. Rhyolites are a lso  present a t  most 
l oca l i t i e s  along t h i s  be l t ,  indicating a long bel t  of volcanic ac t i v i t y .  The 
widespread occurrence of pillows indicates a submarine origin fo r  most of the 
volcanics . 



Middle Precambrian pillow lavas along Artus Creek.
at the top of the pillow.
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Generalized north-south cross—section in northern Wisconsin showing
the postulated relationship between volcanic rocks in north central
Wisconsin and iron—fonnations and other sediments to the north.
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WAUSAU

Middle Precambrian pillow lavas along Artus Creek. Pencil points 
a t  the top of the  pillow. 
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D O L O M I T E ,  E T C .  u ~ ~ ~ & ~ s ~ o ~ ~ m  

Generalized north-south cross-section in northern Wisconsin showing 
the postulated relat ionship between volcanic rocks i n  north central  
Wisconsin and iron-formations and other sediments to the  north. 



Radioactive age dating on these rocks indicates that they were formed
between 1900 m.y. and about 1825 m.y. ago (Van Schmus, Thurman and Peterman,
1975; Sims, 1976). Thus, they are approximately the same age as the iron-
formation and graywacke on the Gogebic Range, and must, therefore, have
formed as part of the same basin of deposition -- the Animikie Basin (LaBerge,
1977) (see diagram).

The volcanic rocks in Marathon County have been extensively intruded by
granitic rocks and are separated from the main volcanic belt by a large wedge-
shaped mass of gneisses and amphibolites that appear to be older. However, the
volcanic rocks here are believed to be related to those farther north in
Wisconsin because they are of the same age, and were formed mainly in a
subaqueous environment. At the succeeding stops, we will examine the
relationships between these various rock sequences.
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Radioactive age dating on these rocks indicates t h a t  they were formed 
between 1900 m.y. and about 1825 m.y. ago (Van Schmus, Thurman and Peterman, 
1975; Sims, 1976). Thus, they a re  approximately the same age as the  iron- 
formation and  graywacke on the Gogebic Range, and must, therefore,  have 
formed as part  of the  same basin of deposition -- the  Animikie Basin (LaBerge, 
1977) (see diagram) . 

The volcanic rocks i n  Marathon County have been extensively intruded by 
gran i t i c  rocks and a r e  separated from the main volcanic be l t  by a large wedge- 
shaped mass of gneisses and amphibol i tes t h a t  appear t o  be older.  However, the  
volcanic rocks here a re  believed to  be related t o  those fa r ther  north i n  
Wisconsin because they a re  of the same age, and were formed mainly i n  a 
subaqueous environment. A t  the  succeeding stops,  we will examine the  
relat ionships between these various rock sequences. 
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Title: Rib Falls - Deformed intrusion breccia.

Location: West side of CTH-S at ju
River, NE corner, Sec.
15 minute quadrangle).

nction with 0TH—U on north side of Rib
28, T.29N., R.5E., Marathon County (Marathon

Author: Gene L. LaBerge (1980)

Description: The volcanic sequence in Marathon County has been extensively
invaded by zoned stocklike granitic intrusions. Many intrusions show extensive
development of intrusion breccias. The exposure consists mainly of quartz
diorite with abundant quartz, plagioclase and chloritized mafics. Mafic to
intermediate volcanic(?) xenoliths ranging from about 2 cm to several meters
are present in several zones. The xenoliths show a wide range in assimilation
in the intrusive phase. Some are readily recognizable as fine—grained
volcanic(?) rocks; others are expressed as mafic—rich clots in the quartz
diorite. Several late granitic (less mafic) dikes cut the quartz diorite and
the volcanic xenoliths.

Plagioclase in the quartz diorite ranges
zoning, and some resorption rims. Quartz occu
and as similar sized clots of finely polygonal

from An2035 and shows prominent
rs as ± 5—8 m grains (phenocrysts?)
quartz.

Much of the quartz diorite has a pervasive cataclastic foliation that
strikes N.450E. and dips vertically. Several prominent vertical, N.45°E. shear
zones cross the outcrop area. They appear to be most pronounced where mafic
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Ti t le :  Rib Falls - Deformed intrusion breccia. 

Location: West s ide  of CTH-S a t  junction w i t h  CTH-U on north s ide  of Rib 
River. NE corner, Sec. 28, T.29N., R.5E., Marathon County (Marathon 
15 minute quadrangle). 

Author: Gene L .  LaBerge (1980) 

Description : The volcanic sequence in  Marathon County has been extensively 
invaded by zoned stocklike gran i t i c  intrusions.  Many intrusions show extensive 
development of intrusion breccias. The exposure consis ts  mainly of quartz 
dior i  t e  w i t h  abundant quartz,  plagioclase and chlor i t ized mafics. Mafic t o  
intermediate volcanic(?) xenoliths ranging from about 2 cm to  several meters 
a re  present i n  several zones. The xenoliths show a wide range. i n  assimilation 
i n  the int rusive phase* Some are  readily recognizable as fine-grained 
volcanic(?) rocks; others a re  expressed a s  mafic-rich c lo t s  i n  the  quartz 
d io r i t e .  Several l a t e  g ran i t i c  ( l e s s  mafic) dikes cu t  the quartz d i o r i t e  and 
the volcanic xenoliths. 

Plagioclase i n  the  quartz d i o r i t e  ranges from An20-35 and shows prominent 
zoning, and some resorption rims. Quartz occurs a s  + 5-8 m grains (phenocrysts?) 
and as s imilar  sized c lo t s  of f ine ly  polygonal quarty. 

Much of the  quartz d i o r i t e  has a pervasive ca t ac l a s t i c  fo l ia t ion  t h a t  
s t r i ke s  N.45oE. and dips ver t i ca l ly .  Several prominent ve r t i ca l ,  1 .45 '~ .  shear 
zones cross the outcrop area .  They appear t o  be most pronounced where mafic 



rocks are more abundant. Some of the zones may be sheared mafic dikes.
However, in other zones the mafic material is extensively mixed with lensoidal
patches of plutonic rock, suggesting that they were initially mafic-rich
intrusion breccias. Lensoidal (boudinaged) blocks of relatively unsheared
plutonic rocks are separated from one another by a network of braided shear
planes.

Significance: Features exposed here and variations on this theme are typical
of many Middle Precambrian plutons in Marathon County. Intrusion breccias
are comon and widespread. Xenoliths and country rocks are generally
metamorphosed only to greenschist facies. Plutons are typically zoned, with
a xenolith-rich quartz diorite margin and a more granitic core. Inner portions
of plutons comonly intrude outer, more mafic zones, suggesting multiple
injections from a differentiating magma. Quartz diorite is the common
intrusive phase in intrusion breccias into mafic/interinediate volcanics
whereas granite is more common with felsic volcanic xenoliths. This suggests
that the composition of the magma is at least partially controlled by
assimilation of intruded material.

Individual plutons are relatively small, and are mineralogically distinct
from neighboring plutons, and roof pendants of volcanic rocks more than ten kms
long are present.

Most of Marathon County is included in a major gravity low in central
Wisconsin (Ervin and Hammer, 1974). This suggests that the area is underlain
predominantly by granitic rocks, probably a large batholith. The surficial
geology suggests a composite batholith just being unroofed by erosion. The
markedly cross—cutting relationships of the plutons, common intrusion breccias,
low-grade regional metamorphism of the volcanics, prominent zoning in the
plagioclases all indicate emplacement of the batholith at upper mesozonal
to epizonal depths in the crust.

References:
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rocks are  more abundant. Some of the zones may be sheared mafic dikes. 
However, in  other zones the mafic material i s  extensively mixed with lensoidal 
patches of plutonic rock, suggesting tha t  they were i n i t i a l l y  mafic-rich 
intrusion breccias. Lensoidal (boudinaged) blocks of r e l a t i ve ly  unsheared 
plutonic rocks are  separated from one another by a network of braided shear 
planes . 
Significance: Features exposed here and var ia t ions  on t h i s  theme a re  typical 
of many Middle Precambrian plutons i n  Marathon County. Intrusion breccias 
a r e  comon and widespread. Xenoliths and country rocks a r e  generally 
metamorphosed only t o  greenschist facies .  Plutons a r e  typical ly  zoned, w i t h  
a xenolith-rich quartz d i o r i t e  margin and a more g ran i t i c  core. Inner portions 
of plutons commonly intrude outer ,  more mafic zones, suggesting multiple 
injections from a d i f fe ren t ia t ing  magma. Quartz d i o r i t e  i s  the  common 
intrusive phase in intrusion breccias in to  mafic/intermediate volcanics 
whereas grani te  i s  more common w i t h  f e l s i c  volcanic xenoliths.  This suggests 
t ha t  the composition of the magma i s  a t  l e a s t  pa r t i a l l y  controlled by 
assimilation of intruded material .  

Individual plutons a r e  r e l a t i ve ly  small, and a r e  mineralogically d i s t i n c t  
from neighboring plutons, and roof pendants of volcanic rocks more than ten kms 
long a re  present. 

Most of Marathon County i s  included i n  a major gravity low i n  central  
Wisconsin (Ervin and Hamer, 1974). This suggests t h a t  the area i s  underlain 
predominantly by gran i t ic  rocks, probably a large batholi th.  The su r f i c i a l  
geology suggests a composite batholi th j u s t  being unroofed by erosion. The 
markedly cross-cutting relationships of the plutons, comon intrusion breccias,  
low-grade regional metamorphism of the  volcanics, prominent zoning i n  the 
plagioclases a l l  indicate emplacement of the batholi th a t  upper mesozonal 
to  epizonal depths i n  the c rus t .  

References: 

Ervin, C.  P .  and Hammer, S. ,  1974, Bouguer Anomaly Gravity Map of Wisconsin: 
Wis. Geol. Nat. Hist .  Survey. 



Title: Rib River at Emory School - Ultramafics at contact of gneiss
terrane.

Location; NW¼, SW¼, Sec. 30, T.30N., R.5E., Hamburg 15' quadrangle.

Author: Paul E. Myers, UW—Eau Claire (1978).
1980.)

(Revised by LaBerge & Palmer,

Summary of Features: A small, ENE—trending, lenticular body of massive
metaperidotite(?) separates hornblende-biotite—tonalite-gneiss to the north
from phyllites of sedimentary parentage to the south. The ultramafic rock
was apparently emplaced along a major fault which raised more highly
metamorphosed tonalite gneisses on the north.

Discussion: Muscovite phyllite with foliation and subparallel relict bedding
N74°E, 75°N and subordinate cleavage N350E, 74°NW is probably derived from
a felsic volcanic rock. Relict quartz and feldspar clasts (staining show
presence of both potassium feldspar and plagioclase) and bedding are best
seen on horizontal surfaces toward their fault contact with the ultramafic
rock. The phyllites contain streaked lensoids of K—feldspar and diamond—
shaped hematite replacements. A conspicuous lineation formed by the
intersection of foliation and cleavage plunges N360W at 68—74g.

Biotite-hornblende tonalite pencil gneisses along Rib River north of here
have lineations plunging N50—650W at 55—65°. Foliation, where present, dips
steeply NNW.
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Ti t l e :  Rib River a t  Emory School - Ultramafics a t  contact of gneiss 
terrane.  

Location: NW%, SW%, Sec. 30, T.30N., R.5E., Hamburg 15'  quadrangle. 

Author :  Paul E.  Myers, UW-Eau Claire (1978). (Revised by LaBerge & Palmer, 
1980.) 

Summary of Features: A small, ENE-trending, l en t icu la r  body of massive 
metaperidoti tet?)  separates hornblende-biotite-tonalite-gneiss t o  the north 
from phyl l i tes  of sedimentary parentage t o  the south. The ultramafic rock 
was apparently emplaced along a major f a u l t  which raised more highly 
metamorphosed tonal i t e  gneisses on the north. 

Discussion: Muscovite phyl l i t e  w i t h  fo l ia t ion  and subparallel r e l i c t  bedding 
N74OE, 75ON and subordinate cleavage N35CJE, 74ONW i s  probably derived from 
a f e l s i c  volcanic rock. Relict  quartz and feldspar c l a s t s  (s ta ining show 
presence of both potassium feldspar and plagioclase) and bedding a r e  best 
seen on horizontal surfaces toward their f a u l t  contact w i t h  the  ultramafic 
rock. The phyl l i t es  contain streaked lensoids of K-feldspar and diamond- 
shaped hematite replacements. A conspicuous l ineat ion formed by the  
intersect ion of fo l ia t ion  and cleavage plunges N36OW a t  68-74O. 

Bioti te-hornblende tonal i t e  pencil gneisses along Rib River north of here 
have l ineat ions  plunging ~ 5 0 - 6 5 O ~  a t  55-650. Foliat ion,  where present, dips 
steeply N N W .  



The coarse—grained ultramafic rock is composed of relict pyroxene(?)
which appears to have been altered to an amphibole and chlorite. The
presence of plagioclase suggests that this may be a feldspathic pyroxenite.
Some specimens are near gabbro in composition. Another massive mafic unit
composed of amphibole, epidote, and sphene outcrops 6.6 km southwest of
here (NW¼, Sec. 33, T.30N., R.4E.). At both localities the mafic rocks
parallel the fault contact between gneissic rocks on the north and low-
grade metavolcanic and metasedimentary rocks on the south. The restricted
occurrence of ultramafic rocks between the two terranes suggests that they
lie along major high-angle faults and were emplaced during or after faulting.
Their lack of foliation suggests the latter. Although the ultramafic body is
about 300 meters wide here, it was not observed in outcrop along the Rib
River just east of here. Shape and extent of the body are unknown.

A prominent magnetic low parallels the fault contact between the gneisses
and low—grade rocks for nearly 60 km along the northern edge of Marathon
County (Zeitz, Karl, and Ostrom, 1977). It is not known whether the magnetic
low is due to 'demagnetization' of rocks along the fault zone, or whether a
number of reversely—polarized mafic and ultramafic rocks are present.

References:

Zeitz, I., Karl, J. H., and Ostrom, M. E., 1977, Preliminary aeromagnetic map
covering most of the exposed Precambrian terrane in Wisconsin: U.S. Geol.
Survey Misc. Field Studies Map 888.
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The coarse-grained ultramafic rock i s  composed of r e l i c t  pyroxene(?) 
which appears t o  have been a l tered to an amphibole and ch lor i t e .  The 
presence of plagioclase suggests t ha t  t h i s  may be a feldspathic pyroxenite. 
Some specimens a re  near gabbro i n  composition. Another massive mafic unit  
composed of amphibole, epidote, and sphene outcrops 6.6 km southwest of 
here (NWk, Sec. 33, T.30N., R.4E.). A t  both l o c a l i t i e s  the  mafic rocks 
paral le l  the f a u l t  contact between gneissic rocks on the north and low- 
grade metavolcanic and metasedimentary rocks on the south. The r e s t r i c t ed  
occurrence of ultramafic rocks between the two terranes suggests t ha t  they 
l i e  along major high-angle f a u l t s  and were emplaced during or  a f t e r  fau l t ing .  
Their lack of fo l ia t ion  suggests the l a t t e r .  Although the ultramafic body i s  
about 300 meters wide here, i t  was not observed i n  outcrop along the Rib 
River just ea s t  of here. Shape and extent of the body a r e  unknown. 

A prominent magnetic low para l le l s  the f a u l t  contact between the gneisses 
and low-grade rocks f o r  nearly 60 km along the  northern edge of Marathon 
County (Zei tz ,  Karl, and Ostrom, 1977). I t  i s  not known whether the magnetic 
low i s  due t o  "demagnetization" of rocks along the f a u l t  zone, or  whether a 
number of reversely-polarized mafic and ultramafic rocks a re  present. 
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Title: Black Creek, Athens - Quartzofeldspathic gneisses.

Location: Along Black Creek valley west of Wis. Hwy. 97 in Athens. NE¼,
SW¼, Sec. 31, T.30N., R.4E. (Marathon County) (Athens 15 minute
quadrangle).

Authors: Gene L. LaBerge and Elizabeth Palmer, 1980.

Description: Quartzofeldspathic gneisses of variable composition crop out at
a number of places in northwestern Marathon County. This exposure illustrates
several phases of the gneisses, but numerous other phases are present.

The southeastern end of the exposure consists of a felsic rock with
lensoidal , medium—grained quartz-feldspar fragments in a finer—grainS
micaceous quartzofeldspathic matrix. Muscovite and biotite laths wrap around
the lensoidal fragments. The rock appears to be a metamorphosed felsic tuff
with the clasts elongated in the plane of foliation. A more mafic (amphibolitic)
rock occurs northwest of the felsic rock. The composition, fine grain size, and
weakly foliated character of the mafic rock suggest that it was derived from
a mafic flow or dike, The mafic rock is bounded on the north (near the old
dam) by a felsic rock rich in potassium feldspar. It contains large feldspar
fragments and microcline in the recrystallized groundmass. It appears to be
a sheared and recrystallized potassic plutonic rock or gneiss.

Foliation here strikes about N.70°E. and dips vertically. Clasts in the
gneissic rocks are elongated vertically in the plane of foliation. Farther
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T i t l e :  Black Creek, Athens - Quar tzo fe ldspath ic  gneisses. 

Locat ion:  Along Black Creek v a l l e y  west o f  His .  Hwy. 97 i n  Athens. NEi,, 
SWi,, Sec. 31, T.30N., R.4E. (Marathon County) (Athens 15 minute 
quadrangle). 

Authors: Gene L. LaBerge and E l i zabe th  Palmer, 1980. 

Descr ip t ion :  Quar tzo fe ldspath ic  gneisses o f  v a r i a b l e  composit ion crop o u t  a t  
a  number o f  places i n  northwestern Marathon County. Th is  exposure i l l u s t r a t e s  
several phases o f  t h e  gneisses, b u t  numerous o the r  phases are  present .  

The southeastern end o f  t h e  exposure cons is ts  o f  a  f e l s i c  rock w i t h  
l enso ida l  , medium-grained quar tz - fe ldspar  fragments i n  a  f i ne r -g ra ined  
micaceous quar tzo fe ldspath ic  ma t r i x .  Muscovite and b i o t i t e  l a t h s  wrap around 
the  l enso ida l  fragments. The rock appears t o  be a  metamorphosed f e l s i c  t u f f  
w i t h  the  c l a s t s  elongated i n  t h e  plane of f o l i a t i o n .  A more maf ic  ( a m p h i b o l l t i c )  
rock occurs northwest o f  t h e  f e l s i c  rock.  The composit ion, f i n e  g r a i n  s ize ,  and 
weakly f o l i a t e d  charac ter  o f  t h e  maf ic  rock suggest t h a t  i t  was der ived from 
a  maf ic  f l o w  o r  d i ke .  The maf ic  rock i s  bounded on t h e  n o r t h  (near the  o l d  
dam) by a  f e l s i c  rock r i c h  i n  potassium fe ldspar .  I t  conta ins l a r g e  fe ldspa r  
fragments and m i c r o c l i n e  i n  the  r e c r y s t a l l i z e d  groundmass. I t appears t o  be 
a  sheared and r e c r y s t a l l i z e d  potassic  p l u t o n i c  rock o r  gneiss. 

F o l i a t i o n  here s t r i k e s  about N.~o'E. and d ips  v e r t i c a l l y .  C las ts  i n  the  
gne iss ic  rocks are  elongated v e r t i c a l l y  i n  the  plane o f  f o l i a t i o n .  Far ther  



from the contact with the greenschist facies rocks, fold axes and mineral
lineations in the gneisses plunge westerly. For example, at Goodrich Dells on
the Rib River eight miles northeast of here, mineral lineations, fold axes
and mafic clot plunge west at 350_700 within the N.85°E. foliation. This is
in contrast to the east-plunging lineations in the greenschist facies rocks
along Hamann Creek which we will see later on this trip.

Significance: The northwestern corner of Marathon County is underlain by
a variety of quartzofeldspathic gneisses, amphibolites and locally migmatites.
Reconnaissance mapping to the west and north suggests that the gneisses are
an extension of the complex high-grade metamorphic terrane that extends at
least 60 miles to the west. The lithologies closely resemble those of the
"Chippewa Ajnphibolite Complex" described by Myers (1974) from exposures in
Chippewa and Eau Claire Counties. Known exposures of Precambrian rocks in
Clark County (between Marathon and the Chippewa-Eau Claire area) are
dominantly high—grade metamorphic rocks, although scattered outliers of
low—grade metavolcanic and metasedimentary rocks are present. A distinctive
aeromagnetic and gravity pattern is also present in this four—county area.
Thus, the gneisses in Marathon County are evidently part of a large block'
of gneisses as shown in Figure 1.

The age of these gneisses is unknown since no radiometric ages are
available. However, Myers (1980, this conference) shows that similar
gneisses in the Chippewa River valley have undergone two periods of deformation
and metamorphism prior to 1850 rn.y. Van Schmus and Anderson (1977) report that
similar gneisses south of Marathon County have radiometric ages ranging from
1850 m.y. to more than 2800 m.y. Maass and Medaris (1976) interpret the rocks
to be Middle Precambrian in age. Reconnaissance by Myers (1978) indicates that
low grade volcanic and sedimentary rocks unconformably overlie the high grade
terrane along the Eau Claire River in Clark County. Thus, the high grade
rocks must be older than greenschist facies volcanics.

If the gneissic rocks are Middle Precambrian as suggested by Maass and
Medaris (1976), they must represent an earlier deformed and metamorphosed
sequence than that which we find in most of Marathon County.
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from the contac t  w i t h  t h e  greenschist  f ac ies  rocks, f o l d  axes and minera l  
l i n e a t i o n s  i n  t h e  gneisses plunge wester ly .  For example, a t  Goodrich D e l l s  on 
the  Rib River  e i g h t  m i l es  nor theast  o f  here, minera l  1 ineat ions ,  f o l d  axes 
and maf ic  c l o t  plunge west a t  35O-70Â w i t h i n  the  N.8s0E. f o l i a t i o n .  This  i s  
i n  con t ras t  t o  t h e  east-p lunging l i n e a t i o n s  i n  the  greenschist  f ac ies  rocks 
along Hamann Creek which we w i l l  see l a t e r  on t h i s  t r i p .  

S ign i f i cance:  The northwestern corner  o f  Marathon County i s  under la in  by 
a v a r i e t y  o f  quar tzo fe ldspath ic  gneisses, amphibol i tes and l o c a l l y  migmati tes. 
Reconnaissance mapping t o  t h e  west and n o r t h  suggests t h a t  t h e  gneisses are  
an extension o f  the complex high-grade metamorphic te r rane  t h a t  extends a t  
l e a s t  60 m i les  t o  the  west. The l i t h o l o g i e s  c l o s e l y  resemble those o f  t h e  
"Chippewa Amphibol i t e  Complex" described by Myers (1974) from exposures i n  
Chippewa and Eau C l a i r e  Counties. Known exposures o f  Precambrian rocks i n  
Clark County (between Marathon and t h e  Chippewa-Eau C l a i r e  area) a re  
dominantly high-grade metamorphic rocks, a l though scat te red  o u t l i e r s  o f  
low-grade metavolcanic and metasedimentary rocks a r e  present .  A d i s t i n c t i v e  
aeromagnetic and g r a v i t y  pa t te rn  i s  a l s o  present  i n  t h i s  four-county area. 
Thus, the  gneisses i n  Marathon County are e v i d e n t l y  p a r t  o f  a l a r g e  "b lock"  
o f  gneisses as shown i n  F igure  1. 

The age o f  these gneisses i s  unknown s ince  no rad iomet r ic  ages are  
ava i l ab le .  However, Myers (1980, t h i s  conference) shows t h a t  s i m i l a r  
gneisses i n  the  Chippewa River  v a l l e y  have undergone two per iods o f  deformation 
and metamorphism p r i o r  t o  1850 may. Van Schmus and Anderson (1977) r e p o r t  t h a t  
s i m i l a r  gneisses south o f  Marathon County have rad iomet r i c  ages ranging from 
1850 m.y. t o  more than 2800 may. Maass and Medaris (1976) i n t e r p r e t  the  rocks 
t o  be Middle Precambrian i n  age. Reconnaissance by Myers (1978) i n d i c a t e s  t h a t  
low grade vo lcan ic  and sedimentary rocks unconformably o v e r l i e  t h e  h igh  grade 
te r rane along the  Eau C l a i r e  R iver  i n  C lark  County. Thus, the  h igh  grade 
rocks must be o lde r  than greenschist  f ac ies  volcanics.  

I f  the  gne iss ic  rocks a r e  Middle Precambrian as suggested by Maass and 
Medaris (1976), they must represent  an e a r l i e r  deformed and metamorphosed 
sequence than t h a t  which we f i n d  i n  most o f  Marathon County. 
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Title: Athens County Park - Sheared rocks.

Location: NE¼, NW¼, SW¼, Sec. 6, T.29N., R.4E. (Athens 15 minute quadrangle)
Marathon County.

Authors: Gene L. LaBerge and Elizabeth Palmer, 1980.

Description: This stop illustrates some of the complex and diverse lithologies
developed along the major fault zones in Marathon County. Movement on the
faults have evidently juxtaposed rocks of varied parentage and in various
stages of cataclastic degradation, producing extremely variable, complex zones.

At the south end of the exposure at the bend in the creek (refer to sketch
map), the rock is schistose, and may be a metagraywacke. It is variable in
composition, with quartz, plagioclase, biotite, muscovite and hornblende the
dominant minerals, Exposures in the small creek entering Potatoe Creek from
the south at the south edge of the map appear to be deformed felsic volcanic
rocks.

North (downstream) from the schistose rock are several exposures of well
foliated biotite—rich flaser gneiss. The biotite encloses lens—shaped
porphyroclasts of quartz and feldspar and emphasizes the lens—structure.
This rock appears to be a highly sheared pluton, or perhaps a sheared gneiss.
The larger grains show cataclastic degradation and alteration to sericite
and carbonate. Deformed felsic volcanic rocks are intimately mixed with the
biotite flaser gneiss.
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Ti t le :  Athens County Park - Sheared rocks. 

Location: NE%, NW%, SM%, Sec. 6, T.29N., R.4E. (Athens 15 minute quadrangle) 
Marathon County~ 

Authors: Gene L .  LaBerge and Elizabeth Palmer, 1980. 

Description: This stop i l l u s t r a t e s  some of the complex and diverse l i thologies  
developed along the major f a u l t  zones in Marathon County. Movement on the 
f au l t s  have evidently juxtaposed rocks of varied parentage and in  various 
stages of ca t ac l a s t i c  degradation, producing extremely variable,  complex zones. 

A t  the  south end of the exposure a t  the  bend i n  the  creek ( r e f e r  t o  sketch 
map), the rock i s  schis tose ,  and may be a metagraywacke. I t  i s  variable i n  
composition, w i t h  quartz,  plagioclase, b io t i t e ,  muscovite and hornblende the  
dominant minerals. Exposures in the  small creek entering Potatoe Creek from 
the south a t  the  south edge of the  map appear t o  be deformed f e l s i c  volcanic 
rocks . 

North (downstream) from the schistose rock a r e  several exposures of well 
fo l ia ted  biot i te-r ich f l a s e r  gneiss. The b io t i t e  encloses lens-shaped 
porphyroclasts of quartz and feldspar and emphasizes the  lens-structure.  
This rock appears t o  be a highly sheared pluton, or  perhaps a sheared gneiss.  
The larger  grains show ca tac las t i  c degradation and a1 tera t ion t o  s e r i c i  t e  
and carbonate. Deformed f e l s i c  volcanic rocks are intimately mixed with the 
b i o t i t e  f l a s e r  gneiss. 



Exposures of fine-grained pink, mylonitized granitic gneiss and several
large quartz veins are present about 60 meters northeast of the park boundary.
These appear to have been phaneritic rocks that have been cataclastically
degraded.

Significance: A major structural boundary passes through Athens trending about
N600E. South of the lineament are volcanic rocks and granites that have been
only slightly metamorphosed. North of the lineament the rocks are high grade
gneisses, amphibolites and migmatites (LaBerge, 1977). Along the lineament
are mylonites, phyllonites and other intensely sheared rocks along with a
number of mafic to ultramafic bodies. The width of the shear zone ranges up
to nearly 2 km and consists of numerous braided zones of intense cataclasis
separated by lens—shaped "pods" of relatively undeformed rock. In places,
the deformation affected mainly the low—grade volcanic and sedimentary rocks.
A variety of rocks appear to have been involved in the deformation here. A

similar cataclastic zone along the south side of Marathon County (see County
map) brings gneisses into contact with low—grade volcanics and intrusions.

The presence of low—grade metamorphic rocks bounded on the north and south
by gneisses and separated by broad cataclastic zones containing mafic and
ultramafic bodies indicates large scale block faulting. The low—grade volcanics
and granites appear to occupy a graben—like structure with horsts of gneisses
uplifted on both the north and south. The diagram illustrates these
relationships across this part of Marathon County.

These large scale faul
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Wisconsin.

ts appear to have been active over several hundred
represent the major structural features in central

volcanics

North—south cross-section across Marathon County.
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Exposures o f  f ine-gra ined p ink ,  my lon i t i zed  g r a n i t i c  gneiss and several 
l a r g e  quar tz  veins are present about 60 meters nor theast  o f  the  park boundary. 
These appear t o  have been p h a n e r i t i c  rocks t h a t  have been c a t a c l a s t i c a l l y  
degraded. 

S ign i f i cance:  A major s t r u c t u r a l  boundary passes through Athens t rend ing  about 
N60OE. South o f  the  l ineament a re  vo lcan ic  rocks and g ran i tes  t h a t  have been 
on l y  s l i g h t l y  metamorphosed. North o f  t h e  l ineament t h e  rocks a r e  h igh  grade 
gneisses, amphibol i tes and migmati tes (LaBerge, 1977). Along t h e  1 ineament 
a re  myloni tes,  p h y l l o n i t e s  and o the r  i n t e n s e l y  sheared rocks along w i t h  a 
number o f  maf ic  t o  u l t r a m a f i c  bodies. The w id th  o f  t h e  shear zone ranges up 
t o  nea r l y  2 km and cons is ts  o f  numerous bra ided zones o f  in tense ca tac las i s  
separated by lens-shaped "pods" o f  r e l a t i v e l y  undeformed rock.  I n  places, 
the deformation a f f e c t e d  main1 y the  low-grade vo lcan ic  and sedimentary rocks.  
A v a r i e t y  o f  rocks appear t o  have been invo l ved  i n  t h e  deformation here. A 
s i m i l a r  c a t a c l a s t i c  zone along t h e  south s ide  o f  Marathon County (see County 
map) b r ings  gneisses i n t o  contac t  w i t h  low-grade volcanics and i n t r u s i o n s .  

The presence o f  low-grade metamorphic rocks bounded on t h e  n o r t h  and south 
by gneisses and separated by broad c a t a c l a s t i c  zones con ta in ing  maf ic  and 
u l t ramaf i c  bodies i nd i ca tes  l a r g e  scale b lock f a u l t i n g .  The low-grade volcanics 
and gran i tes  appear t o  occupy a graben- l i ke  s t r u c t u r e  w i t h  ho rs t s  o f  gneisses 
u p l i f t e d  on both the  n o r t h  and south. The diagram i l l u s t r a t e s  these 
re la t i onsh ips  across t h i s  p a r t  o f  Marathon County. 
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Title: Hamann Creek — Lineated andesite.

Location: Along Hamann Creek in SE¼, Sec. 26, T.28N., R.3E. Marathon County.
(Stratford 15 minute quadrangle) (Get permission from Roger Bohman,
Rt. 1, Stratford; phone 715—687—2343.)

Author: Gene L. LaBerge

Description: This exposure is representative of the intermediate volcanic
rocks in Marathon County. The main rock type is a tuffaceous andesite with
clasts about 1 cm in diameter, but clasts up to 10 cm long are present a
short distance upstream from the bridge. Sandy textured "graywacke" is inter-
bedded with the tuff locally. Exposures in the pasture to the north are
significantly more siliceous than the outcrop near the bridge. Phenocrysts
of plagioclase and hornblende are visible in places.

The rock displays a prominent foliation and lineation. Foliation and
layering appear to strike about N.85°E. Foliation dips 600_8005. Lineation
consists of elongation of volcanic clasts, extreme "smearing" of mafic
minerals and boudinaged plagioclase (Figure 1). Lineation dips about 50°E
in the plane of foliation. South of the road exposures along the creek are
dominantly graywacke. Approximately one—half mile south along the creek are
exposures of a spectacularly deformed conglomerate.
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Ti t l e :  Hamann Creek - Lineated andesite.  

Location: Along Hamann Creek i n  SEk, Sec. 26, T.28N., R.3â‚ Marathon County. 
(Stratford 15 minute quadrangle) (Get permission from Roger Bohman, 
R t .  1 ,  Stra t ford;  phone 71 5-687-2343.) 

Author: Gene L. LaBerge 

Description: This exposure is  representative of the intermediate volcanic 
rocks in Marathon County. The main rock type i s  a tuffaceous andesite w i t h  
c l a s t s  about 1 cm i n  diameter, bu t .c las t s  u p  t o  I0  cm long are  present a 
short  distance upstream from the bridge. Sandy textured "graywacke" is  inter-  
bedded with the tuff  locally.  Exposures i n  the pasture to  the north are  
s ignif icant ly  more si l iceous than the outcrop near the bridge. Phenocrysts 
of plagioclase and hornblende are  v i s ib le  in places. 

The rock displays a prominent fo l ia t ion  and l ineat ion.  Foliation and 
layering appear to  s t r i k e  about N.8s0â‚ Foliation dips 60Â°-80Â° Lineation' 
consists of elongation of volcanic c l a s t s ,  extreme "smearing" of mafic 
minerals and boudinaged plagioclase (Figure 1 ) .  Lineation dips about 50Â° 
in the plane of fo l ia t ion .  South of the road exposures along the creek a re  
dominantly graywacke. Approximately one-half mile south along the creek are,  
exposures of a spectacularly deformed conglomerate. 



Significance: The exposure is part of a large roof pendant of volcanics, and
exemplifies the type of deformation within the pendant. Rocks in the immediate
area and elsewhere in Marathon County have a conspicuous mineral lineation and
boudinaged mineral grains. Volcanic, plutonic and sedimentary rocks are
lineated, suggesting that at least part of the deformation post—dates
emplacement of the plutons. The foliation and lineations have occurred in
mappable zones that have been traced for more than 90 kms. These features
are interpreted to indicate that the area has been subjected to shearing
stresses and that the stress was taken up along shear zones in places, and
by pervasive cataclasis in other places.

The lithologies exposed here and to the south indicate that these are
largely subaqueous volcanics. Welded rhyolitic tuffs, flow banded rhyolites,
and lahars (not visited on this trip) indicate that the felsic volcanics are
at least partially subaerial. The other supracrustal rocks are probably
subaqueous, indicating a sizeable Middle Precambrian basin in Central
Wisconsin.

Lineated andesite showing alignment and boudinaging of phenocrysts
(the black lines on the 'shite lensoidal grains). Note also the
zones of more intense deformation near left and right margins
bounding areas of less deformation (left edge and center of photo).
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Siqnificance: The exposure i s  part  of a large roof pendant of volcanics, and 
exemplifies the type of deformation within the pendant. Rocks in the immediate 
area and elsewhere in Marathon County have a conspicuous mineral l ineation and 
boudinaged mineral grains. Volcanic, plutonic and sedimentary rocks are  
l ineated,  suggesting tha t  a t  l e a s t  part  of the deformation post-dates 
emplacement of the plutons. The fo l ia t ion  and l ineat ions  have occurred in 
mappable zones tha t  have been traced for  more than 90 kms. These features 
are interpreted to  indicate tha t  the area has been subjected to  shearing 
s t resses  and tha t  the s t r e s s  was taken up along shear zones in places, and 
by pervasive ca tac las i s  i n  other places. 

The l i thologies  exposed here and t o  the south indicate t ha t  these are  
largely subaqueous volcanics. Welded rhyol i t i c  t u f f s ,  flow banded rhyol i tes ,  
and lahars (not vis i ted on this t r i p )  indicate t ha t  the f e l s i c  volcanics are  
a t  l ea s t  par t ia l ly  subaerial .  The other supracrustal rocks a r e  probably 
subaqueous, indicating a sizeable Middle Precambrian basin in Central 
Wisconsin. 

Lineated andesite showing alignment and boudinaging of phenocrysts 
( t h e  black lines on t h e  whi te  l enso ida l  grains). flote also the 
zones of more intense deformation near l e f t  and r igh t  margins 
bounding areas of less  deformation ( l e f t  edge and center of photo). 



Title: Little Eau Pleine River — Gneiss.

Location: N½, SW¼, Sec. 31, T.26N.
minute quadrangle. (Get
Auburndale, WI, Box 148;

R.4E. Marathon County, Marshfjeld 15
permission from Norbert Kolbeck, Rt. 2,
Phone 715-384—8798.)

Author: Gene L. LaBerge

Description: Isolated blocks of high grade metamorphic rocks are present in
rocks more typically metamorphosed to greenschist facies. This exposure
represents a small block of gneiss and migmatite bounded on the north by a
zone several hundred feet wide of ferruginous, sheared(?) quartz. Across the
valley to the south the rocks are non—foliated granites and quartz monzonites
that extend at least several miles south into Wood County. Other high grade
metamorphic blocks include an amphibolite (metagabbro?) mass at the junction
of Wis. Hwy. 97 and CTH—T in contact with a relatively unmetamorphosed ultra—
mafic rock. The major rock type in the area is a prominently foliated quartz
diorite.

This exposure is a small block (lens?) of high grade gneiss of approximately
granodiorite composition. Some migmatite is present at the western end of the
exposure. Small scale folds are relatively coriinon in the gneiss with near
horizontal fold axes. This is in contrast to the near vertical fold axes in
low grade metasedimentary rocks about 3 miles northeast of here. Thus, it is
anomalous in metamorphic grade and structurally anomalous with its surroundings.
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Ti t l e :  L i t t l e  Eau Pleine River - Gneiss. - 

Location: N'5, SWi, SeC. 31, T.26N., R.4E. Marathon County, Marshfield 15 
minute quadrangle. (Get permission from Norbert Kol beck, R t .  2 ,  
Auburndale, MI, Box 148; Phone 715-384-8798.) 

Author: Gene L.  LaBerge 

Description: Isolated blocks of high grade metamorphic rocks a re  present i n  
rocks more typical ly  metamorphosed to  greenschist fac ies .  This exposure 
represents a small block of gneiss and migmatite bounded on the  north by a 
zone several hundred f e e t  wide of ferruginous, sheared(?) quartz. Across the 
valley t o  the south the rocks a re  non-foliated grani tes  and quartz monzonites 
t ha t  extend a t  l e a s t  several miles south into  Wood County. Other high grade 
metamorphic blocks include an amphibolite (metagabbro?) mass a t  the junction 
of Wis. Hwy. 97 and CTH-T in contact w i t h  a re la t ive ly  unmetamorphosed u l t ra -  
mafic rock. The major rock type in the area i s  a prominently fo l ia ted  quartz 
d i o r i t e .  

This exposure i s  a small block ( lens?)  of high grade gneiss of approximately 
granodiorite composition. Some migmatite i s  present a t  the western end of the  
exposure. Small scale  folds a re  re la t ive ly  common in  the  gneiss w i t h  near 
horizontal fold axes. This i s  i n  contras t  t o  the near ver t ical  fold axes i n  
low grade metasedimentary rocks about 3 miles northeast of here. Thus, i t  i s  
anomalous in metamorphic grade and s t ruc tura l ly  anomalous with i t s  surroundings. 



Significance: An arcuate zone of extremely complex geology extends along the
southern boundary of Marathon County. The zone consists of a wide variety of
rock types, including volcanic, plutonic, sedimentary and metamorphic rocks
with no apparent pattern. Most of the rocks have a prominent foliation and
lineation. Rocks of very different metamorphic grade are in contact with
one another, such as greenschist facies volcanics and sediments in contact
with gneisses and amphibolites. Several ultramafic bodies (probably dunites)
are present in the zone. Both shallow and vertical fold axes are present,
along with a pervasive cataclasis (and local recrystallization) in plutonic
rocks.

The mixture of lithologies and disparate metamorphic grade in a broad
zone of complex •structure suggests tectonic mixing of the various rock types.
The area is suggestive of a megamelange, with a relatively deep level in
the structure exposed along the southern part of Marathon County.

Van Schmus and Anderson (1977) dated migmatitic gneisses west of Pittsville
(27 km south of this locality) at more than 2800 m.y. The gneisses may be the
basement on which the Middle Precambrian volcanics were deposited. However,
the structural complexity along the southern edge of Marathon County indicates
a large-scale fault contact between the two terranes.
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Migmatitic gneiss characteristic of the high-grade rocks exposed
along the southern edge of Marathon County.
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Sign i f i cance:  An arcuate zone of extremely complex geology extends a long the  
southern boundary o f  Marathon County. The zone cons i s t s  of a wide v a r i e t y  of 
rock types, i nc lud ing  volcanic,  p lu ton i c ,  sedimentary and metamorphic rocks 
w i t h  no apparent pa t te rn .  Most o f  t h e  rocks have a prominent f o l i a t i o n  and 
l i n e a t i o n .  Rocks o f  very d i f f e r e n t  metamorphic grade are  i n  contac t  w i t h  
one another, such as greenschist  f a c i e s  volcanics and sediments i n  con tac t  
w i t h  gneisses and amphiboli tes .  Several u l  t r ama f i c  bodies (probably duni t es )  
a re  present i n  the zone. Both shal low and v e r t i c a l  f o l d  axes are  present,  
along w i t h  a pervasive ca tac las i s  (and l o c a l  r e c r y s t a l l  i z a t i o n )  i n  p l u t o n i c  
rocks. 

The m ix tu re  o f  l i t h o l o g i e s  and d i spa ra te  metamorphic grade i n  a broad 
zone o f  complex ' s t ruc tu re  suggests tec ton i c  mix ing  o f  t h e  var ious rock types. 
The area i s  suggest ive o f  a megamelange, w i t h  a r e l a t i v e l y  deep l e v e l  i n  
the s t r u c t u r e  exposed along the  southern p a r t  o f  Marathon County. 

Van Schmus and Anderson (1977) dated m igmat i t i c  gneisses west o f  P i t t s v i l l e  
(27 km south o f  t h i s  l o c a l i t y )  a t  more than 2800 m.y. The gneisses may be t h e  
basement on which t h e  Middle Precambrian v o l  canics were deposited. However, 
the s t r u c t u r a l  complexi ty  along t h e  southern edge o f  Marathon County i nd i ca tes  
a large-scale f a u l t  contac t  between t h e  two terranes.  

M igmat i t i c  gneiss c h a r a c t e r i s t i c  o f  the  high-grade rocks exposed 
along the southern edge o f  Marathon County. 
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pp. 43-48. 



Title: Wild Creek, Rozeliville - Ultramafic rocks.

Location: Ditch outcrop on east side CTH—M at the brink of the hill
south of Rozellville. (Farmhouse directly across the road
west.) W¼ corner, Sec. 22, T.26N., R.4E., Marathon County
(Marshfield 15 minute quadrangle)

1.5 miles
to the

Author: Gene L. LaBerge

Description: The outcrop consists primarily of a talc-serpentine rock.
Relict olivine is visible in many samples. A chemical analysis of this rock
shows that it contains only 39.4 percent Si02, and thus it probably represents
an altered dunite. It is one of at least four such intrusions known along
this zone. Outcrops in the yard on the west side of the road and in the
creek to the north consist of mafic volcanic rocks with poorly preserved
pillow structures indicating tops to the south(?). Exposures in the fields
to the southeast are a strongly foliated quartz diorite (tonalite) that
appears to be a relatively highly metamorphosed rock. (It contains braided
zones of amphibolite up to several feet wide that may have been produced by
metamorphism of shear zones in the quarz diorite.) Similar quartz diorite
and amphibolite underlie at least 50 km in this area and is associated with
the gneiss exposed at the previous stop.

Foliation in this area trends N.6O°W. and dips vertically. The axis
of a minor fold exposed 1.2 km north along CTH—M plunges vertically and would
suggest right lateral movement.
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T i t l e :  Wild Creek, R o z e l l v i l l e  - U l t ramaf i c  rocks. 

Locat ion: D i t c h  outcrop on eas t  s ide  CTH-M a t  t h e  b r i n k  o f  t h e  h i l l  1.5 m i l es  
south o f  R o z e l l v i l l e .  (Farmhouse d i r e c t l y  across the road t o  the  
west.) W% corner ,  Sec. 22, T.26N., R.4E., Marathon County. 
(Marsh f ie ld  15 minute quadrangle) 

Author: Gene L. LaBerge 

Descr ip t ion :  The outcrop cons is ts  p r i m a r i l y  o f  a  ta l c -se rpen t i ne  rock.  
R e l i c t  o l i v i n e  i s  v i s i b l e  i n  many samples. A  chemical ana lys is  o f  t h i s  rock 
shows t h a t  i t  conta ins on l y  39.4 percent  Si02, and thus i t  probably represents 
an a l t e r e d  duni te.  It i s  one o f  a t  l e a s t  f o u r  such i n t r u s i o n s  known along 
t h i s  zone. Outcrops i n  the  yard  on t h e  west s ide  o f  t h e  road and i n  t h e  
creek t o  the  n o r t h  c o n s i s t  o f  maf ic  vo l can i c  rocks w i t h  poo r l y  preserved 
p i l l o w  s t ruc tu res  i n d i c a t i n g  tops t o  t h e  south(?) .  Exposures i n  t h e  f i e l d s  
t o  the  southeast a re  a  s t r o n g l y  f o l i a t e d  quar tz  d i o r i t e  ( t o n a l  i t e )  t h a t  
appears t o  be a  r e l a t i v e l y  h i g h l y  metamorphosed rock.  ( I t  con ta ins  bra ided 
zones o f  amphibo l i te  up t o  several f e e t  wide t h a t  may have been produced by 
metamorphism of shear zones i n  t h e  q u a r p . d i o r j t e . )  S i m i l a r  quar tz  d i o r i t e  
and amphibol i te  under l i e  a t  l e a s t  50 km i n  t h ~ s  area and i s  associated w i t h  
the gneiss exposed a t  t h e  previous stop.  

F o l i a t i o n  i n  t h i s  area t rends N . ~ o O W .  and d ips  v e r t i c a l l y .  The a x i s  
o f  a  minor f o l d  exposed 1.2 km n o r t h  along CTH-M plunges v e r t i c a l l y  and would 
suggest r i g h t  l a t e r a l  movement. 



Significance: This and other ultramafic rocks occur along a zone of strongly
foliated rocks of highly variable composition. The volcanic rocks to the
north are believed to be part of the greenschist facies terrane present in
most of Marathon County. The foliated and recrystallized tonalites, quartz
monzonites and gneisses to the south appear to be part of a higher grade
metamorphic terrahe to the south. However, largely undeformed (and
unmetamorphosed?) plutons are present several km to the southwest in Wood
County, and relatively low grade mafic volcanic rocks are also present in
places. Therefore, there exists here a complex zone of mixed rock types,
which basically mark the boundary between the greenschist fades terrane in
Marathon County and a higher grade terrane to the south. We do not know the
ages of any of the rocks, except that all have been interpreted to be Middle
Precambrian.
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Sign i f i cance :  This  and o the r  u l t r a m a f i c  rocks occur a long a  zone o f  s t r o n g l y  
f o l i a t e d  rocks o f  h i g h l y  v a r i a b l e  composit ion. The vo l can ic  rocks t o  t h e  
no r th  are be l ieved t o  be p a r t  of the  greensch is t  f a c i e s  te r rane  present  i n  
most o f  Marathon County. The f o l i a t e d  and r e c r y s t a l l i z e d  t o n a l i  tes ,  qua r t z  
monzonites and gneisses t o  t h e  south appear t o  be p a r t  o f  a  h igher  grade 
metamorphic te r rane  t o  t h e  south. However, l a r g e l y  undefomed (and 
unmetamorphosed?) p lu tons  a r e  present  several  km t o  t h e  southwest i n  Wood 
County, and r e l a t i v e l y  low grade mafic vo l can i c  rocks  a r e  a l s o  present  i n  
places. Therefore, t h e r e  e x i s t s  here a  complex zone o f  mixed rock  types, 
which b a s i c a l l y  mark t h e  boundary between t h e  greensch is t  f a c i e s  t e r r a n e  i n  
Marathon County and a  h ighe r  grade t e r r a n e  t o  t h e  south. We do n o t  know t h e  
ages o f  any o f  t h e  rocks, except t h a t  a l l  have been i n t e r p r e t e d  t o  be Midd le  
Precambrian. 


