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ABSTRACT 

Precambrian metamorphic units in northwestern Mar-

athon County, Wisconsin, consist of an extrusive region 

composed of basaltic to felsic metavolcanics, and a 

gneissic region composed of granitic to dioritic 

gneisses. Both the metavolcanic and gneissic regions 

have been intruded by felsic plutonic rocks. The meta-

volcanic region has also been intruded by mafic units. 

The contact between these two terranes is a cataclastic 

zone which trends approximately N75°E through Athens, 

Wisconsin. The zone itself appears to have gradational 

boundaries and may be anastamosing. 

Structural and petrologic investigations indicate 

two deformational phases in the area accompanied by 

varying degrees of recrystallization. The first def or-

mational phase is represented by quartzofeldspathic and 

_mafic mineral assemblages diagnostic of amphibolite 

facies Relationships in the gneisses 

generally indicate textural disequilibrium although 

locally equilibrium textures are found. ·The presence 

of migmatites and complex folds is further evidence for 

regional metamorphism involving deformation at high 

temperatures and pressures. 
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The first deformational phase is also represented 

by the metamorphism of volcanic rocks to greenschist 

facies and local deformation. Where the rocks are not 

highly deformed, primary volcanic textures and struc-

tures are well preserved. 

The development of similar penetrative structural 

trends in both terranes is further evidence for the 

first deformational phase. The structural features 

suggests a strain history in the study area such that 

maximum elongation (extension) occurred parallel to 

lineation in the plane of foliation, while · shortening 

(flattening) occurred in a northwest-southeast direc-

tion, perpendicular to foliation. Strain results indi-

cate the rocks were shortened up to 40 percent of their 

original length. 

The second deformational phase is represented by 

an assortment of cataclastic rocks derived from both 

terranes, the local development of a linear fabric asso-

ciated with cataclasis, slickenside surfaces, and the 

development of two major joint systems. The major 

joint system trends northwest-southeast, perpendicular 

to foliation, while a second system trends northeast-

southwest, parallel with foliation. If these joint 

sets are tensional features, the stress field which 

caused their development would be consistent with the 

stress field which developed the foliation during the 

first deformational phase. 
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The intrusion of tonalitic to granitic plutonic 

rocks into the gneissic and volcanic terranes probably 

occurred about 1840 m.y. ago. Pervasive cataclastic 

textures in the plutons suggests deformation was opera-

tive after the emplacement cf the intrusions. 

The next event in the area was the emplacement and 

local recrystallization to greenschist facies metamor-

phism of mafic rocks. These· units intrude the volcanic 

terrane and trend subparallel to the cataclastic zone. 

Following this, quartz veins were introduced into these 

and associated units. The quartz veins and their host 

rocks were then locally faulted. 

The petrologic and structural evidence in north-

western Marathon County, Wisconsin, define a high-grade 

metamorphic complex which is lithologically distinct 

and tectonically separate from a lower-grade supra-

structure. The contact between the two terranes is de-

fined by a relatively thin boundary fault zone having a 

metamorphic gradient with complex shearing. 
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INTRODUCTION 

Geographic and Geologic Setting 

Marathon County is located in north central Wis-

consin (Fig. 1). The present study is situated in 

northwestern Marathon County in the Civil Townships of 

Halsey, Rietbrock, Johnson, Bern, Hamburg, and Rib 

Falls. The area encompasses over JOO square kilometers 

and is centered near Athens, Wisconsin, which is located 

approximately 37 km northwest of Wausau, Wisconsin. 

The area lies on the southern margin of the 

Canadian Shield, an extensive low-lying region of Pre-

cambrian rocks that composes the exposed part of the 

North American craton. The area is underlain by Pre-

cambrian igneous and metamorphic rocks traversed by 

several large northeast- and northwest-trending zones 

of cataclasis. Glacial deposits of irregular thickness 

and varying type and provenance cover the Precambrian 

in much of the region. 

Regional Precambrian Geology 

The Lake Superior region contains rocks belonging 

to each of the three major subdivisions of the Precam-

brian. Morey and Sims (1976), and Sims (1976), devel-

oped a two-terrane concept for the Precambrian geology 

in the Lake Superior area. Essentially, the northern 
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parts of Minnesota, Wisconsin, and Michigan are under-

lain by a granite-greenstone terrane about 2,700 million 

years old. Gneissic terrane underlies the southern parts 

of those states and is dated at over J.5 billion years 

in Minnesota, and at least J.2 billion years in Wiscon-

sin and Michigan (Sims and Peterman, 1976; Van Schmus 

and Anderson, 1977; and Peterman, Zartman and Sims, 

1976). The gneissic terrane has behaved as a mobile 

belt that was reactivated many times (LaBerge and Mudrey, 

1979). The most recent significant reactivation was 

during the Middle Precambrian giving rise to the Pen-

okean (?) period of metamorphism and deformation. Based 

on geophysics, outcrop data, and sparse geochronology, 

Figure 2 illustrates the model for northern Wisconsin. 

In Wisconsin, several gneisses have been dated as 

Early Precambrian (Archean or Precambrian W) (Sims, 

Peterman and Prinz, 1977). No radiometric age dates 

are available from the gneisses in Marathon County how-

ever, thus their age is uncertain . Van Schmus and 

Anderson (1977) have reported an age of more than 2800 

m.y. for migmatitic gneisses at Pittsville, 25 km south 

of Marathon County. Gneisses within the present study 

area may be part of a high-grade metamorphic terrane 

that extends at least 60 miles to the west (LaBerge, 

1980). The gneisses mineralogically resemble those of 

the "Chippewa Amphibolite Complex" described by Myers 

(1974) from exposures along the Chippewa and Eau Claire 



DISTRIBUTION OF EARLY AND 
MIDDLE PRECAMBRIAN ROCKS 

IN WISCONSIN 

Geology moelified from:Sima (1976) 

Middle Precambrian Rocks 

Early Precambrian Rocks 

Figure 2. Map of northern Wisconsin show-
ing distribution of Early and Middle Pre-
cambrian rocks as revised from Sims (1976). 
Since 1976, reconnaissance geologic mapping 
and availability of detailed aeranagnetic 
maps by Zietz, Karl and Ostran (1978) have 
penni tted revisions in the map by Si.115, 
cannon and Mldrey (1978). Major changes 
have been to increase the extent of Middle 
Precambrian units while decreasing the ex-
tent of Early Precambrian units, and to 
refine the location and extent of bedrock 
faults (after LaBerge and Mudrey, 1979). 
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Rivers. Cummings and Myers (1978) showed that amphib-

olites and gneisses in Eau Claire and Chippewa Counties 

had undergone two periods of metamorphism and def orma-

tion prior to being intruded by 1850 m.y. old plutons. 

However, structural studies of gneisses at several lo-

calities in central Wisconsin, and radiometric dating, 

led Maass, Medaris and Van Schmus (1977) to conclude 

that the gneisses in central Wisconsin are mainly of 

Middle Precambrian age. Thus, there may be more than 

one age of gneissic rocks in the region. 

In Wisconsin the Lower Precambrian terrane is in-

terrupted by younger Middle Precambrian rocks which 

include three main types: volcanic rocks, sedimentary 

rocks, and intrusive granitic rocks (Fig. J). The vol-

canic rocks, which are dominant in the south, appear to 

be basaltic to felsic in composition, and submarine in 

origin. Pillows are evident in the greenschist-grade 

rocks, along with agglomerates and interbedded iron 

formations and slates. Model lead ages on galena from 

massive sulfide deposits in the volcanic rocks are 1,820 

and 1,835 m.y. (Stacey and others, 1976). The northern 

part of this Middle Precambrian terrane is characterized 

by slates and iron formations, which rest unconformably 

on Lower Precambrian basement in the Gogebic Range. 

The volcanic-sedimentary sequence is intruded by 

Middle Precambrian granitic rocks, ranging in age from 

about 1,850 to 1,765 m.y. (Van Schmus, 1976 and in press), 



Granitic Rocks 

MIDDLE PRECAMBRIAN ROCKS 
IN WISCONSIN 

Geology modified from Sims (1976) . 

Metasedimentary Rocks 

Metavolcanic Rocks 

Figure 3. Map of nort-_hern Wisconsin showing 
distribution of various lithologies in the 
Middle Precambrian as rrodif ied fran Sims 
(1976). Since 1976, reconnaissance geologic 

mapping and availability of detailed aeromag-
netic maps by Zietz, Karl and Ostrom (1978) 
have pennitted revisions to the map by Si.'TIS, 
Cannon and Mudrey (1978). Major changes 
have bec.....n to increase the extent of volcanic 
rocks in the southwestern part of the map, 
and to redefine Early Precambrian gneissic 
areas as foliated Middle Precambrian granites. 
(After IaBerge and Mudrey, 1979). 
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The older plutons, consisting of granites and tonalites, 

are mainly syntectonic, and many show a pervasive cata-

clastic foliation (LaBerge and Myers, 19'?6; LaBerge, 

1977). The older pulse of plutonic activity is dated 

by Van Schmus (in press) at 1,840-1,820 m.y. ago. Med-

ium-grained granitic to tonalitic plutons were emplaced 

throughout north-central Wisconsin between 1840 and 

1830 m.y. ago (Maass, Medaris and Van Schmus, 1980). 

This activity was followed by the emplacement of finer-

grained granitic to tonalitic plutons along the south-

ern margin of this area between 1830 and 1820 m.y. ago. 

Penokean orogenic activity and deformation had ended 

prior to the emplacement of 1760 m.y. old granites and 

rhyolites in southern Wisconsin. These younger rocks, 

consisting of potassic granites and associated rhyolitic 

volcanic rocks, are thus post-tectonic and generally are 

little deformed. 

The Upper Precambrian consists of thick successions 

of flood basalts, cogenetic gabbroic intrusive rocks, 

and isolated quartzite units in northern Wisconsin, and 

the Wolf River batholith of east-central Wisconsin. 

Chase and Gilmer (1973) proposed that an aborted conti-

nental rift occurred during the Late Precambrian along 

the Mid-Continent Gravity High. A number of unmetamor-

phosed diabase dikes of presumed Keweenawan age in the 

present study area appears to represent the youngest 

Precambrian event. 



Marathon County Geology· 

Introduction 

8 

Marathon County is situated near the southern mar-

gin of the exposed Precambrian shield. The bedrock is 

predominantly Precambrian igneous and metamorphic rocks 

with a few scattered outliers of Paleozoic sandstone 

that unconformably overlie the Precambrian rocks (Fig. 

4). Lower Precambrian(?) gneisses and Middle Precam-

brian volcanic rocks are intruded by numerous syn- to 

post-tectonic Middle Precambrian plutons ranging in 

composition from quartz diorite to granite (LaBerge, 

1980). The volcanic rocks range in composition from 

basalt to rhyolite and occur as isolated pendants and 

blocks in the plutonic rocks. Major zones of catacla-

sis· separate gneissic rocks fr9m the greenschist facies 

Middle Precambrian volcanic-plutonic complex. 

Early (?) Precambrian 

Gneisses and Schists 

In Marathon County the gneissic rocks are poorly 

exposed and consist mainly of large frost-heaved blocks 

and widely scattered outcrops. The rocks.are medium-

to coarse-grained quartzofeldspathic biotite- and 

hornblende-bearing gneisses, schists and migmatites 

which underlie northwestern Marathon County and occur 

as isolated blocks along the southern edge of the 

county. The gneisses range in composition from quartz 
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diorite to granite and have a conspicuous foliation and 

lineation. Biotite or hornblende or both comprise 15-
40 percent of the rock and some phases are garnetifer-

ous. The common occurrence of hornblende, and locally 

garnet, suggests that they have been metamorphosed to 

amphibolite facies. 

The gneissic rocks have a distinctive aeromagnetic 

pattern of gently curving anomalies, compared with a 

blotchy pattern of magnetic highs and lows in the re-

mainder of Marathon County (Laj3erge, 1980). The Bouguer 

Anomaly Gravity Map of Ervin and Hammer (1974) shows 

the gneisses as a distinct area of zero to minus 40 

milligals, compared with minus 40 to minus 90 milligals 

for the remaining rocks in the county. 

Middle Precambrian 

Metavolcanic Rocks 

Volcanic rocks occur as xenoliths 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 under-

gone greenschist facies metamorphism and local catacla-

sis. Primary volcanic texture.s and structures are 

locally well preserved; elsewhere metamorphism has 
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partially to completely obliterated volcanic features. 

The volcanic sequence in Marathon County has been ex-

tensively disrupted by faulting and intrusion, forming 

isolated blocks surrounded by plutonic rocks (LaBerge, 

1980). 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 and others, 

1975), No other age determinations of volcanic rocks 

in Marathon County have yet been reported, although 

LaBerge (1980) assumes the other volcanic rocks to be 

part of the same period of volcanism. 

Sedimentary Rocks 

Mapping by LaBerge and Myers indicates a limited 

distribution of metasediments in Marathon County which 

are extensively and complexly interbedded with volcanic 

rocks. The rocks consist primarily of graywackes and 

slates or argillites and are widely distributed through-

out the county. However, no large continuous areas of 

sediments are exposed. 

Intrusive Rocks . 
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, with several gabbroic intrusions also present. 

The intrusive units appear to be discordant with the 

host rocks and contact metamorphic effects are generally 
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meagre. In the present study area both the volcanic-

sedimentary sequence and the gneisses have been intru-

ded by grani.tic plutons. 

The Middle Precambrian volcanic-plutonic portion 

of Marathon County is situated on one of the major gra-

vity lows in the state (up to minus 90 milligals) (Ervin 

and Hammer, 1974) . The gravity low is significantly 

greater than that over the gneissic area described above. 

This may indicate that the area is underlain mainly by 

granitic rocks. The general gravity low suggests that 

the volcanic pendants are relatively shallow features 

in the granitic rocks (LaBerge, 1980). The aeromagnetic 

map of the area (Zietz and others, 1978) 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 mag-

netic pattern described elsewhere in northern Wisconsin 

by Mudrey and Karl (1978). 

Only a few radiometric ages are available from 

plutonic rocks in Marathon County. Van Schmus and 

others (1975) report a U/Pb age of 1850 m.y. on zircons 

from a quartz monzonite in northeastern Marathon County. 

Late Precambrian 

In Marathon County the Late Precambrian is repre-

sented by widely distributed igneous rocks, including 
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quartz monzonites, granites, syenites, and several types 

of diabase dikes. The quartz monzonites and granites 

are part of the large Wolf River Batholith which under-

lies at least 3500 square kilometers in eastern Marathon 

County and adjoining parts of northeastern Wisconsin. 

U/Pb age dates on zircons indicate the batholith is 

1500 m.y. old (Van Schmus and others, 1975). Two el-

liptical, concentrically zoned alkalic plutons intruded 

the Middle Precambrian volcanic-plutonic complex just 

west of Wausau (Myers, 1976). These plutons are about 

1500 m.y. old and are chemically related to the Wolf 

River Batholith (Van Schmus and others, 1975). Unde-

formed and unmetamorphosed diabase dikes are also pre-

sent in Marathon County. Although the relative age of 

the dikes are not known, they may represent the young-

est igneous rocks because they intrude all older rocks 

in the region. 

Structural Geology 

Marathon County is on the southern margin of the 

large Middle Precambrian volcanic-sedimentary basin 

that extends across northern Wisconsin into Minnesota 

and Michigan (Fig. 3). Relatively unmetamorphosed vol-

canic and plutonic rocks predominate in Marathon County. 

Major zones of cataclastic rocks appear to bound the 

Middle Precambrian volcanic-plutonic complex in Marathon 

County on all sides (Fig. 5). A zone of cataclastic 
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rocks 1-5 km wide extends from the northeast corner of 

the county southwest down the Eau Claire and Little Eau 

Claire River valleys near the south edge of the county. 

The Wolf River Batholith lies east of and has locally 

metamorphosed the deformed rocks of this zone. A simi-

lar broad zone of cataclastic rocks extends in a south-

westerly direction along the northern edge of the vol-

canic-plutonic terrane in Marathon County. It separates 

gneisses, migmatites and amphibolites on the north from 

greenschist facies rocks to the south. The zone has 

been traced from near Merrill southwest through Athens 

to Milan (LaBerge, 1980). These two major cataclastic 

zones coincide with aeromagnetic and gravity lineaments, 

with magnetic lows and local highs parallelling the 

structures. 

Numerous other cataclastic zones are also present 

within the volcanic-plutonic terrane, trending parallel 

to the major boundary zones. The zones are up to sev-

eral kilometers wide of branching and anas-

tamosing zones of intensely deformed rocks within a 

broader zone of less deformed rocks. The zones cross 

plutonic and volcanic rocks alike, producing a wide 

variety of cataclastic rocks. 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 lack of pervasive 
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foliation in Upper Precambrian plutons is a major dis-

tinction between them and Middle Precambrian rocks 

(LaBerge, 1980). 

Cambrian Sandstones 

The Upper Cambrian Mount Simon Formation locally 

overlies the Precambrian unconformably in Marathon 

County. It is essentially composed of unfossiliferous, 

crossbedded sandstone occurring as scattered small out-

liers. 

Quaternary Geology 

The Precambrian and Cambrian rocks are overlain 

unconformably by unconsolidated till and alluvium of 

Quaternary age. Three ages of glacial drift are recog-

nized in Marathon County. The earliest recorded glacial 

advance deposited the Wausau drift (LaBerge, 1971) (Fig. 

6). The second advance deposited the Merrill drift 

which overlies the Wausau drift in the western and 

northern parts of the county. The last glacial advance 

deposited the Cary drift. Rivers throughout the area 

have cut through the drift to expose the underlying 

Precambrian and Cambrian bedrock. 

Previous Works 

The earliest geological reconnaissance into the 

central part of Wisconsin was made in 1847 under the 

direction of the United States Treasury Department. 
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This general survey, which covered the territory of 

Wisconsin, Iowa and Minnesota, was made under the im-

mediate supervision of Dr. D. D. Owen, whose final re-

port was published in 1852. 

In 1855 Dr. J. G. Percival, then state geologist, 

spent five months in making a general reconnaissance of 

the entire state of Wisconsin. Following the work of 

Dr. Percival, no further geological work was done until 

19 years later, in 1874. During 1874 and 1875 R. D. 

Irving covered a region of about 10,000 square miles in 

the south-central portion of the state. Irving's area 

did not extend further north than Marathon County. The 

result of Irving's work was a general report on the Pre-

cambrian crystalline rocks. 

The work of T. C. Chamberlin within the present 

area was principally in reference to the glacial and 

surficial geology. However, a short time was spent by 

him in the field study of this area, and his references 

to it are in his report on the Superficial Geology of 

the Upper Wisconsin Valley. 

In 1907 the geology of Marathon County was studied 

by Samuel Weidman while working for the Wisconsin Geo-

logic and Natural History Survey. Weidman describes 

the geology of Marathon County and parts of eight other 

counties, commenting on the topography and geography. 

His work presented the first comprehensive study of the 

Precambrian and glacial geology of Marathon County. 
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Weidman subdivided the Precambrian rocks into the fol-

lowing categories: 1) the Basal group, 2) the Lower 

Sedimentary series, J) the Igneous Intrusives, and 4) 

the Upper Sedimentary series (see Table 1). 

An early publication dealing with the relationship 

of structural factors to the origin of nepheline depos-

its in the Wausau area was filed as a report with the 

state survey by Emmons and Snyder (1944). 

F. G. Snyder (1947) related feldspar orientation 

to megascopic primary structural trends in the rocks of 

the Wausau section of the Middle Precambrian volcanic-

plutonic complex. Snyder's study includes a resume of 

methods of structural analysis of petrofabrics and 

structural data collected by Emmons and Snyder in 1944. 

Extensive studies of Marathon County were begun in 

1969 to produce an updated geologic map of the county 

and to determine the structural and age relations of 

the rocks (Weiss and LaBerge, 1969). Fourteen man-

summers of field mapping by G. L. LaBerge and P. E. 

Myers led to new interpretations and a revised map of 

the geology of Marathon County (Fig. 4). LaBerge and 

Myers found a complex distribution of rock types cut by 

major east- and northeast-trending zones of cataclasis, 

not recognized in previous studies. The work undertaken 

by LaBerge and Myers provided the first regional syn-

thesis of the geology of Marathon County and provides a 

framework for more detailed studies in the region. 



Age 
Paleozoic 

Late Precambrian 

Middle Precambrian 

Early 
Precambrian 

Weidman (1907) 

Upper Sediment-
ary Series 

Igneous Intru-
sives 

IDwer Sediment-
ary Series 

Basal Group: 
schists and 
gneisses 

Snyder (1947) 

Granites and 
Differentiates 

Rhyolite (?) 

Argillite and 
Graywacke inter-
bedded with Phy-
olite, Tuff and 
Agglomerate 

Rib Hill Quartzite 
Greens tone 

' Argillite, Slate 
Graywacke 

Granite (?),Schist 
Gneiss, 
Volcanics 

La.Berge (1980) 
Scattered Upper Cambrian Sandstone 

outliers 

Diabase Dikes (1200 m.y. old?) 
(,uartz Porphyry Plugs 
W::>lf River Batholith (1500 m.y. old) 

Emplacement of Post-tectonic 
Plutons (1765 m.y. old) 

Emplacement of Synorogenic 
Plutons (1850 rn.y. old) 

Major Faulting in central Wisconsin 
Volcanic-sedimentary Sequence 

(1900 m.y. old) 

Erosion of older 

Metarrorphism to Amphil:xJlite Facies 

Early Volcanic-sedimentary Sequence 

Granite Intrusion 

Gneisses, Migmatites, Arnphibolites 

Table 1. Comparison of Wisconsin Geologic Colunms after S. Weidman (1907), F. Snyder (1947), and 
G. LaBerge (1980). 
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A recent study which concerned itself with the 

structure of Marathon County was prepared by Steckley 

(1970). The results of joint and microfracture fabric 

analyses established possible principal stress direc-

tions for ten stations at selected outcrops in the 

county. Both petrofab._ric analyses and optical dif-

fraction techniques were applied to field data to infer 

the stress directions. 

Other recent studies in central and northern Wis-

consin which have provided a basis for reinterpreting 

the regional geology include: 1) the compilation of 

the Precambrian geology by Dutton and Bradley (1970); 

2) work by P. E. Myers . and others in Eau Claire and 

Chippewa Counties (1974, 1978, and 1980); J) work by 

W. R. Van Schmus and others (1975 and 1977) in eastern 

and northeastern Wisconsin; 4) publication of a Bouguer 

Anomaly Gravity Map of Wisconsin (Ervin and Hammer, 

1974); 5) publication of a series of aeromagnetic maps 

by Karl and others (1978); and 6) general reconnaissance 

and detailed structural studies by Maass and others 

(1976, 1977, and 1980). 

Statement of the Thesis Problem 

The purpose of this study was to analyze a section 

of northwest Marathon County in the Civil Townships of 

Halsey, Rietbrock, Johnson, Bern, Hamburg, and Rib Falls 

(Fig. 7). The analysis consisted of both structural and 
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petrologic investigations to determine the geologic 

history of the study area. 
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Although the present study area contains extensive 

glacial cover, rocks mapped in the area include an ex-

trusive region composed of basaltic to felsic metavol-

canics, in addition to possible volcanogenic sediments 

and diabases, and a gneissic region composed of granitic 

gneisses, biotite gneisses, amphibolites, and migmatites. 

Both the extrusive and gneissic regions have been intru-

ded by felsic plutonic· rocks. The boundary between 

these two regions is a cataclastic zone which trends 

approximately N75°E through Athens, Wisconsin. The zone 

itself appears to have gradational boundaries, varying 

in width from 1-4-- km, and may be anastamosing. 

Thus, the present study has two objectives: 1) to 

present a detailed examination of these major terranes, 

including bulk mineralogy, grade of metamorphism, and 

extent of cataclasis; and 2) to investigate the struc-

tural relationships between these rock units and reso-

lution of relict structures insofar as possible, as well 

as a detailed analysis of the exposed cataclastic zone. 

Methods-Field Work 

The field work for the present study was d.one dur-

ing the summer of 1978. Outcrops were located by refer-

ence to previous maps (especially LaBerge and Myers, 

1969-1976). Detailed attention was given to several 
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outcrops for purposes of analyzing relationships be-

tween rock units and to provide detailed maps within 

the study area; these outcrops were mapped on scales of 

one inch to 50 feet, 20 feet, 5 feet, 2 feet, and 5 
inches (see Fig. 8). 

Each outcrop description included the following: 

location, physical dimensions and appearance, a short 

lithologic description including composition, size, 

color, presence or absence of fluxion structure and 

porphyroclasts or phenocrysts, foliation and lineation 

attitudes, and the presence or absence of other struc-

tural features such as joint systems and small scale 

folding and faulting. 

One hundred and thirty-two rock samples were col-

lected from the study area. Sample locations are listed 

by section, township and range in Appendix I. 

Work 

In the laboratory 149 thin section heels were 

stained for potassium, using sodium cobaltnitrate, and 

plagioclase, using Amarand. The feldspar content was 

then estimated and recorded. 149 thin sections were 

microscopically examined. Modal analyses from point 

counts were obtained from 20 of the thin sections. 

Over 400 penetrative structure measurements, pre-

dominantly lineations and foliations, were collected 

in the field. These structures were plotted on equal 
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area projections using a modified PI DI routine of 

Warner (1969) on a CDC 171 computer. Over 50 joint at-

titudes were collected in the field and poles to these 

structures were plotted. The data was then analyzed to 

ascertain the trends of the structural fabric in the 

study area. 

Strain analysis was carried out on samples from 

each host unit to analyze quantitatively total cumula-

tive strain in the rock units (Schwerdtner and others, 

1977). Seven rock samples were selected and slabbed 

along J sets of orthogonal faces. At least 50 strain 

indicators were then measured from each face. From the 

measurements on each face, the two-dimensional strain 

was computed using the methods of Ramsay (1967) and 

Elliott (1970). A best fit three-dimensional strain 

ellipsoid was then calculated for each sample using the 

Pase 5 program of Siddans. 
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PETROLOGY 

Introduction 

At least J major rock units are recognizable from 

the mapping of more than JO outcrop locations in north-

western Marathon County. These units consist of gneisses, 

metavolcanics, and intrusive rocks. Each unit shows 

varying degrees of reCI"Jstallization textures and cata-

clastic features. In outcrop the rocks are badly 

weathered and covered with a blanket of moss and lichen; 

as a result, recognition of distinct volcanic and cata-

clastic lithologies in the field is very difficult. 

Classification schemes of metamorphic, cataclastic, 

and igneous rocks used in this paper are defined in Ap-

pendix II. 

Gneisses 

General Compositions and Textures 

Rocks that are dominantly gneissic underlie that 

part of Marathon County northwest of a line trending 

N75°E through Athens, Wisconsin. The rocks are gener-

ally medium-grained, locally complexly folded, and con-

tain numerous quartz and pegmatite veins. Mineralogic-

ally, the gneisses are fine- to medium-grained quartzo-

feldspathic rocks ranging in composition from granite 
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to diorite. The rocks are occasionally migrnatitic, as 

represented by samples from the Goodrich Dells area 

where amphibolite and granodioritic phases are involved 

in a variety of structures. Further, local cataclasis 

of granitic gneisses has produced protomylonites. 

Thirty samples of gneisses within the gneissic 

terrane were selected for sectioning and microscopic 

study. Modal analyses of 12 samples are listed in Table 

2. The sample locations are given in Appendix I. 

Petrographic examination of granitic gneisses with-

in the gneissic terrane revealed a fine- to medium-

grained interlocking mosaic of minerals. The major min-

erals in the granitic gneisses are microcline, quartz 

and plagioclase (Figs. 9 and 10). Biotite and horn-

blende are usually present and may be quite abundant, 

ranging from 5 to 45 percent of the rock. Zircon, apa-

tite, sphene, and magnetite are very common accessory 

minerals, with allanite, muscovite and garnet occurring 

more rarely. Alteration products of the minerals in-

clude epidote, chlorite, sericite, and opaque oxides. 

Quartz monzonitic and granodioritic gneisses are 

fine- to medium-grained and consist mainly of plagio-

clase, quartz, and biotite and/or hornblende. Potas-

sium feldspar is also present as a major constituent, 

but in lesser amounts than in the granitic gneisses. 

Epidote, sphene, and apatite are common accessory 

minerals and alrnandine garnets occur in two of the 



Table 2. Modal Analyses of Gneissic Rocks 

Samples 

Minerals ATH: ATH: HAM: LIN: LIN: LIN: 
55-4b 55-5 6-lb 1-1 l-2b 1-3b 

--
K Feldspar 49.0 33.1 26.0 12.l 13.8 3.0 
Plagioclase 16.2 12.7 16.7 lf0. 9 38.6 44.6 
Quartz 32.0 23.9 34.9 19.4 13.5 19.3 
Hornblende - 6.9 - 5.3 28. Li 20.8 
Biotite 2.5 16.5 21.3 18.7 - 4.9 
Magnetite 0.3 - - 0.4 1.4 0.4 
Sphene - 4.0 - - lf. 2 -
Epidote - 2.0 - 2.3 - -
Chlorite -· - - - - 2.2 
Allanite - 0.3 . - 0.6 - -
Apatite - 0.2 0.3 0.1 - 0.2 
Garnet - - - - - 4.5 
Zircon - 0.3 - - - . -
Muscovite - - 0.7 - - -
Serici.te - - - - - -
TOTAL % 100.0 99.9 99.9 99.8 99.9 99.9 
Rock Type Granitic Granitic Quartz Grano- Grano- Grano-

Gneiss Gneiss Monzo- diorite diorite diorite 
nite Gneiss Gneiss Gneiss 

Gneiss 
--

LIN: TAY: TAY: 
2-1 1-2 l-6a 

8.0 2.7 -
39.9 31. 7 37.5 
23.3 8. 7 6.3 
13.4 46.2 37.9 
10.l 4.1 12.3 
1.1 0.8 1.0 
0.2 1.4 1.1 

- - 1.1 
2.3 3.6 1. 7 
0.2 ' 0.5 0.3 
0.2 0.2 0.7 
l. l - -
- - -
- - -
- - --

99.8 99.9 99.9 -
Grano- Diorit e Diorite 
diorite (Amph- (Amphib-
Gneiss ibolite)olite) 

·1 

TAY: TAY: 
l-8b 1-11 

53.3 48.8 
23.3 22.3 
16.3 18.3 

- -
6.2 8.7 
0.2 0.7 

- 0.3 

0.6 0.5 
- -
- 0.2 

- 0.2 

- -
- -
- -
- -

99.9 100.0 
Gran- Grani-
itic tic 
Gneiss Gneiss 

-

TAY: 
1-13 

43.7 
25.2 
20.3 

-
-
-

0.1 

3.1 
4.8 
0.1 

-
-
-
-

2.6 
99.9 

Quartz 
Monzo-
nite 

Gneiss 

\....) 



Figure 9. Photomicrograph of a granitic gneiss. 
Crossed polars. Sample TAY: 1-8b. Field of 
view 7 mm across. 

Figure 10. Photomicrograph of a granitic gneiss, 
· same view as above. Ordinary light. Field of 
view 7 mm across. 
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samples. Less common accessory minerals include allan-

i te, chlorite, zircon, and magnetite. 

Amphibolite gneisses are fine- to medium-grained 

and are dominantly composed of hornblende, plagioclase, 

and quartz. Hornblende often comprises from 25 to 45 

percent of the rock (Figs. 11 and 12). Microcline and 

biotite are occasionally present and the latter may be 

quite abundant. Sphene, epidote, and magnetite are 

common accessory minerals, with allanite and apatite 

appearing in minor amounts. Common alteration products 

of the minerals include chlorite and sericite. 

At Goodrich Dells (SEi, Sec. 25, T31N, R3E) the 

amphibolite and granodioritic gneisses are often mig-

matitic. In migmatites, the following parts are gener-

ally distinguished (after Mehnert, 1968): (1) the 

paleosome, which is the parent rock or protolith of a 

migmatite; and (2) the neosome, which is the newly 

formed rock portion. Two types of neosome are distin-

guishable: (a) the leucosome, containing lighter col-

ored minerals such as quartz and feldspar, and (b) the 

melanosome, containing mainly dark minerals, such as 

biotite, hornblende, garnet, and others. The migmatites 

at Goodrich Dells cannot be traced back to stratigraph-

ically equivalent but unaltered rocks, and thus the 

paleosome is unknown. However, Mehnert's two types of 

neosomes are distinguishable; amphibolite gneisses with 

hornblende-rich, dark bands comprise the melanosome, 



Figure 11. Photomicrograph of an amphibolite 
gneiss. Crossed polars . Note the poikiloblastic 
texture of the hornblendes. Sample TAY: 1-2. 
Field of view 7 mm across. 

Figure 12. Photomicrograph of an amphibolite 
gneiss. Same view as above. Ordinary light. 
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whereas granodioritic phases containing plagioclase-

quartz-rich, light-colored bands comprise the leucosome. 

Texturally, the gneissic rocks are similar and ex-

hibit well-recrystallized grain structures, polygonal 

and irregular grain boundaries, inequigranular textures 

with a common bimodality, and weak to strong foliation. 

The granitic and quartz monzonitic gneisses contain 

myrmeki tic, textures, exhibit varying degrees of strained. 

grains, and commonly contain a crystalloblastic mosaic 

of quartz and feldspar minerals. Several samples show 

cataclasis with resultant mortar textures, fluxion 

structure and porphyroclasts. The quartz monzonitic, 

granodioritic and amphibolite gneisses are bimodal with 

respect to grain size (Figs. 13 and 14), are usually 

well-recrystallized with the development of straight 

grain boundaries, and usually both compositionally and 

color-banded. 

The migmatites exhibit a variety of structures in 

the field (Fig. 15). Phlebitic structure has the rough 

appearance of the vein system of the human body, and 

has thus been referred to as veined gneiss (Mehnert, 

1968). The term used is purely descriptive. Stromatic 

structures consist of light and dark layers generally 

paral+e1 to the plane of schistosity. Schlieric struc-

tures consist of light and dark streaks of more or less 

elongated shape. If the streaks are exactly parallel, 

narrow and straight, the structure is called "banded", 



Figure 13. .of a recrystallized 
bimodal granodioritic gneiss. Crossed polars. 
Sample LIN: 1-1. Field of view i s 7 mm across. 
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Figure 14. Photomicrograph of a recrystallized 
bimodal granodioritic gneiss. Sarne view as 
above. Ordinary light. 
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A. Phlebitic (vein) and 
stromatic structures. 

C. Schollen (raft) and 
folded structures. 

B. Stromatic (layered) 
structure. 

D. Schlieric and schollen 
structures. 
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Figure 15. Types of migmatite structures observed at Goodrich Dells 
in Taylor County Sec. 25, T.JlN, R3E) (after Mehnert, 1968). 
The darker areas are hornblende-rich and comprise the melanosome, 
whereas the leucosome is lighter colored and rich in quartz and 
feldspar. 
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as for instance in a banded gneiss. Schollen structure 

consists of angular to somewhat rounded fragments that 

often exhibit deformation structures due to shearing and 

rotational movement. The migmatites show local shearing 

and faulting (Fig. 16). 

Mineralogy 

Potassium feldspar constitutes up to 55 percent of 

the granitic gneisses, and is less abundant in the 

quartz monzonitic, granodioritic and amphibolite 

gneisses (Table 2). It usually appears interstitially 

in a crystalloblastic mosaic with quartz and plagio-

clase, and with myrmekitic textures in the granitic and 

quartz monzonitic gneisses. Much of the K-feldspar 

shows gridiron twinning characteristic of microcline, 

and is not altered to a significant degree. It is com-

monly anhedral to subhedral with irregular to straight 

grain boundaries. Inclusions of quartz, biotite, mag-

netite, apatite, and plagioclase are common. 

Quartz is volumetrically greater than 10 percent 

in all of the gneissic rocks with the exception of the 

amphibolite gneisses (see Table 2). The grains are an-

hedral to subhedral and form an interlocking mosaic 

with the surrounding minerals except where deformation 

has occurred. The quartz grains often show undulosity 

and strain, and occasionally the development of sub-

grains and irregular, sutured grain boundaries. Small 



Figure 16. Photograph of fault-
ed amphibolite gneiss clast in 
migmatite at Goodrich Dells, 
Sec. 25, TJlN, RJE. 
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anhedral grains and blebs of quartz occur as inclusions 

within larger grains of feldspar and hornblende. Quartz 

occurs as bimodal grains with the finer-sized grains 

occurring in the recrystallized matrix and the larger, 

medium-sized grains occurring with feldspars as lenses 

or pods (megacrysts) in the gneisses. 

Plagioclase ranges from 10 to 45 percent of the 

gneissic rocks. It occurs both as porphyroclasts and 

also as a "matrix former" in the gneisses. Porphyro-

clastic plagioclase is usually a single grain, up to 2 

mm in length. These grains occur in the granitic, 

quartz monzonitic and granodioritic gneisses, usually 

at cross-angles to the foliation, and are consistently 

larger than the matrix plagioclase. In most of the 

samples, the bimodality is defined by the presence of 

pods of recrystallized plagioclase, often occurring 

with quartz and feldspar. Commonly, the min-

erals surrounding these pods undulate with, and help to 

define these lensoidal structures. In some samples 

both the single porphroclasts of plagioclase and the 

pods of quartz ! plagioclase + K-feldspar are absent 

altogether, or make up only a small percentage of the 

rock. The matrix plagioclase is usually fine-grained, 

subhedral and equidimensional, occurring in a crystallo-

blastic mosaic with other matrix minerals. It is domi-

nantly albite and Carlsbad twinned and .may contain 

small inclusions of round quartz blebs, subhedral 



biotite, and euhedral zircon and apatite. In some of 

the samples the plagioclase shows heavy alteration to 

sericite, with twinning barely visible. 
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Anhedral to subhedral biotite comprises the major, 

and often single, mafic mineral in the granitic and 

quartz monzonitic gneisses. In the granodioritic and 

amphibolite gneisses it often occurs with hornblende 

(see Table 2). It occurs most often as fine-grained 

laths, though it may range up to 2 mm in length. When 

biotite and hornblende occur together they are most 

often intergrown. Usually the biotite is a dark-brown 

to a tan-brown color. Euhedral apatite and zircon are 

often included in the biotite grains. Epidote and alla-

nite are often associated with biotite and alteration 

of biotite to chlorite and epidote occurs, though usu-

ally never to completion. Bimodality within the gneis-

ses is further defined by the presence of two biotite 

sizes (Fig. 14). The larger biotites, up to 2 mm in 

length, occur as subhedral laths arranged in clots or 

megacrysts. The smaller, fine-grained biotites occur 

as isolated subhedral laths within the groundmass. Bio-

tite often defines the foliation in the gneisses and 

has a dimensional preferred orientation. 

Hornblende occurs as the major mafic mineral in 

the amphibolite gneisses and is often present as the 

major mafic mineral with biotite in the granodioritic 

gneisses. Usually the hornblende is a pale green to 
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deep blue-green color .and occurs as anhedral to subhe-

dral grains up to 4 mm in length. Sphene is·· often pre-

sent with the hornblende. Hornblende within the gneis-

ses has a dimensional preferred orientation and, along 

with biotite, helps define foliation and lineation. In 

some of the samples hornblende approaches a poikiloblas-

tic texture, being rich with inclusions of quartz, bio-

tite, and plagioclase. 

Almandine garnet occurs in two of the granodioritic 

gneisses as euhedral, poikilitic grains up to 2 mm in 

diameter. Quartz, plagioclase and magnetite occur as 

inclusions within the garnets. 

Apatite and zircon are nearly ubiquitous and occur 

as ·small, isolated grains which are sometimes contained 

within feldspars, but more often as euhedral grains in 

the proximity of biotite and are often concentrated 

within the biotite itself. 

Allanite is found in several gneisses as small, an-

hedral to euhedral brownish grains within or near to 

biotite, sphene, and plagioclase. Occasionally the al-

lani te grains are greatly altered and alteration '"' pro-

ducts include highly birefringent epidote overgrowths 

and muscovite. Both allanite and epidote may be con-

tained by biotite, and epidote usually extends into 

surrounding biotite in symplectic intergrowths. 
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Cataclastic Gneisses 

Cataclastic gneisses were observed at several lo-

calities in the study area: at Goodrich Dells (SEi, 

Sec. 25, T31N, R3E), in the town of Athens (SWi, Sec. 

31, T30N, R4E), and in Athens County Park (SWi, Sec. 6, 

T29N, R4E). The rocks at Goodrich Dells are granitic 

gneisses and include samples TAY: 1-11, 1-13, 1-15, and 

1-16. Another granitic gneiss from the same area, TAY: 

1-8, shows no deformation (see Figs. 9 and 10, and 

Table 2). The rocks at Goodrich Dells appear to show 

local progressive shearing of the granitic gneiss. The 

cataclastic gneisses present in the town of Athens and 

in Athens County Park are closely associated with de-

formed volcanic rocks in the area. 

Mineralogically, the rocks are similar to those de-

scribed previously as granitic gneisses. Texturally, 

the rocks contain fluxion structure, and as cataclasis 

appears dominant over neomineralization-recrystalliza-

tion, would be classified as protomylonites (after 

Higgins, 1971). 

The rocks consist of a coherent crush-breccia com-

posed of megascopically visible granitic fragments that 

are generally lenticular and separated by gliding sur-

faces filled with finely ground granitic material (Fig. 

17). The fragments of granitic gneiss comprise more 

than 50 percent of the rock. 



Figure 17. Photomicrograph of a cataclastic 
granitic gneiss. Note the mortar texture, the 
comminution of grains, and the alteration of 
feldspars. Crossed polars. Field of view is 
2 mm across. Sample TAY: 1-15. 
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Cataclastic textures include quartz and feldspar 

mortar, streaks of fine-grained quartz, feldspar and 

biotite, and bent twin and fractures in unre-

crystallized plagioclase. Quartz grains are elongated, 

comminuted, and severely strained. Microcline also ex-

hibits comminution, fractures and alteration to seri-

cite, chlorite and biotite. Large biotites have been 

deformed and cormninuted into lens-shaped masses whi'ch 

are streaked out along the fluxion planes and around 

porphyroclasts of feldspar and quartz. The virtual dis-

appearance of original biotite is not uncommon (see 

Table 2, sample TAY: 1-1J). The biotites are most 

readily altered to chlorite, with magnetite and sphene 

as by-products. Biotite seldom undergoes cataclasis 

without chemical change. Iron is commonly expelled from 

biotite to form magnetite, which occurs in thin streaks 

along fluxion planes and helps define them. Titanium 

may also be expelled from biotite during cataclasis to 

form sphene. Recrystallized fine-grained laths of bio-

tite formed into spindle-shaped clusters also occur. 

Epidote is also formed during cataclasis, and occurs as 

small anhedral grains with chlorite in the fine-grained 

mortar matrix. 

Meta-volcanic Rocks 

Volcanic rocks underlie that part of the study area 

southeast of a line trending approximately N75°E through 
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Athens, Wisconsin. Within the study area the volcanics 

range in composition from basalt to rhyolite and exhi-

bit a variety of textures and primary structures. They 

include massive flows, flow breccias, tuffs, and possi-

ble volcanogenic sediments. The rocks have locally 

undergone low-grade metamorphism and cataclasis. Pri-

mary textures and structures are occasionally well pre-

served; elsewhere metamorphism has partially to complete-

ly obliterated volcanic features. 

Eighty-five samples were selected for sectioning 

and microscopic study. The sample locations are listed 

in Appendix I. 

Mafic Volcanic Rocks 

Basaltic rocks, typically metamorphosed to lower 

greenschist facies, occur along Black and Drewek Creeks 

4 miles southeast of Athens, and along Highway H 2 miles 

northeast of Ponatowski. Megascopically, the metabasalts 

are typically dark green to black, aphanitic, and foli-

ated. Locally they appear to be intercalated with more 

felsic volcanics as indicated by recrystallized quartz-

calci te pods and boudinaged felsic (Fig. 18). 

Even the freshest metabasalt contains very few pri-

mary minerals. The greenstones are largely composed of 

chlorite, epidote, opaques, feldspar, and quartz, indi-

cating a greenschist facies Minor miner-

als and accessoriss include calcite, actinolite, sphene, 

pyrite, sericite, leucoxene, and iron oxides. Primary 



Figure 18. Photograph of a meta-
basalt. Note t he fo l iation and 
boudinage structure. The boudi n 
is a felsic, quartz - carbonate 
rich metavolcanic. The ruler i s 
six inches long. Sample ATH: 53, 
taken along Highway H, 2 miles 
northeast of Ponatowski. 



textures, including a fine felty groundmass with por-

phyritic or amygdaloidal textures, are preserved in 

places. 

48 

Chlorite ranges from 10 to 50 percent of the rock 

and occurs as fibrous aggregates (up to 0.1 mm) and 

amorphous masses. Epidote is observed as anhedral 

grains up to 0.1 mm in diameter and ranges from 10 to 

JO percent of the rock. Both chlorite and epidote 

appear to be randomly replacing large portions of apha-

ni tic groundmass material. They both contain a brown-

ish amorphous material (probably iron oxides or leucox-

ene) which makes up a portion of the ground.mass. 

Plagioclase ranges from trace amounts to JO per-

cent of the rock and occurs as aphanitic to fine-grained, 

anhedral to subhedral laths. It is rarely twinned and 

exhibits trachytic texture. Quartz, ranging up to 10 

percent of the rock, is found as anhedral equant grains 

up to 0.5 mm in diameter within the groundmass. It 

also occurs in pods with calcite as fine- to medium-

grained crystals. These pods may likely be 

li_zed amygdules. 

Opaque oxides make up from trace amounts to 10 

percent of the total rock composition. They most com-

monly occur as aphanitic euhedral magnetite crystals 

disseminated throughout the groundmass. Magnetite is 

typically ·altered to fine-grained leucoxene and iron 

oxides. 



Accessory minerals such as calcite, actinolite, 

sphene, pyrite, and sericite generally make up from 

trace amounts to 5 percent of the total rock . composi-

tion. Calcite occurs as anhedral masses replacing por-

tions of the rock in a patchy distribution and as mi-

nute vein fillings. It also occurs as fine-grained, 

anhedral crystals in pods with quartz. Actinolite oc-

curs as fine-grained, ragged, anhedral crystals largely 

replaced by chlorite and epidote. Sphene occurs as 

fine-grained rhombohedrons associated with chlorite and 

epidote in the groundmass. Pyrite is observed as small 

cubes up to 0.1 mm across, and as subhedral equant 

grains within the groundmass. Sericite occurs as a 

fine-grained, flaky secondary mineral associated with 

chlorite in the groundmass. 

Intermediate Volcanic Rocks 

Dacitic rocks occur along Drewek Creek 3 miles 

southeast of Athens, and along Highway H, 2 miles north-

east of Ponatowski. The dacites tend to be less chlor-

itic than the basalts, are porphyritic, and may grade 

into andesites with a decrease in quartz content. 

These rocks are light to dark green on both weathered 

and fresh surfaces, and are massive or foliated. The 

dacites consist of plagioclase, quartz, chlorite, epi-

dote, sericite, carbonate, and opaques. 
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Plagioclase occurs as fine- to medium-grained, an-

hedral to subhedral phenocrysts. The phenocrysts, 

ranging from 3 to 30 percent of the rock, are commonly 

heavily altered to sericite, epidote, carbonate, and 

chlorite. Epidote has sometimes completely replaced 

the feldspar crystal. 

Quartz phenocrysts comprise up to 20 percent of 

the rock and occur as fine- to medium-grained, anhedral 

to euhedral crystals. Occasionally volcanic quartz 

embayment textures are preserved. Typically the quartz 

phenocrysts are inclusion-free, but inclusions of plag-

ioclase, sericite, chlorite and calcite occur. 

The recrystallized, aphanitic to fine-grained 

ground.mass (50-90 percent of the rock) is composed of 

plagioclase, quartz, chlorite, sericite, calcite, and 

opaques. 

Felsic Volcanic Rocks 

Rocks classed as felsic volcanics include rhyolites, 

rhyodacites, and quartz latites, but no attempt was 

made to distinguish between these in the field. In 

this study, they will be referred to as rhyolitic vol-

canics or felsic volcanics. The vast majority of vol-

rocks in the study area are felsic volcanics 

which exhibit a variety of textural types including la-

pilli tuffs, crystal tuffs, massive flows, and possible 

pyroclastic breccias and volcanogenic sediments. 
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A felsic lithic-crystal tuff unit occurs 3 miles 

northeast of Ponatowski. In outcrop the unit is dark 

green, foliated, and contains large clasts (up to 7 cm) 

of flattened and rotated volcanic rock fragments, in 

addition to phenocrysts (Fig. 19). The major constit-

uents of the lithic-crystal tuff unit include plagio-

clase crystals, volcanic rock fragments, and flattened 

pumice fragments within an altered matrix of chlorite, 

opaque oxides, sericite, and carbonate (Figs. 20 and 

21) I 

Plagioclase grains, up to 1 mm long, are the domi-

nant crystal type recognizable and comprise up to 20 

percent of the rock. The crystals are generally tabu-

lar, occasionally broken, and commonly show alteration 

to sericite, calcite, and chlorite. 

Intermediate to felsic volcanic rock fragments 

typically comprise up to 40 percent of the rock and 

range from less than 1 mm to 15 mm in diameter and up 

to 70 mm in length. The fragments are angular to 

rounded and rGtated and flattened parallel to the plane 

of foliation. They are generally andesitic to latitic 

in composition. Many are thoroughly altered to chlor-

ite, sericite, and calcite. 

Chlorite is the dominant matrix constituent com-

posing from 15 to 40 percent of the tuff. It occurs 

primarily as irregular masses but may also occur as 

platy grains. Chlorite mostly replaces mafic crystals 



Figure 19. Photograph of a lithic-crystal tuff 
unit. Note the volcanic rock fragments. The 
ruler is six inches long. Sample HAM: 1-1. 
The outcrop is located 3 miles northeast of 
Ponatowski. 
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Figure 20. Photomicrograph of a lithic- crystal 
tuff unit. Note the volcanic rock fragments and 
angular phenocrysts. Crossed polars. Sample 
HAM: 1-lb, oriented perpendicular to foliation. 
Field of view is 7 mm across. 

Figure 21. 
tuff unit. 

Photomicrograph of a lithic-crystal 
Same view as above. Ordinary light. 
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and occurs as the interstitial matrix between crystals 

and rock fragments. Calcite, epidote, and opaque ox-

ides comprise up to 5 percent of the rock and occur 

with chlorite in the matrix. Calcite, up to 1 mm in 

size, occurs as subhedral grains replacing plagioclase 

and large patches within the matrix. Opaque oxides, 

principally magnetite, occur as anhedral to subhedral 

grains randomly sprinkled throughout the rock. 

The minor constituents of the lapilli tuff unit 

occur in varying amounts and include quartz, sericite, 

biotite, and limonite. Quartz comprises less than 5 

percent of the rock as anhedral grains up to 0.5 mm 

long. Sericite and biotite comprise up to 5 percent 

of the rock as scaly patches within the matrix. 

Massive flows and recrystallized tuffaceous units 

varying in composition from quartz latites to rhyolites 

occur at several locations. Quartz latite meta-tuffa-

ceous units occur 1 mile southwest of Athens along 

Potato Creek and are also exposed in a roadcut li miles 

northea$t of Athens, just south of Highway A. These 

rocks are inequigranular, porphyritic, and foliated. 

Major grain constituents include plagioclase, potassium 

feldspar, quartz phenocrysts in a finer grained 

recrystallized groundmass of quartz, feldspar, musco-

vite, and biotite (Fig. 22). Minor constituents in-

clude calcite, opaques, sericite, chlorite, epidote, 

apatite, and allanite. Phenocrysts account for 10 to 



Figure 22. Photomicrograph of a meta-quartz 
latite. Note the glomeroporphyritic texture 
and recrystallized groundmass. Crossed pol-
ars. Sample ATH: 50-lb. Fiel d of view is 7 
mm. 
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40 percent of the rock and' plagioclase accounts for 50-
75 percent, and quartz about 5 percent, of the pheno -

crysts. Potassium feldspar generally occurs in trace 

amounts, but locally makes up one-fourth of the pheno-

crysts. 

Plagioclase phenocrysts are up to J mm in diameter, 

euhedral to anhedral, and occasionally include _subhedral 

to anhedral quartz and crystals. They are 

often extensively altered to sericite, chlorite and 

calcite. The plagioclase phenocrysts often occur in 
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clumps with K-feldspar phenocrysts, producing a glomer-

oporphyritic texture as seen in Figure 22. Phenocrysts 

of quartz are generally anhedral, undulose, and range 

up to 2 mm in diameter. Phenocrysts of orthoclase up 

to 1 mm across are subhedral to anhedral. Clumps of 

intergrown feldspar, including some microcline, and 

quartz occur and may represent recrystallized amygdules. 

The grains are anhedral and show various stages of al-

teration to sericite, carbonate, chlorite, and biotite. 

The groundmass of the quartz latitic rocks con-

sists predominantly of recrystallized anhedral quartz 

and feldspar, fine-grained anhedral plates and subhe-

dral laths of biotite and muscovite, anhedral epidote, 

and chlorite. Chlorite is also present as 0.1 mm wide 

veinlets. Trace amounts of magnetite, hematite, alla-

nite, and apatite also occur in the ground.mass. 

Rhyodacitic and rhyolitic rocks within the field 

area occur as massive flow and meta-tuffaceous units. 

The tuffaceous units are similar to the quartz latite 

units already described, but plagioclase is the predom-

inant feldspar. Within the tuffaceous rhyodacite units, 

plagioclase phenocrysts up to J mm in length are euhe-

dral to subhedral and slightly altered to sericite, 

chlorite, and biotite. Subhedral quartz grains make up 

5 percent of the phenocrysts and occur as subhedral 

crystals. Within the massive flow unit, quartz grains 

comprise up to 20 percent of the phenocrysts and commonly 
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exhibit volcanic embayment textures (Figures 23 and 24). 

Plagioclase phenocrysts within the massive unit are ex-

tensively altered to sericite, calcite, and chlorite. 

The groundmass of the rhyodacitic rocks consists 

of fine-grained, anhedral quartz and feldspar, 0,1 mm 

anhedral chlorite, sericite, and biotite, and very fine-

grained dusty opaques, in addition to calcite. 

Felsite volcanic rocks (or possible volcanogenic 

sediments) occur at several localities within the field 

area. The rocks are fine-grained, equigranular, and 

felsic in composition. Phenocrysts are typically ab-

sent (Fig. 25). Compositionally the felsites are com-

posed of anhedral quartz and feldspar less than 0.5 mm 

in diameter, sericite and muscovite, chlorite, biotite, 

and trace amounts of apatite and magnetite. The rocks 

are typically foliated and recrystallized, with the 

micas defining the foliation. These units could also be 

classified as phyllites. 

Deformed Volcanic Rocks 

Within the metavolcanic terrane cataclastic tex-

tures are very difficult to recognize as porphyritic 

volcanic or metavolcanic rocks are easily confused with 

cataclastic rocks. Thus the extent of cataclastic de-

formation in volcanic rocks is quite difficult to assess. 

The present literature on the interpretation of 

volcanic textures in a shearing environment is extremely 



Figure 23. Photomicrograph of a rhyodacite. 
Note the volcanic embayment textures in the 
quartz, and the altered feldspars. Crossed 
polars. Sample ATH: 58-8. Field of view is 
7 mm across. 

Figure 24. Photomicrograph of a rhyodacite. 
Note the quartz embayment textures and the flow 
structure in the groundmass. Same view as 
above. Ordinary light. 

58 



Figure 25. Photomicrograph of a felsite (?) 
volcanic rock. Note the fine-grained quartzo-
feldspathic groundmass and absence of pheno-
crysts. Crossed polars. Sample ATH: 59-7· 
Field of view is 7 mm across. 

59 

meagre. However, Higgins (1971) states that cataclas-

tic rocks are commonly recognized by the presence of 

porphyroclasts and streaking or other visible fluxion 

structure. One of Higgins' criteria for the recogni-

tion of cataclastic rocks is that porphyroclasts tend 

to be rounded, whereas euhedral or subhedral shapes are 

more common for phenocrysts in volcanic and metavolcanic 

rocks. He stresses that this criteria should be used 

with caution as euhedral and subhedral porphyroclasts 

are not unknovm, and rounded phenocrysts do occur in 
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some volcanic and metavolcanic rocks, particularly in 

tuffaceous rocks and welded tuffs. Further, round or 

nearly round porphyroblasts are also known. Another 

criterion Higgins uses in distinguishing porphyroclasts 

from phenocrysts and porphyroblasts is mineralogy. 

During cataclasis quartz deforms more readily than feld-

spars and most are feldspars. Porphyro-

clasts of quartz, Higgins states, are rare in cataclas-

tic rocks, but quartz phenocrysts are fairly common in 

volcanic, metavolcanic, and igneous intrusive rocks. 

The metavolcanic rocks in the present study area 

are locally cataclastic. At one locality 3 miles east 

of Athens along Black Creek, a granodiorite intrudes a 

rhyodacite. In thin section both units show cataclas-

tic textures near and along the contact between the 

units (Fig. 26). Within the volcanic unit plagioclase 

phenocrysts have been sheared and microfaulted (Fig. 

27) and the recrystallized groundmass also shows defor-

mation (Fig. 28). 

Most of the deformed volcanic rocks are strongly 

foliated due to the extensive development of layer sili-

cates. The felsic volcanic rocks tend to have a seri-

citic-muscovite groundmass, whereas and 

mafic volcanic rocks tend to have chloritic groundmas-

ses. In the metavolcanic rocks the strain caused by 

shearing stresses may have been taken up by flowage and 

recrystallization of the matrix, leaving relatively 



Figure 26. Photomicrograph of cataclasis along 
the contact between a granodiorite and a rhyo-
dacite. Note the strained quartz grains and 
irregular quartz grain boundaries. Crossed po-
lars. Sample ATH: 59-2. Field of view 7 mm. 

F.igure 27. Photomicrograph of a micro-faulted 
plagioclase phenocryst in a rhyodacite. Crossed 
polars. Sample ATH: 59-2. Field of view is 7 
mm across. 
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Figure 28. Photomicrograph of cataclastic 
deformation of the volcanic groundmass in a 
rhyodacite unit. Crossed polars. Sample 
ATH: 59-2. Field of view is 2 mm across. 
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euhedral phenocrysts in a highly foliated micaceous 

matrix (Figs. 29 and JO). Deformation of rhyolitic 

tuffs may result in flattening and/or elongation of the 

volcanic fragments; this texture could be confused with 

primary layering of the tuffaceous unit. In some of 

the felsic volcanic units the phenocrysts show rotation 

into the plane of foliation (cataclastic deformation or 

primary flow structure?) and are boudinaged. Most often 

the megacrysts are partially to completely surrounded 

and delineated by micaceous secondary minerals as can 

be seen in Figure 29. 
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Figure 29. Photomicrograph of a cataclastic meta-
rhyodacite. Note the relatively euhedral, broken 
and zoned plagioclase phenocryst surrounded by 
secondary micaceous minerals. Crossed polars. 
Sample ATH: 51-13. Field of view is 2 mm across. 

Figure 30. Photomicrograph of a porphyritic meta-
dacite. Note the undulose quartz phenocryst and 
the subhedral plagioclase phenocrysts. Crossed 
polars. Sample ATH: 53-1. Field of view 7 mm. 



Figure J1. Photomicrograph of a blastomylonite. 
Note the absence of phenocrysts and porphyro-
clasts, the spaced schistosity, and the fluxion 
structure. Crossed polars. Sample ATH: 51-2. 
Field of view is 7 mm across. 

At Athens County Park, phenocrysts or porphyro-
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clasts are not present and the protolith is very diffi-

cult to determine (Fig. J1). This unit occurs about 

250 feet southwest of a meta-rhyodacite unit. The rock 

is classified as a blastomylonite as it exhibits streak-

ing and fluxion structure, and neomineralization-recry-

stallization appears dominant over cataclasis. It may 

originally have been a vitric tuff, a sediment, or a 

highly sheared felsic igneous rock. 



It is possible that strain resulting from shearing 

stresses is more easily assimilated in volcanic rocks, 

as compared to coarser-grained intrusive rocks, and 

that this assimilation occurs principally in the ground-

mass. With recrystallization often occurring simultan-

eously with deformation, little to no evidence of the 

stress environment may be apparent, especially when 

phenocrysts or porphyroclasts are lacking in the rock. 

Meta-plutonic Rocks 

Introduction 

The metamorphic terrane in northwestern Marathon 

County has been intruded in a number of places by 

plutons of tonalitic to granitic composition along with 

several gabbroic bodies. The felsic intrusives all 

show cataclastic textures and are classified according 

to Higgins (1971). 

Felsic Plutonic Rocks 

Tonalitic and granodioritic rnylonite gneisses are 

present as intrusives into metavolcanic rocks in Mara-

thon County Park in Athens, Wisconsin, along Black 

Creek 2 miles east of Athens, and near Drewek Creek J 

miles southeast of Athens. Mineralogically, biotite, 

hornblende, or both are conspicuous in the quartzofeld-

spathic rocks and often impart a weak to moderately 

strong foliation to the rocks. 
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Granitic mylonite gneisses intrude gneissic rocks 

along Black Creek .3 miles northwest of Athens, and 

along Rib River 6 miles northeast of Athens. Minera-

logically, the rocks consist of microcline, quartz, and 

plagioclase, with biotite as the common mafic mineral. 

Sixteen samples of cataclastic felsic intrusives 

were selected for sectioning and microscopic study. 

Modal analyses of 8 samples are given in Table J. The 

sample locations are listed in Appendix I. 

Twelve thin sections of tonalitic and granodioritic 

mylonite gneisses were examined. The samples are holo-

crystalline, inequigranular, and display cataclastic 

textures. The tonalitic rocks contain plagioclase 

(An10 ), 20-.35 percent quartz, muscovite and occasional 

biotite, and little to no potassium feldspar. Accessory 

minerals include chlorite, calcite, epidote, sericite, 

and minor sphene, zircon and apatite. The same mineral 

assemblage is present in the granodioritic rocks, 

although K-feldspar is present in greater amounts. 

Texturally, the rocks are classified as mylonite gneis-

ses, having fluxion structure, recrystallization-neomin-

eralization dominant over cataclasis, and greater than 

JO percent of the rock being composed of porphyroclasts. 

Plagioclase occurs as medium- to coarse-grained, 

subrounded to rounded porphyroclasts and as fine-grained 

"matrix" minerals. The unrecrystallized plagioclase 

porphyroclasts often show bent twin lamellae, fractures 



Table 3. Modal Analyses of Felsic Plutonic Rocks 

SA'1PLES 
MINERALS 

55-7 60-1 60-2 61-1 51-14 59-1 59-5 58-20 
Plagioclase 11. 0 1. 7 16.8 14.9 32.2 41. 2 42.7 47.6 
K Feldspar 47.5 74.3 42.6 53.5 8.5 3.9 2.9 -
Quartz 36.7 10.2 38.0 25.2 25.2 39.5 20.0 34.6 
Muscovite 1. 7 - 0.6 0.9 6.0 3.3 0.4 6.5 
Biotite 2.2 - - 3.6 21.0 - - -
Sericite 0.3 - 0.9 0.8 4.4 4.8 2.6 6.1 
Chlorite - - - 0.2 - 5.6 13.2 3.3 
Epidote - 1.3 0.5 0.3 - - 13.6 -
Carbonate - - - - 1.8 0.9 2.6 1.9 
Opaques - - - - - 0.2 1. 2 -
Sphene - - - - 0.6 0.3 0.6 ·-
Zoisite - 12.4 - - - - - -
Garnet - - 0.2 - - - - -
Apatite - - 0.2 0.2 0.3 - 0.1 -
Allanite - - - 0.3 - 0.3 - -
Saussurite 0.5 - - - - - · - -
TOTAL 99.9 99.9 99.8 99.9 99.9 100.0 99.9 100.0 

Samples 55-7, 60-1, 60-2, and 61-1 would be classified as 
granites (see Appendix II). Samples 51-14, 59-1 and 59-5 
are granodiorites. Sample 58-20 is a tonalite. 
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and comminution, and rotation of the grains into the 

plane of foliation (.Figs. 32 and JJ). Saussuritization 

and sericitization of plagioclase is common. Finer-

grained plagioclase occurs with quartz and other miner-

als in a crystalloblastic "groundmass mosaic" and with 

quartz in recrystallized veinlets. Plagioclase compo-

sitions, as determined by the Michel Levy method, 

range from An4 to An15 • 

Quartz is fine- to medium-grained, comminuted, and 

oftentimes elongated or rounded. Irregular boundaries 

and undulose grains are common, with sharper extinction 

and polygonal boundaries developed where recrystalliza-

tion has occurred. Mortar textures are often present. 

Muscovite occurs as both a primary and a secondary 

mineral. In several samples deformation has kinked and 

fractured the primary muscovite grains, with resultant 

alteration to chlorite occurring along the fractures 

(Fig. J4). Primary muscovite is anhedral to subhedral 

and ranges up to 4 mm in length. Elsewhere, muscovite 

occurs as fine-grained, subhedral laths within the ma-

trix. 

PotassiUi.il feldspar, when present, occurs as both 

porphyroclasts and finer-grained matrix material. Like 

plagioclase, the K-feldspar porphyroclasts are often 

fractured and comminuted, and altered to sericite and 

carbonate. Finer-grained K-feldspar occurs with quartz, 

plagioclase, and other minerals in the groundmass. 



_Figure 32. Photomicrograph of a cat aclastic gran-
odiorite, now a mylonite gneiss. Note the mortar 
texture, fractured feldspar grain, and the fluxion 
structure. Crossed polars. Sample A'TH: 59-1. 
Field of view is 7 mm across. 

Figure 33. Photomicrograph of a cataclastic 
granodiorite, now a mylonite gneiss. Same view 
as above. Ordinary light. 



Figure 34. Photomicrograph of a kinked and 
fractured primary muscovite grain in a grano-
dioritic mylonite gneiss. The dark mineral 
filling in the fractures is chlorite. 
Crossed polars. Sample ATH: 58-20. Field 
of view is 2 mm across. 

Minor amounts of calcite, sericite, epidote, and 
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saussurite occur as secondary replacements of feldspar 

and biotite. The darker minerals, such as biotite, 

chlorite, and opaques, also occur in minor amounts and 

often partially to completely surround the porphyro-

clasts, helping to define the fluxion structure in the 

rocks. In one sample, ATH: 59-5, epidote and chlorite 

each compose up to 13 percent of the rock. 

Four thin sections of granitic mylonite gneisses 

were examined. Mineralogically, the granitic rocks are 

composed of microcline, quartz, and plagioclase with 
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lesser biotite, muscovite, and epidote. Plagioclase 

compositions range from An5 to An25 , as determined by 

the Michel-Levy method. The granitic samples are holo-

crystalline, and display cataclastic 

textures. Myrmekitic textures are common in the rocks, 

with wormlike bodies of quartz enclosed in sodic plag-

ioclase replacing potassium feldspars. Porphyroclasts 

of microcline and plagioclase are often coarse-grained 

to pegmatitic, and a crude fluxion structure is visible 

only in hand specimen. Fractured, anhedral almandine 

garnet is ;present in one of the granitic samples, with 

fine-grained biotite laths filling the fractures (Figs. 

35 and 36). In sample ATH: 60-1, 13 percent of the 

rock consists of fibrous zoisite and approximately 2 

percent of anhedral epidote, which occur as irregular 

intergrowths between comminuted quartz and feldspar 

porphyroclasts. 

Mafic Intrusive Rocks 

In northwestern Marathon County several small 

mafic bodies crop out as ridges within the metavolcanic 

terrane. The units appear to parallel the boundary be-

tween the gneiss terrane and the metavolcanic terrane 

which trends approximately N75°E through Athens, 

Wisconsin. The mafic units consist of massive, meta-

morphosed diabase dikes and/or sills, an anorthosite 

unit, and weak to moderately foliated hornblende-



Figure 35. Photomicrograph of a granitic mylonite 
gneiss containing garnets and myrmekitic textures. 
Crossed polars. Sample ATH: 60-2. Field of view 
is 7 mm across. 

Figure 36. Photomicrograph of a granitic mylon-
ite gneiss. Note the biotite laths filling in 
the fractures in the garnet. Same view as above. 
Ordinary light. 
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actinolite schists. Megascopically, outcrop exposures 

are dark green to black on the weathered surface and 

fresh fracture. The units are locally cut by 2- to 3-
inch wide quartz dikes, which have been locally faulted 

(Fig. 37). 
Fifteen mafic rock samples were studied in thin 

section. The samples are fine- to coarse-grained 

rocks of gabbroic and dioritic composition. Six of the 

samples are massive and were termed diabase accordingly. 

Nine of the samples exhibit a weak to moderate folia-

tion and thus were termed schists. All of the mafic 

rocks have been metamorphosed and show varying degrees 

of alteration and recrystallization to greenschist 

facies. 

The mafic rocks are typically holocrystalline, 

inequigranular, and fine- to coarse-grained. Mineralo-

gically, the rocks are composed largely of hornblende 

and/or actinolite, plagioclase, epidote, and sphene, 

with minor amounts of quartz, potassium feldspar, chlor-

ite, calcite, sericite, saussurite, magnetite and py-

rite, apatite and possible zircon, also present. 

Arnphiboles make up from JO to 80 percent of the 

rocks. Highly pleochroic green to brown crystals were 

identified as hornblende and pale green crystals as 

actinolite. Actinolite generally occurs as fine- to 

medium-grained fibrous crystals in parallel, subparallel 

or radial aggregates (Fig. 38). Actinolite less 
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Figure 37· Photograph of a massive metadiabase 
unit cut by a quartz vein; both have been faulted. 
The ruler is six inches long. Sample ATH: 57-1. 

Figure JS. Photomicrograph of a moderately fol-
iated hornblende-actinolite schist. Note the 
parallel aggregates of fibrous actinolite. 
Crossed polars. Sample ATH: 52-17. Field of 
view is 7 mm across. 
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commonly occurs as fine-grained needles in plagioclase. 

Hornblende generally occurs as fine- to coarse-grained, 

anhedral plates and fibrous laths. Hornblende and ac-

tinolite often have very irregular, ragged boundaries, 

and are often poikilitic with inclusions of plagioclase, 

epidote, sphene, and quartz. The occurrence of fibrous 

amphiboles is probably the result of the alteration of 

pyroxenes due to low-grade greenschist facies metamor-

phism. 

Plagioclase ranges from 20 to 50 percent of the 

rock in the diabases and schists, and up to 85 percent 

of the rock in the anorthosite unit. It occurs as fine-

to medium-grained, anhedral to subhedral plates and 

laths. The grain boundaries are often ragged and ir-

regular, and fractured or bent laths are not uncommon 

(Fig. 39). Few plagioclase determinations using the 

Michel-Levy method could be made due to lack of twin-

ning and alteration. However, several of the samples 

(ATH: 49-1 and ATH: 52-25) have compositions of ande-

sine and labradorite. In some samples the feldspar 

crystals are clear and fresh, in others they are heav-

ily charged with minute inclusions of epidote, amphi-

bole, and opaques. In still others they are thoroughly 

altered to cloudy masses of saussurite, accompanied by 

albite, quartz, calcite, and chlorite. Such saussuri-

tic alteration probably resulted from low-grade green-

schist facies metamorphism. 



Figure J9. Photomicrograph of a massive meta-
diabase. Note the large poikilitic hornblende 
crystals and the ragged, altered plagioclase. 
Crossed polars. Sample ATH: 52-19. Field of 
view is 7 mm across. 
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Epidote and chlorite are generally closely asso-

ciated with actinolite and hornblende and range from a 

few percent to 15 percent of the mafic rocks. They 

occur both as alteration products in plagioclase, ac-

tinolite, and hornblende grains, and as interstitial 

anhedral grains. Epidote occurs as fine-grained, anhe-

dral to subhedral crystals, whereas chlorite is most 

often observed as fibrous aggregates and amorphous re-

placement material. Epidote is the only mafic mineral 

present in the anorthosite unit (ATH: 59-J) and occurs 

as fine-grained, anhedral crystals between plagioclase 

laths. 
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Sphene is present in trace amounts and up to 10 

percent of the rocks. It is closely associated with 

amphibole and occurs as fine-grained, anhedral to sub-

hedral granules. 

Quartz generally comprises 4-5 percent of the 

rocks and may be absent in some samples, as in the 

anorthosite unit. It occurs as anhedral, undulose 

grains up to 1 mm in diameter. Discrete quartz grains 

are interstitial with K-feldspar crystals between plag-

ioclase amphibole, and commonly ·occur as inclusions 

within these minerals. 

Other minor constituents such as potassium feld-

spar, calcite, saussurite, sericite, apatite, and 

opaques generally make up from trace amounts to 5 per-

cent of the total rock composition. Potassium feld-

spar occurs in minor amounts in six of the samples as 

fine-grained, anhedral, interstitial grains. Opaque 

oxides are most abundant, commonly occurring as anhe-

dral crystals or secondary minute granules. Magnetite 

may be altered to fine-grained leucoxene and iron ox-

ides. Apatite and zircon occur _ as subhedral to anhe-

dral crystals, less than 0.1 mm long, in trace amounts 

interstitially or within feldspar laths. Other secon-

dary minerals including sericite and calcite, range from 

trace amounts to several percent of the rock. Sericite 

occurs as aphanitic to fine-grained crystals, while cal-

cite occurs as anhedral patches commonly replacing 
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feldspar. Saussurite is also present in trace amounts, 

occurring as cloudy anhedral masses in altered plagio-

clase grains. 

Interpretation of Petrology 

Gneissic Rocks 

Foliated rocks of high metamorphic grade are gen-

erally products of regional metamorphism involving de-

formation at high temperatures and pressures. In north-

western Marathon County the gneisses are typically com-

posed of a quartzofeldspathic assemblage containing 

quartz-microcline-plagioclase-biotite-muscovite or a 

mafic assemblage consisting of hornblende-plagioclase-

epidote-almandine-bioti te (-quartz) . The mineral assem-

blages are diagnostic of amphibolite facies metamor-

phism under moderate to high temperature and pressure 

conditions. Quartzofeldspathic assemblages may be de-

rived from rocks of rather diverse kinds, including 

felsic igneous rocks, sandstones, and graywackes. The 

presence of myrmekitic textures in the granitic and 

quartz monzonitic gneisses may suggest a felsic plu-

tonic protolith for these rocks. Mafic assemblages may 

also be derived from a variety of rock types, including 

mafic igneous rocks and marls. 

Compositional- and are locally pre-

sent in the gneisses, and the rocks are everywhere fol-

iated. Microscopically, there is an obvious preferred 
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orientation of hornblende and/or biotite grains, which 

defines a gneissosity, a lineation, or both. 

Textural relationships in the gneisses indicate 

textural disequilibrium conditions during recrystalli-

zation. Two lines of evidence support this conclusion. 

The first is the presence of undulose and strained 

quartz grains with the development of subgrains and 

irregular, sutured grain boundaries. Locally, condi-

tions approached textural equilibrium as indicated by 

the presence of strain-free grains and straight grain 

boundaries. The second line of evidence for textural 

disequilibrium are the bimodal grain sizes . Quartz 

grains in the gneisses are 0.1 and 1 mm in diameter; 

plagioclase is 0.5 and 2 mm in length; and biotite is 

0.1 and 2 mm in length. The smaller grain sizes typi-

cally occur in the groundmass whereas the larger grains 

are present in pods or lenses. It is noted that this 

bimodality may indicate a relict igneous texture or 

grain size rather than a disequilibrium recrystalliza-

tion texture. 

The presence of migmatites in the gneissic ter-

rane is further evidence for regional metamorphism in-

volving _ deformation at high temperatures and pressures. 

As in most areas, the migmatites cannot be traced back 

to stratigraphically equivalent but unaltered rocks. 

Further, critical textural and compositional evidence 



for the primary process of migmatization appears to 

have been obscured by recrystallization. 
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At Goodrich Dells the rocks show local progressive 

shearing of a granitic gneiss. The gneiss is minera-

logically distinct from the granodioritic and amphibo-

litic gneisses at this location. Granitic protomylon-

ites have been developed from a granitic gneiss by 

shearing, and both appear to have been derived from a 

biotite-rich granite protolith. 

The occurrence of quartzofeldspathic and amphibo-

li tic gneisses, together with local migmatites and cata-

clastic gneisses, defines a high-grade metamorphic com-

plex in northwestern Marathon County. The complex 

represents a high-grade infrastructure similar to 

mantled gneiss domes which have been described (Eskola, 

1949) as dome-shaped cores of old crystalline rocks 

that are interpreted as having been metamorphosed, re-

mobilized, or partly melted and as having intruded 

their overlying (stratified) mantle rocks. 

The complex is lithologically distinct from green-

schist facies metavolcanic rocks which lie to the south. 

The contact between these two terranes contains an 

assortment of cataclastic rocks derived from both ter-

ranes. The cataclastic gneisses present in the town of 

Athens (SWi, Sec. J1, TJON, R4E), and in Athens County 

Park (SWi, Sec. 6, T29N, R4E) are closely associated 

with deformed volcanic rocks in the area. The occurrence 
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and association of these rocks may define a tectoni-

cally controlled braided shear zone separating amphibo-

li te facies rocks to the north from greenschist facies 

rocks to the south. 

Other high-grade infrastructures have been de-

scribed in the literature which are separated tectonic-

ally from a lower-grade suprastructure by a relatively 

thin zone having a steep metamorphic gradient with or 

without complex shearing (Wegmann, 1935; Haller, 1956b, 

1958, 1962; Misch and Hazzard, 1962; den Tex and Vogel, 

1962; Zwart, 1963; Reesor, 1965; Armstrong and Hansen, 

1966; Hyndman, 1968a; Fontielles and Guitard, 1968; 

Campbell, 1970; and Fyson, 1971), 

Meta-volcanic Rocks 

Volcanic rocks ranging in composition from basalt 

to rhyolite are exposed in the study area southeast of 

a line trending approximately N75°E through Athens, 

Wisconsin. The rocks have been locally metamorphosed 

and deformed to greenschist facies. The volcanic se-

quence has been disrupted by faulting and intrusion 

although primary textures and structures are well pre-

served where the rocks are not highly deformed. The 

spatial relationships and mineralogical similarities of 

the felsic volcanic and plutonic rocks suggests the 

plutons may have been emplaced in their own volcanic 

debris. 



Meta-plutonic Rocks 

Felsic Plutonic Rocks 
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Tonalitic to granitic plutonic rocks exhibiting 

varying degrees of cataclastic textures intrude both 

the gneissic and metavolcanic terranes. The deforma-

tion features are not confined to the borders of the 

plutons, implying deformation during emplacement, but 

appear to be pervasive textures, suggesting deformation 

occurred after emplacement of the intrusions. 

The granitic rocks in Marathon County (with the 

exception of the Wolf River Batholith and syenite 

bodies near Wausau) are believed to have been emplaced 

1840 to 1820 m.y. ago during the Penokean Orogeny. The 

various plutons show similar widespread cataclastic fol-

iation, and many have gradational contacts from quartz 

diorites to granites. LaBerge (1980) suggests the var-

ious granitic rocks are co-extensive at depth and may 

form a large composite batholith. 

Mafic Plutonic Rocks 

Gabbroic to dioritic dikes and/or sills intrude 

the metavolcanic terrane in northwestern Marathon County, 

and appear to parallel the boundary between the gneiss 

and metavolcanic terrane. The mafic rocks have been 

metamorphosed to greenschist facies with typical miner-

al assemblages consisting of chlorite-epidote-albite-

(calcite), chlorite-epidote-actinolite-albite, and 

actinolite-epidote-albite. 



STRUCTURAL GEOLOGY 

Penetrative Structures 

Foliation and Schistosity 

Foliation planes in the gneissic terrane are de-

fined by the preferred orientation of hornblende and 

biotite grains, and by quartz-feldspar aggregates. 
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Both dimensional and lattice preferred orientations 

were observed microscopically in the gneissic rocks. 

Foliations in the banded amphibolite gneisses and mig-

matites at Goodrich Dells (SE%, Sec. 25, TJ1N, RJE) are 

defined by hornblende-rich compositional bands, which 

in many cases are folded on a small outcrop scale. The 

attitude of the foliation surface was measured where 

this folding had not occurred. Within the gneissic ter-

rane the foliation planes are dipping steeply to the 

north (60°-80°), with an average strike of N79°E (Fig. 

40). 

Within the metavolcanic terrane foliation surfaces 

and schistosity are defined by the preferred orienta-

tion of layer silicates, quartz-feldspar aggregates, 

and rotated and/or flattened volcanic phenocrysts and 

rock fragments. Fluxion structure measurements were 

also recorded for the cataclastic plutonic rocks loca-

ted in the area. These foliations are cataclastically 
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Figure 40. 79 poles to foliation plaries 
fran the gneissic terrane, plotted and 
contoured on an equal area projection. 
Contour jntervals are 30, 25, 20 and 10% 
of data per 1% area. 
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Figure 41. 269 poles to foliations and 
schistosity fran the rretavolcanic-
plutonic terrane, plotted and contoured 
on an equal area projection. Contour 
intervals are 30, 25, 20 and 10% of data 
per 1% area. 
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produced directed penetrative structures which commonly 

involve a set or family of s-surfaces. The fluxion 

structures are megascopically visible locally in the 

area. Within the schistose mafic units, weak to moder-

ately foliated surfaces- were also observed and recorded. 

The foliations in the metavolcanic terrane show a con-

sistent regional orientation with dips ranging from 55° 

to 75° to the north and an average strike of N71°E (Fig. 

41) . 

Foliation and schistosity data from the different 

terranes are approximately parallel, with foliation 

planes dipping steeply to the north and strikes avera-

ging from N70°E to N8o 0E. 

Lineations 

Lineations within the gneissic terrane are defined 

by the preferred orientation of amphibole and biotite 

grains, and mineral streaking. All lineations observed 

lie in the plane of foliation. The lineations all 

plunge west-northwest at 60° to 80° (Fig. 42). 

The major boundary zone between the gneissic ter-

range and metavolcanic terrane trends approximately 

N75°E through Athens, Wisconsin. Along the eastern 

bank of Black Creek, west of Highway 97 in the town of 

Athens, steep to near-vertical (62°-87°) northwesterly 

plunging lineations were observed in gneisses and fel-

sic metavolcanics. This is consistent with LaBerge's 



ti 

N78°w 73° 

Figure 42. 54 lineations fran the 
gneissic terrane, plotted and contoured 
on an equal area projection at intervals 
of 35, 25, 15 and 5%. 
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Figure 43. 27 lineatians fran meta-
volcanic and cataclastic rocks , plotted 
and contoured on an equal area projedtion 
at intervals of 35, 25, 15 and 5%. 
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(1980) reported structural trends for the major bound-

ary fault zones in Marathon County (see text below) . 

Lineations are also present in the metavolcanic 

and plutonic rocks in the study area. The lineations 

are defined by the preferred orientation of elongated 

volcanic clasts, rotated and elongated and/or boudin-

aged phenocrysts, single biotite grains and pods or 

lenses of biotites, porphyroclasts and fluxion struc-

ture, quartz-feldspar aggregates, boudinaged quartz 

veins, slickenside surfaces, and mineral streaking. 

These lineations plunge northwest at 57° to 87° (Fig. 

43). 

Boudinage structures are present in the metavol-

cani cs, but with only two-dimensional exposure avail-

able their exact orientation is not known. However, at 

one locality in Athens County Park (NE!, SWi, Sec. 16, 

T29N, R4E), a three-dimensional boudinaged quartz vein 

cuts a mylonite unit. The boudin plunges 72° at N28°W 

(Fig. 44). 

LaBerge (1980) reported lineations in gneissic 

rocks in and on the periphery of Marathon County as 

plunging 20°-60° west in the plane of foliation. Line-

ations and fold a_xes along the Rib River near Goodrich 

in Taylor County plunge 30°-40° west, fold axes in 

gneisses near Marshfield plunge about 20° west, linea-

tions in amphibolites along the Little Eau Claire 

River in southeastern Marathon County plunge 60° south-



Figure 44. Photograph of a boudinaged quartz 
vein cutting a mylonite unit. Boudins are just 
to the left of the hammer. The boudin nlunges 
72° at N28°w in the plane of foliation: Athens 
County Park, Sec. 16, T29N, R4E. 
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west, fold axes in migmatitic gneisses at Greenwood in 

Clark 0 and fold at Neills-County plunge 35 west, axes 

ville in Clark County plunge 70° west (Fig. 45). 

LaBerge also reported that lineations in the gneisses 

steepen to near vertical near the major boundary fault 

zones in Marathon County where the gneisses are in con-

tact with greenschist facies volcanic-plutonic rocks. 

Lineations measured in the gneissic terrane in the 

study area are fairly consistent with these reported 

regional structures. 



Figure 45 .. Silrplified map of structural relationships in 
central Wisa:msi.Tl showing the orientation of linear fea-
tures in the gneissic rocks ai."'ld low grade metarorphic 
rocks (fran LaBerge, 1980). 
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LaBerge (1980) reported different lineation trends 

in deformed volcanic and plutonic rocks elsewhere in 

Marathon County. He reports elongated clasts and bou-

dinaged phenocrysts plunging east at 50° or steeper in 

most of the volcanic pendants. Several minor fold axes 

also plunge steeply east to nearly vertical. Most of 

the measured lineations in plutonic rocks that he ob-

served are nearly vertical with some plunging steeply 

to the east. He states that westerly dipping lineations 

are conspicuously absent in the low-grade metavolcanic 

rocks. In the present study area this is not the case. 

However, this may be due more to the proximity of this 

study area to a major boundary fault zone (where the 

rocks are more deformed) than to anything else. 

LaBerge (personal communication) states that along and 

near the major boundary fault zone the steep plunge of 

the lineations, rather than direction of plunge, is the 

important factor. 

Folds 

Folding is common in the amphibolite gneisses and 

migmatites at Goodrich Dells in Taylor County (SEi, 

Sec. 25, TJlN, RJE) (Figs. 46 and 47). Types of folds 

include rootless intrafolial folds, open to isoclinal 

folds, and ptygmatic folds. Ten folds were exposad so 

that the trend as well as the plunge of the fold axis 

could be measured with some degree of confidence. 



Figure 46. Photograph of folding in amphibolite 
gneisses and migmatites at Goodrich Dells in 
Taylor County (SEi, Sec. 25, T31N, RJE). 

Figure 47. Photograph of a pytgmatic fold at 
Goodrich Dells in Taylor County. 
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Eight folds are steeply dipping to vertical with the 

strike of the trend va.x-ying between N62°E and N85°E. 

The plunges of the fold axes are westerly at 47° to 

78°. Two of the folds have trends which strike N42°E 

and N50°E, with easterly plunges of 86° and 75°, re-

spectively (Fig. 48). 

Within the metavolcanic terrane minor folds were 
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observed at two locations (Fig. 48), In the SW! of 

Sec. 6, T29N, R5E, mafic to intermediate metavolcanics 

locally contain open folds with sheared-out limbs (Fig. 

49). The trends of the folds strike S8o 0w to S86°w 

with fold axes plunging 72° to 88° to the west. Small 

scale open folds also occur locally in intermediate 

metavolcanics along Drewek Creek (NW!, Sec. 10, T29N, 

R4E) (Fig. 50). The trends of the fold axes here rari..ge 

between N87°w and N75°W. The plunges of the fold axes 
0 0 are west at 17 to JJ . Convergent dip isogon patterns 

within these minor folds indicate they are class lb 

(parallel) folds (Ramsay, 1967). 

Quartzose ptygmatic folds occurring with boudin-

age structures in a mylonite unit were observed at 

Athens County Park (Sec. 16, T29N, R4E) (Fig. 51). The 

folds have a lobate appearance and are polyclinal. The 

ptygmatic folds are class le (flattened parallel) folds 

(Ramsay, 1967). Ptygmatic folds are produced when there 

is shortening within a competent layer. Compressive 

stresses parallel to the layer lead to instability 
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Figure 48.. Plunge of 10 fold axes (dots) frc:m 
amph:il:olite gneisses and migmatites at Gccdrid1 
r:ell.s in Taylor COt.m.ty. Plunge of 4 fold axes 
(x' s) frcn lccal folds in the metavolcanic 
ten:ane. 
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Figure 49. Photograph of local open folds with 
sheared-out limb in mafic to intermediate meta-
volcanics. SWi, Sec. 6, T29N, R5E. 

Figure 50. Photograph of smallscale open folds 
in intermediate metavolcanics. NWt, Sec. 10, 
T29N, R4E. 
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Figure 51. Quartzose ptygrnatic and boudinage structures cutting a mylonite unit in Athens County 
Park (Sec. 16, T29N, R4E). The structures indicate maximum extension in a near vertical direction 
and maximum shortening in a northwest-southeast direction (i.e., pe:r.pendicular to foliation). 
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which causes the layer to buckle. The ptygmatic folds 

and boudinage structures at Athens County Park indicate 

extensional stress in a near vertical direction and 

compressive stress in a northwest-southeast direction, 

at right angles to the dominant foliation orientation. 

Nonpenetrative Structures 

Shear Zones and Faults 

The Middle Precambrian volcanic-plutonic complex 

in Marathon County appears to be bounded on all sides 

by major zones of cataclastic rocks (LaBerge, 1980) 

(Fig. 45). One of the zones extends in a southwesterly 

direction along the northern edge of the volcanic-plu-

tonic terrane in Marathon County. The fault zone has 

been traced from near Merrill southwest through Athens 

Milan where foliation curves in a more southerly 

direction. La.Berge states that several ultramafic 

bodies occur along this northern zone of cataclastic 

rocks which separates gneisses, migmatites and amphibo-

lites on the north from low-grade metavolcanic rocks to 

the south. The cataclastic zones in Marathon County 

are parallel .with aeromagnetic and gravity trends. 

Within the present study area, the boundary be-

tween the two major terranes is structurally concordant 

with geological units which trend approximately N75°E 

through Athens, Wisconsin. The fault zone appears to 

have gradational boundaries, varying in width from 1 to 
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4 km, and may consist of anastamosing zones of intensely 

deformed reeks within a broader zone of less deformed 

rocks. The zone crosses greenstone, amphibolite, and 

felsic plutonic rocks alike, resulting in a wide vari-

ety of cataclastic rocks. 

In the metavolcanic terrane, several minor shear 

zones trend subparallel to foliation and the major 

boundary fault. These minor shear zones commonly con-

tain epidote veinlets and locally are composed of 

slickenside surfaces (Fig. 52). At one location, in 

the town of Athens (SWi, Sec. J1, TJON, R4E), pretec-

tonic poikiloblastic garnets in a quartzofeldspathic 

biotite gneiss have been rotated with resultant folia-

tion wrapping around the garnets (Fig. 53). 

Joints 

69 joint measurements were recorded in the field. 

Poles to the joint surfaces were plotted on an equal 

area stereonet and contoured (Fig. 54). The greatest 

concentration of joint poles on the stereonet shows a 

preferred orientation of fracture surfaces in a north-

west-southeast direction, with steep to near vertical 

dips. At nearly right angles to this orientation a 

second set of fractures trend northeast-southwest, also 

dipping steeply to vertical. Minor concentrations of 

joint poles are distributed around the center of the 

stereonet, representing random orientations of joints 



F i gure 52. Photograph of a local shear zone in 
i n termediate metavolcani cs . SE%, Sec. J, T29N, 
R4E . 

Figure 53. Photomicrograph of pretectonic poiki-
loblastic garnets in a quartzofeldspathic bio-
ti te gneiss. Note the foliation wrapping around 
the garnets. Ordinary light. Sample ATH: 52-?b. 
Field of view is 7 mm across. 
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Figure 54. Contour diagram of 69 poles to joint 
planes in Marathon County. Poles 
were plotted on an equal area Schmidt net and 
rontoured using a Kalsbeek cam ting net. Con-
tours are at the 3, 6 and 9% levels of data per 
1% area. 
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dipping at more gentle angles. The major joint system 

(NW-SE) is oriented perpendicular to the dominant 

structural trend in area, while the second set 

(NE-SW) is oriented parallel to the foliation. 

Quartz Veins 

Quartz veins cut all major rock types in the pre-

sent study area. Locally the veins are boudinaged, but 

commonly they are structures (Fig. 55). Occa-

sionally the veins trend parallel to foliation. The 

veins range from 0.5 cm to 10 cm in width. 

Figure 55. Photograph of net-like quartz 
veins cutting a felsic metavolcanic unit. 
NEi, Sec. 10, T29N, R4E. 
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Strain Analysis 

Analysis 

Strain analysis was carried out on samples located 

up to 9 km from the boundary zone, as well as samples 

located within the zone itself (Fig. 56). This was 

done to analyze quantitatively total cumulative strain 

in the rock units (Schwerdtner and others, 1977). 

When a body of rock is stressed the individual 

particles that make up the body are displaced to new 

positions. To describe these changes a strain ellipsoid 

is commonly used. In the three-dimensional case, three 

mutually perpendicular lines may always be found in the 

undeformed state of a body that remain mutually perpen-

dicular in the strained state. These lines in the de-

formed state are parallel to the principal axes of the 

strain ellipsoid. In this paper, the principal axes of 

the strain ellipsoid are designated A1 , A2 , corre-

sponding to the maximum, intermediate, and minimum prin-

cipal axes, respectively (Fig. 57). 
A3 are the principal quadratic elongations 

and are defined by A= ( Jj2 = (l + e) 2 

where / 0 is the initial length of a line and J the 

length after straining. e is the elongation and is de-

fined by 
e = 
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Figure 57. Strain 
ellipsoid illustra-
ting the principal 
axes of strain in 
the deformed state. 

Shortening is represented by a negative elongation. 

For this analysis it was assumed that particles 
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deformed homogeneously with the matrix and that no sig-

nificant original pre-strain fabric was present. 

Seven rock samples were collected and slabbed 

along 3 sets of orthogonal faces (Figs. 58 and 59). 

These faces were cut parallel with foliation (XY plane), 

perpendicular to foliation and lineation (YZ plane), 

and perpendicular to foliation but containing the line-

ation (XZ plane). At least 50 strain indicators were 

then measured from each face (Fig. 60). These indica-

tors included volcanic rock fragments, volcanic pheno-

crysts, biotite aggregates, and quartz-feldspar aggre-

gates. Similar results were obtained for the various 

indicators. 
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Figure 58. Photograph of a rock sample slabbed 
along 3 sets of orthogonal faces (foliation, lin-
eation, and right angles to both). The YZ face 
is shown. Sample HAM: 1-1. 

Figure 59. Photograph of a rock sample slabbed 
along 3 sets of orthogonal faces. The XZ face 
is shown. Sample ATH: 51-5. 
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From the measurements on each face, the two-dimen-

sional strain was computed using the methods of Ramsay 

(1967) and Elliott (1970). A best fit three-dimension-

al strain ellipsoid was then calculated for each sample 

using the Pase 5 program of Siddans (Table 4). Error 

limits on the dimension and orientation of the best fit 

strain ellipsoid and its orientation were calculated at 

less than 2 percent for each sample. 

Results show that the maximum principal axis of 

extension in the strain ellipsoid corresponds to 

maximum elongation in the X direction, perpendicular to 

the YZ face (Fig. 61). The intermediate principal 

strain axis corresponds to intermediate elongation 

in the Y direction, perpendicular to the XZ face. 

Minimum extension or in this case flattening, 

occurs in the Z direction, perpendicular to the XY face. 

Thus it can be seen that the maximum elongation direc-

tion (X = A1 ) lies within the foliation plane in the 

study area and is parallel to lineation, whereas flat-

tening (Z = is oriented perpendicular to the foli-

ation in a northwest-southeast direction. Results 

further indicate that the rocks were shortened up to 

40 percent of their original length. 

Results can be illustrated using the techniques 

developed by Flinn (1962). Flinn has shown that all 

types of homogeneous strain may be represented graphi-

cally. In Figure 62, the ratio of major and intermed-



Table 4. Measurements of the principal axes of the strain 
ellipsoid and Flinn values for the strain samples. 

Principal axes of the strain ellipsoid 
Sample 

No. x = (1 + el) y = (1 + e2) z =(l +e ) 3 
1 1.47 1.02 0.40 

(TAY: 1-15) 
2 1. 63 0.50 0.30 

(TAY: 1-14) 
3 1. 90 0.80 0.30 

(ATH:52-4) 
4 2.80 1.40 0.30 

(ATH:52-5) 
5 1. 90 0.70 0.40 

(ATH:56-4) 
6 2.60 0.90 0.12 

(ATH:51-5) 
7 1.02 0.80 0.30 

(HAM: 1-1) 

z 

Figure 61. Strain ellipsoid for strain 
samples in the study area. Note maximum 
elongation ( A 1) oc·curs parallel to the X 
direction and maximum shortening (.A 3) occurs 
parallel to the Z direction. 

Flinn 
value 

k 

0.28 

3.37 

0.78 

0.31 

2.26 

0.27 

0.17 

107 



a = 

108 

k = 00 k 1 

7 

6 

5 

2 

1 

Elongation 

Flattening 

06 
02 o4 

ol 
= 0 

1 2 3 4 5 6 7 8 9 

b 

Figure 62. Flinn diagram sh0wing plots of strain 
samples from the study area. The sample numbers 
and the principal axes of the strain ellipsoid are 
given in Table 4. 
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iate axes (a) of the strain ellipsoid is plotted against 

the ratio of intermediate and minor axes (b). The orig-

inal of the graph is at (1, 1). If the number k is de-

fined by 

k = a - 1 
b - 1 

then Figure 62 is divided into a number of fields for 

different values of k. For k = 0 all strain ellipsoids 

are pancake in shape and indicate uniform shortening. 

For the deformation is of a flattening type. 

For k = 1, the deformation is by simple shear. For 

1-=k< oo , the deformation is of a constrictive type. For 

k =oo all strain ellipsoids are cigarlike in shape and 

indicate uniform extension. 

As can be seen from Figure 62, five of the strain 

samples indicate deformation of a flattening type 

whereas samples numbered 2 and 5 indicate extensional 

deformation. Sample number 2 is a cataclastic gneiss 

located 9 km from the major boundary fault zone, and 

sample numbered 5 is a cataclastic metavolcanic rock 

located along the fault zone. 

Conclusions 

The following conclusions were made from the 

strain analysis: 

1) Both the gneiss and metavolcanic terranes are 

characterized by a similar flattened fabric. Exten-

sional deformation occurred locally within and along 

the contact between the two· terranes. 
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2) Maximum shortening (flattening) occurred in a 

northwest-southeast direction and is perpendicular to 

foliation. The units were shortened up to 40 percent 

of their original length. 

J) Maximum elongation lies within the foliation 

trend (northeast-southwest direction) and is parallel 

to lineation. 

4) The linear fabric is not uniformly developed 

throughout the boundary zone. 

Problems 

The following problems were encountered during the 

strain analysis: (1) the paucity of outcrop prevents 

determination of the extent of cataclastic deformation 

in the study area, and (2) difficulties exist in dis-

tinguishing between cataclastic rocks and fine-grained, 

porphyritic metavolcanic rocks, both in hand specimen 

and thin section. 

Deformation History 

The main purpose of the structural analysis has 

been to analyze the different possible deformations 

that have affected the rocks in northwestern Marathon 

County. The structural evidence indicates two defor-

mational phases, which represent significant readjust-

ments in the rock accompanied by metamorphism • . The two 

deformations are: (1) amphibolite grade metamorphism 

of pre-existing rocks in the gneissic terrane, 
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greenschist facies metamorphism of volcanic rocks, and 

the development of a similar foliation trend in both 

terranes, and (2) the cataclastic deformation of gneis-

sic and metavolcanic rocks within and near to the 

boundary fault zone, and the development of two major 

joint systems. Intrusion of mafic rocks and quartz 

veins, accompanied by local minor faulting, is consid-

ered to have occurred after the two main phases of de-

formation. 

The gneissic terrane is metamorphosed to the amphi-

boli te facies and has structures similar to those in 

the metavolcanic terrane. The gneisses exhibit a con-

sistent regional orientation of both foliation and lin-

eation, with foliation planes dipping 70° north with an 

average strike of N79°E, and lineations plunging 70° to 

the northwest in the plane of foliation. Fold axes 

plunge westerly at 47° t .o 78°. 

The gneisses have not been dated radiometrically, 

but they may be early Middle Precambrian rocks that have 

been metamorphosed to amphibolite grade. The gneisses 

are · lithologically similar to those of the "Chippewa 

Amphibolite Complex" which is 60 miles to the west of 

the study area. Cummings and Myers (1978) showed that 

these gneisses had undergone two periods of deformation 

and metamorphism prior to being intruded by 1850 m.y. old 

plutons. Gneisses and migmatites in Eau Claire County, 
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which is situated just west of Marathon County and in-

eludes the Chippewa Amphibolite Complex, are believed 

to be Archean in age (Maass, Medaris, and Van Schmus, 

1980). 

Volcanic rocks in the study area were metamorphosed 

to greenschist facies and exhibit structures similar to 

those in the gneissic terrane. Foliations in the meta-

volcanic terrane dip 65° to the north with an average 
0 strike of N?l E, while lineations have an average 

plunge of 65° to the northwest in the plane of foliation. 

Local fold axes in the metavolcanic terrane plunge west-

erly at 17° to 33°. 
The similarity in foliation, lineation, and fold 

axes attitudes suggest that the gneissic and metavol-

canic terranes were deformed at the same time . Strain 

analysis shows foliation is perpendicular to maximum 

shortening and rock units in the area where flattened 

up to 40 percent of their original length. Maximum 

elongation lies within the northeast-southwest folia-

tion trend and is parallel to lineation. 

The two terranes are in contact along what appears 

to be a braided shear zone, and structures here are 

essentially similar to those elsewhere in the area. 

The structures produced within or near to the boundary 

fault seem to be the result of essentially vertical 

movement. For example, in the town of Athens (SWi, 

Sec. 31, TJON, R4E), gneissic rocks are juxtaposed 
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with metavolcanic rocks in outcrop. At this locality, 

lines of evidence for near vertical faulting include 

lineation trends (plunging steeply to the northwest), 

and vertical slickenside surfaces. 

Boudinage, ptygmatic structures, and lineations 

elsewhere in the metavolcanic terrane, in addition to 

the strain ellipsoid results from sample number 5, 

suggest maximum elongation was operative in a vertical 

to near-vertical direction, and flattening occurred in 

a northwest-southeast direction. 

The second deformational phase is defined by the 

presence of cataclastic rocks derived from both ter-

ranes, slickenside surfaces, local development of a 

linear fabric, and two major systems of joints. 

The major joint system trends northwest-southeast, 

perpendicular to foliation, while a second major system 

trends northeast-southwest, parallel with foliation. 

If these joint sets are tension joints, the stress 

field which caused their development would be consistent 

with the stress field which developed the foliation 

during the first deformational phase. 

Intrusion of f elsic plutons into both gneissic 

and volcanic rocks in the study area is likely to have 

occurred about 1840 m.y. ago. In _north-central Wiscon-

sin the volcanic-sedimentary sequence is intruded by 

Middle Precambrian granitic rocks, ranging in age from 

about 1840 to 1760 m.y. (Van Schmus, 1976). The older 
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plutons are granitic to tonalitic in composition, are 

mainly syntectonic, and many contain a lineation which 

is sometimes accompanied by a weak to moderate folia-

tion (LaBerge, 1977; Maass, Medaris, and Van Schmus, 

1980). Cataclastic textures are present in all de-

formed rocks but are subordinate to recrystallization 

textures. Cataclasis occurred simultaneously with re-

crystallization during Penokean deformation (Maass, 

Medaris and Van Schmus, 1980). The younger plutons in 

north-central and southern Wisconsin consist of potas-

sic granites, are post-tectonic, and generally little 

deformed (LaBerge and Mudrey, 1979). Thus the felsic 

plutons in the present study area are believed to be-

long to the group of older granitic plutons, based on 

similar compositions and the presence of pervasive 

cataclastic textures in the rocks. 

It is possible that faulting in the area was spo-

radically active for an extensive period of time. The 

oldest recognized Early Proterozoic rocks in Wisconsin 

are mafic to felsic volcanics which were extruded at 

the beginning of the Penokean Orogeny, about 1860 m.y. 

ago (Maass, Medaris, and Van Schmus, 1980). Following 

the extrusion and deposition of volcanic flows and vol-

caniclastic debris, deformation began. Rocks at lower 

depths in the earth's crust were metamorphosed to the 

amphibolite facies while the volcanic rocks were meta-

morphosed to greenschist facies. Deformation imprinted 
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similar structures on both these rock types. About 

1840 m.y. ago, felsic plutonic rocks were intruded into 

the gneissic and metavolcanic rocks. Vertical faulting 

may have occurred prior to or simultaneously with em-

placement, with the result that amphibolite grade rocks 

were brought up from lower depths and juxtaposed with 

metavolcanic rocks in a fault contact. Faulting appar-

ently continued after emplacement of the plutons, as 

evidenced by pervasive cataclastic foliations in the 

plutons. 

Three separate events followed the main phases of 

deformation: (1) intrusion of mafic units into older 

rocks in the area (during Upper Precambrian time?), 

with the units trending subparallel to the major boun-

dary fault, (2) the introduction of quartz veins into 

these and associated units, and the local greenschist 

facies metamorphism of the mafic rocks, and (J) local 

minor faulting of the quartz veins and their host rocks. 
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SUMMARY AND CONCLUSIONS 

The structure and petrology of the Precambrian 

metamorphic units in northwestern Marathon County indi-

cate two deformational phases accompanied by varying 

degrees of recrystallization. The two deformations are: 

(1) amphibolite grade metamorphism of pre-existing 

rocks in the gneissic terrane, greenschist facies meta-

morphism of volcanic rocks, and the development of a 

similar foliation and lineation trend in both terranes; 

and (2) the cataclastic deformation of gneissic and 

metavolcanic rocks within and near to the boundary 

fault zone, and the development of two major joint sys-

terns. 

Amphibolite facies metamorphism occurred under 

moderate to high temperature-pressure conditions. Pet-

rologic evidence for this includes quartzofeldspathic 

and mafic mineral assemblages in the gneissic terrane 
-

diagnostic of amphibolite facies metamorphism. Tex-

tural relationships in the gneisses indicate disequi-

librium. conditions during recrystallization, while 

locally conditions approached textural equilibrium. 

The presence of migmatites and complex folds is further 

evidence for regional metamorphism involving def orma-

tion at high temperatures and pressures. 
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The gneisses exhibit a consistent regional orien-

tation of both foliation and lineation, with foliation 

planes dipping 70° north with an average strike of 

N79°E, and lineations plunging 70° to the northwest in 

the plane of foliation. Fold axes plunge westerly at 

47° to 78°. 

The volcanic rocks in the study area were meta-

morphosed to greenschist facies. Where the rocks are 

not highly deformed primary volcanic textures and 

structures are well preserved. The volcanic rocks 

exhibit structures similar to those in the gneissic 

terrane. Foliations dip 65° to the north with an aver-

age strike of N71°E, while lineations have an average 

plunge of 65° to the northwest in the plane of f olia-

tion. Local fold axes in the metavolcanic terrane 
0 0 plunge westerly at 17 to 88 • 

The similarity of penetrative structures in both 

terranes, combined with strain analysis results, indi-

cate a strain history in the study area such that maxi-

mum elongation (extension) occurred parallel with lin-

eation in the plane of foliation, while shortening 

(flattening) occurred in a direc-

tion, perpendicular to foliation. Strain analyses also 

indicates the rocks were shortened up to 40 percent of 

their original length. 

The second deformational phase is defined by the 

presence of cataclastic rocks derived from both terranes, 
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slickenside surfaces, the local development of a linear 

fabric associated with cataclasis, and the development 

of two major joint systems. The major joint system 

trends northwest-southeast, perpendicular to foliation, 

while a second major system trends northeast-southwest, 

parallel with foliation. If these joint sets are ten-

sional features, the stress field which caused their 

development would be consistent with the stress field 

which developed the foliation during the first def or-

ma tional phase. 

Shearing along the major boundary zone between the 

two terranes was probably intermittently active for a 

period of time. Faulting may have been the mechanism 

responsible for bringing the amphibolite grade rocks up 

from lower depths in the earth's crust. It may have 

been at this time that both gneissic and volcanic rocks 

were cataclastically deformed along and near to the 

boundary zone. 

Granitic to tonalitic plutonic rocks intruded both 

terranes, about 1840 m.y. ago. Dynamic deformation con-

tinued after the emplacement of these rocks, as seen by 

pervasive cataclastic foliations. 

The next event in the area was the emplacement and 

local metamorphism to greenschist facies of mafic units. 

These rocks intrude the volcanic terrane and trend sub-

parallel to the major boundary fault. Following this, 

minor quartz veins cut these and other rocks in the 
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area. The last recorded event was the local faulting of 

the quartz veins and their host rocks. 

The petrologic and structural evidence in north-

western Marathon County define a high-grade metamorphic 

complex which is lithologically distinct and tectonic-

ally separate from a lower-grade suprastructure. The 

contact between the two terranes is defined by a rela-

tively thin boundary zone having a metamorphic gradient 

with complex shearing. 



120 

BIBLIOGRAPHY 

Allingham, J. W., and Bates, R. B., 1961, Use of geo-
physical data to interpret geology in Precambrian 
rocks of Central Wisconsin; U. S. Geol. Sur. Prof. 
Paper 424-d, art. 394, p. 292-296. 

Alwin, B. W., 1976, Sedimentation of Middle Precambrian 
Tyler Formation of north central Wisconsin and 
northwestern Michigan, Masters Thesis, University 
of Minnesota-Duluth. 

Anhaeusser, C.R., Mason, R., Viljoen, M. J., and 
Viljoen, R. P., 1969, Reappraisal of some aspects 
of Precambrian Shield Geology, Geol. Soc. of Arn. 
Bull., v. 80, p. 2i75-2200. 

Armstrong, R. L., and Hansen, E., 1966, Cordilleran 
Infrastructure in the Eastern Great Basin, Arn. 
Jour. Sci-., v. 264, 112-127. 

Campbell, R. B., 1970, Structural and Metamorphic Tran-
sitions from Infrastructure to Suprastructure, 
Cariboo Mountains, British Columbia, Geol. Assoc. 
Can. Spec. Paper 6, p. 67-72. 

Cannon, W. F., and Gair, J. E., 1970, A revision of 
stratigraphic nomenclature for Middle Precambrian 
rocks in northern Michigan, Geol. Soc. Arner. Bull., 
v. 81, p. 2843-2846. 

Chamberlin, T. C., 1883, Geology of Wisconsin, Survey 
of 1873-1879, Vol. I, 725 p. 

Chase, C. G., and Gilmer, T. H., 1973, Precambrian 
plate tectonics: The Mid-continent Gravity High, 
Earth and Planetary Science Letters, v. 21, p. 70-
78. 

Clifford, P. M., 1972, Behavior of an Archean Granitic 
Batholith, Can. Jour. of Earth Sci., v. 9, p. 71-
77. 

Cummings, M. L., and Myers, P. E., 1978, Petrology and 
Geochemistry of Amphibolites, Eau Claire River, 
Eau Claire County, Wisconsin, 24th Ann. Inst. on 
Lake Superior Geol., Milwaukee, Wis., p. 9. 



121 

Dunnet, D., and Siddans, A. W. B., 1971, Nonrandom Sed-
imentary fabrics and their modification by strain, 
Tectonophysics, v. 12, p. 307-325. 

Dutton, C. E., and Bradley, R. E., 1970, Lithologic, 
geophysical, and mineral commodity maps of Precam-
brian rocks in Wisconsin, U. S. Geol. Sur. Misc. 
Geol. Investigations Map I-631. 

Elliott, D., 1970, Determination of finite strain and 
initial shape from deformed elliptical objects, 
Geol. Soc. Am. Bull., v. 81, p. 2221-2236. 

Emmons, R. C., and Snyder, F. G., 1944, A structural 
study of the Wausau area, Wis. Geol. Nat. Hist. 
Survey Open-file Report. 

Ervin, C. P., and Hammer, S. H., 1974, Bouguer Anomaly 
gravity map of Wisconsin, Wis. Geol. Nat. Hist. 
Survey Map. · 

Eskola, P .. , 1949, The Problem of Mantled Gneiss Domes, 
Geol. Soc. Land. Quart. Jour., v. 104, p. 461-476. 

Flinn, D., 1962, On folding during three-dimensional 
progressive deformation, Geol. Soc. Land. Quart. 
Jour., v. 118, p. 385-433. 

Fonteilles, M. , and Guitard, G. , in Hyndman, D. W. , 
1972, Petrology of Igneous and Metamorphic Rocks, 
McGraw-Hill, New York, p. 297. 

Fyson, w. K., 1970, Structural Relations in Metamorphic 
Rocks, Shuswap Lake Area, British Columbia, · Geol. 
Assoc. Can. Spec. Paper 6, p. 107-122. 

Goldich, S.S., 1972, Precambrian geology of the Minne-
sota River Valley between Morton and Montevideo, 
Part II, in Field Trip Guidebook for Precambrian 
Migmatitic terrane of the Minnesota River Valley, 
Minnesota Geol. Survey Guidebook Series No. 5, 

Green, J. C., 1970, oral communication, University of 
Minnesota-Duluth. 

Haller, J., in Hyndman, D. W., 1972, Petrology of Igne-
ous and Metamorphic Rocks, McGraw-Hill, New York, 
p. 297. 

Higgins, M. W., 1971, Cataclastic Rocks, United States 
Geol. Survey Prof. Paper 687, 97 p. 



122 

Hobbs, w. H., and Leith, C. K., 1907, The pre-Cambrian 
volcanic and intrusive rocks of the Fox River 
valley, Wisconsin, Wis. Univ. Bull. 158, Sci. 
Series, v. J, p. 247-277, 

Hyndman, D. W., 1968a, Mid-Mesozoic Multiphase Folding 
along the Border of the Shuswap Metamorphic Com-
plex, Geol. Soc. Am. Bull., v. 79, p. 575-588. 

-----..,,..---' 1972, Petrology of Igneous and Metamorphic 
Rocks, McGraw-Hill, New York, 533 p. 

Irving, R. D., 1882, Crystalline Rocks of the Wisconsin 
Valley, Geology of Wisconsin, Survey of 1873-1879, 
Vol. IV, p. 692-701. 

LaBerge, G. L., 1969, Preliminary report on the geology 
of the northern part of the Wausau East quadrangle, 
Wisconsin, Wis. Geol. Nat. Hist. Survey Open-file 
Report, 13 P• 

_____ , 1971, Progress report on mapping of Precambrian 
geology in Marathon County, Wisconsin, Wis. Geol. 
Nat. Hist. Survey Open-file Report, 27 p. 

-----, 1972, Lineaments and mylonite zones in the 
Precambrian of northern Wisconsin, Geol. Soc. of 
America, Abstracts with Programs, 4, p. 332. 

, 1977, Major structural features in Central ----,....,....,....-Wisconsin and their implications on the Animikie 
Basin, 23rd Ann. Inst. on Lake Superior Geol., 
Thunder Bay, Ontario, p. 23. 

-----, 1980, Were There Two Middle Precambrian Oro-
genies in the Lake Superior Region?, 26th Ann. 
Inst. on Lake Superior Geol., Eau Claire, Wiscon-
sin, p. 24. 

_____ , 1980, The Precambrian Geology and Tectonics 
of Marathon County, Wisconsin, in Field Trip Guide-
book for the 26th Ann. Inst. on Lake Superior Geol., 
Eau Claire, Wisconsin, 50 p. 

LaBerge, G. L., and Mudrey, M. G., 1979, Stratigraphic 
framework of Middle Precambrian rocks in Wisconsin, 
Wis. Geol. Nat. Hist. Survey, 22 p. 

LaBerge, G. L., and Myers, P. E., 197Jb, Precambrian 
geology of Marathon County, in Guidebook to the 
Precambrian geology of northeastern and north-
central Wisconsin, Wis. Geol. Nat. Hist. Survey, 
p. 31-J6. 



123 

LaBerge, G. L., and Myers, P. E., 1976, The Central Wis-
consin Batholith, 22nd Ann. Inst. on Lake Superior 
Geol., St. Paul, Minnesota, p. 36. 

----, 1977, The Central Wisconsin Batholith: Evi-
dence for vertical tectonics in the Middle Precam-
brian Animikie Basin, unpublished research, Uni-
versity of Wisconsin-Oshkosh. 

LaBerge, G. L., and Weiss, L. W., 1968, A greenstone 
belt in Central Wisconsin?, J2nd Ann. Tri-State 
Geol. Field Conference Guidebook, 42 p. 

Maass, R. S., and Medaris, L. G., Jr., 1976, Penokean 
structures and plutonic rocks in Portage and Wood 
Counties, Wisconsin, 22nd Ann. Inst. on Lake Super-
ior Geol., St •. Paul, Minnesota, p. 38. 

Maass, R. S., and Medaris, L. G., Jr., 1980, Metavol-
canic Rocks at Eau Claire Dells, Marathon County, 
and an Evaluation of the "Shear Zone" Hypothesis 
in Wisconsin, 26th Ann. Inst. on Lake Superior 
Geol., Eau Claire, Wisconsin, p. 23. 

Maass, R. S., Medaris, L. G., Jr., and Van Schmus, W. R., 
1977, Penokean Structures and Plutonic Rocks in 
Wisconsin, 23rd Ann. Inst. on Lake Superior Geol., 
Thunder Bay, Onta·rio, p. 26. 

____ , 1980, Archean and Early Proterozoic Tectonic 
History of North-central Wisconsin, 26th Ann. Inst. 
on Lake Superior Geol., Eau Claire, Wisconsin, p. 
11. 

Mehnert, K. R., 1968, Migmatites and the Origin of Gra-
nitic Rocks, Elsevier Pub. Co., Amsterdam, 393 p. 

Misch, P., and Hazzard, J. C., 1962, Stratigraphy and 
Metamorphism of Late Precambrian Rocks in Central 
Northeastern Nevada and adjacent Utah, Am. Assoc. 
Petrol. Geol. Bull., v. 46, p. 289-J4J. 

Morey, G. B., and Sims, P. K., 1976, Boundary between 
two Precambrian terranes in Minnesota and its geo-
logical significance, Geol. Soc. Am. Bull., v. 87, 
p. 141-152. 

Mudrey, M. G., and Karl, J. H., 1978, Aeromagnetic map 
of northern Wisconsin, 24th Ann. Inst. on Lake 
Superior Geol., Milwaukee, Wisconsin, p. 27. 



124 

Myers, P. E., 1974, Precambrian geology, in Guidebook 
for 38th Ann. Tri-State Geol. Field Conf., Eau 
Claire, Wisconsin, p. 1-3. 

, 1976, The Wausau Syenite of Central Wisconsin, ---,,....,...-22nd Ann. Inst. on Lake Superior Geol., St. Paul, 
Minnesota, p. 42. 

_____ , 1978, Structures in mica schist and quartzite 
of the Younger Metasedimentary Series, Geology of 
Wisconsin Field Trip Stop, Wis. Geol. Nat. Hist. 
Survey. 

Myers, P. E., Cummings, M. L., and Wurdinger, S., 1980, 
Early and Middle Precambrian amphibolites, plutonic 
rocks, metavolcanics and metasediments of the 
Chippewa Valley, Wisconsin, Guidebook for 26th Ann. 
Inst. on Lake Superior Geol., Eau Claire, Wisconsin. 

Olsen, S. N., 1977, Origin of the Baltimore Gneiss mig-
matites at Piney Creek, Maryland, Geol. Soc. Am. 
Bull., v. 88, p. 1089-1101. 

Peterman, Z. E., Zartman, R. E., and Sims, P. K., 1976, 
Old Precambrian W Gneisses in northern Michigan, 
22nd Ann. Inst. on Lake Superior Geol., St. Paul, 
Minnesota, p. 46. 

Ragan, D. M., 1973, Structural Geology, An Introduction 
to Geometrical Techniques, 2nd Ed., John Wiley and 
Sons, New York, 208 p. 

Ramsay, J. G., 1967, Folding and fracturing of rocks, 
McGraw-Hill, New York, 568 p. 

Reesor, J. E., 1965, Structural Evolution and Plutonism 
in Valhalla Gneiss Complex, British Columbia, Geol. 
Sur. Can. Bull., v. 129, 128 p. 

Schwerdtner, W. M., 1973, Schistosity and Penetrative 
Mineral Lineation as Indicators of Paleostrain 
Directions, Can. Jour. Ear. Sci., v. 10, no. 8, 
p. 1233-1243. 

Schwerdtner, W. M., Bennett, P. J., and Janes, T. w., 
1977, Application of L-S fabric scheme to struc-
tural mapping and paleostrain analysis, Can. Jour. 
Ear. Sci., v. 14, p. 1021-1032. -

Sims, P. K., 1976, Presidential address - Precambrian 
tectonics and mineral deposits, Lake Superior 
Region, Econ. Geol., v. 71, no. 6, p. 1092-1118. 



125 

Sims, P. K., 1976, Middle Precambrian age of volcano-
genic massive sulfide deposits in northern Wiscon-
sin, 22nd Ann. Inst. on Lake Superior Geol., St. 
Paul, Minnesota, p. 57. . -

, in press, Boundary between Archean ,{Precambri-
------an--W) greenstone and gneiss terranes in northern 

Wisconsin and Michigan, Geol. Soc. Am. Special 
Paper. 

Sims, P. K., Cannon, W. F., and Mudrey, M. G., Jr., 
1978, Preliminary geologic map of Precambrian rocks 
in part of northern Wisconsin, U. S. Geol. Survey 
Open-file Report 78-318. 

Sims, P. K., and Peterman, Z. E., 1976, Geology and Rb-
Sr ages of reactivated Precambrian gneisses and 
granite in the Marenisco-Watersmeet area, Northern 
Michigan, U. S. Geol. Sur. Jour. Research, v. 4, 
no. 4, p. 405-414. 

-----, 1978, Precambrian geologic framework of 
northern Wisconsin, 24th Ann. Inst. on Lake Super-
ior Geol., Milwaukee, Wisconsin, p. 35. 

, in press, Geology and Rb-Sr age of Lower ----..,,,...--Proterozoic granitic rocks, northern Wisconsin, 
Geol. Soc. Am. Special Paper. 

Sims, P. K., Peterman, z. E., and Prinz, w. C., 1977, 
Geology and Rb-Sr age of Precambrian W Puritan 
Quartz Monzonite, Northern Michigan, U. S. Geol. 
Sur. Jour. Research, v. 5, no. 2, p. 185-192. 

Snyder, F. G., 1947, A petrofabric study of the Wausau 
section of the Wisconsin Batholith, unpublished 
Ph. D. thesis, University of Wisconsin-Madison, 
69 P• 

Stacey, J. S., Doe, B. R., Silver, ·L. T., and Zartman, 
R. E., 1976, Plumbo tectonics IIA, Precambrian 
Massive Sulfide Deposits, U. S. Geol. Sur. Open-
file Report 76-476, 26 p. · 

Steckley, R. C., 1970, Fabric analysis of joints and 
microfractures in central and eastern Marathon 
County, Wisconsin, unpublished Masters Thesis, 
University of Wisconsin-Milwaukee, · 135 p. 

Tex, E. den, and Vogel, D. E., in Hyndman, D. W., 1972, 
Petrology of Igneous and Metamorphic Rocks, McGraw-
Hill, New York, p. 297. 



126 

Turner, F. J., 1968, Metamorphic Petrology, Mineralogi-
cal and Field Aspects, McGraw-Hill, New York, 403 p. 

Van Hise, C. R.; and Lei th, C. K., 1911, The Geology of 
the Lake Superior Region, U. S. Geol. Sur. Mono-
graph 52, 641 p. 

Van Schmus, w. R., 1976, Early and Middle 
history of the Great Lakes area, North America, 
Philosophical Transactions, Royal Society of Lon-
don. v. 280, p. 605-628. 

_____ , in press, Chronology of igneous rocks associ-
ated with the Penokean Orogeny in Wisconsin, Geol. 
Soc. Am. Special Paper. 

Van Schmus, w. R., and Anderson, J. L., 1977, Gneiss 
and migmatite of Archean age in the Precambrian 
basement of Central Wisconsin, Geology, v. 5, p. 
45-48. 

Van Schmus, W.R., Medaris, L. G., Jr., and Banks, P. 
O., 1975, Geology and age of the Wolf River Bath-
olith, Wisconsin, Geol. Soc. Am. Bull., v. 86, p. 
907-914. 

Van Schmus, W. R., Thurman, E. M., and Peterman, z. E., 
1975, Geology and Rb-Sr chronology of Middle Pre-
cambrian rocks in eastern and central Wisconsin, 
Geol. Soc. Am. Bull., v. 86, p. 1255-1265. 

Vernon, R.H., 1975, Metamorphic Processes, Reactions 
and Microstructure Development, John Wiley and 
Sons, New York, 247 p. 

Voight, D. J., 1969, A Petrochemical and Magnetic Study 
of the Volcanic Greenstone in Northwestern Mara-
thon County, Wisconsin, unpublished Masters Thesis, 
University of Wisconsin-Milwaukee. 

Warner, J., 1969, FORTRAN IY program for construction 
of pi diagrams with Univac 1108 computer, Compu-
ter Contrib. 33, Kansas State Geol. Survey, JS p. 

Weidman, S., 1907, The Geology of north central Wiscon-
sin, Wis. Geol. Nat. Hist. Survey Bull. 16, 697 p. 

Weiss, L. W., and LaBerge, G. L., 1969, Central Wiscon-
sin volcanic belt, Guidebook for the 15th Ann. 
Inst. on Lake Superior Geology. 



127 

Wegmann, C. E., in Hyndman, D. W., 1972, Petrology of 
Igneous and Metamorphic Rocks, McGraw-Hill, New 
York, p. 297. 

Zietz, I., 1978, A new detailed aeromagnetic map cover-
ing most of the Precambrian Shield in Wisconsin, 
24th Ann. Inst. on Lake Superior Geol., Milwaukee, 
Wisconsin, p. 41. 

Zietz, I., Karl, J. H. , and Ostrom, M. E., 1978, Pre-
liminary aeromagnetic map covering most of the ex-
posed Precambrian terrane in Wisconsin, U. S. Geol. 
Sur. Misc. Field Study MF-888. 

Zwart, H. J., 1963, Some Examples of the Relations be-
tween Deformation and Metamorphism from the Central 
Pyrenees, Geol. Mijnbouw, v. 42, p. 143-154. 



A-1 

APPENDIX I 

LOCATION OF SAMPLES 

HAM: 1-1 SWiSWiNWi SEC 9 T29N R5E 
HAM: 1-2 SWiSWiNWi SEC 9 T29N R5E 

HAM: 2-1 NWiSWiNWi SEC 9 T29N R5E 
HAM: 2-2 NWiSWiNWi SEC 9 T29N R5E 
HAM: 2-3 NWiSWiNWi SEC 9 T29N R5E 

HAM: 3-1 SEiNWiSEi SEC 5 T29N R5E 

ATH: 49-1 NWiSEiSWi SEC 32 T29N R4E 

ATH: 50-1 swJ.sw± SEC 1 T29N R3E 
ATH: 50-2 sw1sw{ SEC 1 T29N R3E 
ATH: 50-3 sw!swt SEC 1 T29N R3E 
ATH: 50-4 SWiSWi SEC 1 T29N R3E 
ATH: 50-5 swtswt SEC 1 T29N R3E 
ATH: 50-6 S1i'ViSWi SEC 1 T29N R3E 
ATH: 50-7 SWiSW± SEC 1 T29N R3E 
ATH: 50-8 swtswi SEC 1 T29N R3E 
ATH: 50-9 swtswt SEC 1 T29N R3E 
ATH: 50-10 swtswt SEC 1 T29N R3E 
ATH: 50-11 swtswt SEC 1 T29N R3E 

ATH: 51-1 NWiNWiSWi SEC 6 T29N R4E 
ATH: 51-2 NWiNWiSWi SEC 6 T29N R4E 
ATH: 51-3 NWiNWiSWi SEC 6 T29N R4E 
ATH: 51-4 NWiNEiSW.6 SEC 6 T29N R4E 
ATH: 51-5 NWiNEJ.sw! SEC 6 T29N R4E 
ATH: 51-6 NWtNEtswt SEC 6 T29N R4E 
ATH: 51-12 NEJ.NWiSW± SEC 6 T29N R4E 
ATH: 51-13 NE!NWtsw{ SEC 6 T29N R4E 
ATH: 51-14 NEiNWiSWi SEC 6 T29N R4E 

ATH: 52-1 SWiNEiSWi SEC 31 T30N R4E 
ATH: 52-2 swJ.NEJ.sw± sEc 31 T30N R4E 
ATH: 52-3 SEC 31 T30N R4E 
ATH: 52-4 sw!NE1sw1 SE c 31 T30N R4E 
ATH: 52-5 SWJ.NE1swt SEC 31 T30N R4E 
ATH: 52-6 sw!NE!swt SEC 31 T30N R4E 
ATH: 52-7 SWiNEiSWi SEC 31 T30N R4E 
ATH: 52-8 SW±NE±SW± SEC 31 T30N R4E 
ATH: 52-9 sw.INE{sw.I SEC 31 T30N R4E 
ATH: 52-10 sw!NEtswt SEC 31 T30N R4E 
ATH: 52-11 SWiNE±sw± SEC 31 T30N R4E 
ATH: 52-12 SW±NE{sw.I SEC 31 T30N R4E 
ATH: 52-13 SW{NEtswt SEC 31 'I130N R4E 
ATH: 52-14 SWfNE}SWi SEC 31 T30N R4E 
ATH: 52-15 NW4SE-;g;-SWi SEC 31 T30N R4E 
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ATH: 52-16 NW±SE±sw± SEC Jl TJON R4E 
ATH: 52-17 NWiSEiSWi SEC Jl TJON R4E 
ATH: 52-18 NWiSEtswt SEC Jl TJON R4E 
ATH: 52-19 NW±SE±swi SEC Jl TJON R4E 
ATH: 52-20 -NWfSEt SEC Jl TJON R4E 
ATH: 52-21 NW.iSEi SEC Jl TJON R4E 
ATH: 52-22 NW!sEt SEC Jl TJON R4E 
ATH: 52-23 SE!NWiSEi SEC Jl TJON R4E 
ATH: 52-24 NE±swtsE± SEC 31 TJON R4E 
ATH: 52-25 NWiSEiSE{ SEC Jl TJON R4E 
ATH: 52-26 NWiSEiSEt SEC Jl TJON R4E 
ATH: 52-27 NE.1.SE±sw± SEC 31 TJON R4E 
ATH: 52-28 NE!sEiswi SEC Jl TJON R4E 

ATH: 53-1 sw±sw±sw± SEC 6 T29N R5E 
ATH: 53-2 swiswisw{ SEC 6 T29N R5E 
ATH: 53-3 swtswtswt SEC 6 T29N R5E 
ATH: 53-4 swtswtswt SEC 6 T29N R5E 

ATH: 54-1 NWi;swt SEC 8 T29N R5E 
ATH: 54-2 NWtswtNWt SEC 8 T29N R5E 

ATH: 55-1 SW±NW±SW± SEC JO TJON R5E 
ATH: 55-2 sw{ NW.f sw.i SEC JO TJON R5E 
ATH: 55-J NEisEt SEC 25 TJON R4E 
ATH: 55-4 N!SWiSEt SEC J T29N R4E 
ATH: 55-5 NWiSEiNWt SEC 26 TJON RJE 
ATH: 55-6 SEiSWt SEC 22 TJON RJE 
ATH: 55-7 NWiNWiSWt SEC 22 TJON RJE 
ATH: 55-8 NWtNwtswt SEC 22 TJON RJE 

ATH: 56-1 NWtswiNWt SEC JJ TJON R4E 
ATH: 56-2 NW±sw1Nw± SEC JJ TJON R4E 
ATH: 56-J NWfsw!NWi SEC JJ TJON R4E 
ATH: 56-4 NWiSWiNWi SEC 33 TJON R4E 

ATH: 57-1 swtNwtsEt SEC 1 T29N RJE 

ATH: 58-1 NE iswi NWi SEC 10 T29N R4E 
ATH: 58-2 NE!sw!Nw1 SEC 10 T29N R4E 
ATH: 58-J NEiSWtNW! SEC 10 T29N R4E 
ATH: 58-4 NEiSW±NW± SEC 10 T29N R4E 
ATH: 58-5 SEf NWf SEC 10 T29N R4E 
ATH: 58-6 SE.f NWf SEC 10 T29N R4E 
ATH: 58-7 SE{NWf SEC 10 T29N R4E 
ATH ·: 58-8 SEiNWi SEC 10 T29N R4E 
ATH: 58-9 SE!NWt SEC 10 T29N R4E 
ATH: 58-10 NWiSEiNWi SEC 10 T29N R4E 
ATH: 58-11 NW±SE±NW± SEC 10 T29N R4E 
ATH: 58-12 NW{NW{SW{ SEC 10 T29N R4E 
ATH: 58-lJ NW±NW±swi SEC 10 T29N R4E 
ATH: 58-14 NW{Nw{sw! SEC 10 T29N R4E 
ATH: 58-15 l\TWi NWi SEC 10 T29N R4E 4,_- :g; 
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ATH: 58-16 NWiNWiSWi SEC 10 T29N R4E 
ATH: 58-17 NWiNWiSWi SEC 10 T29N R4E 
ATH: 58-18 SWiSW{SEi SEC 9 T29N R4E 
ATH: 58-19 NEiNEiNWi SEC 16 T29N R4E 
ATH: 58-20 NEiNEiNW{ SEC 16 T29N R4E 

ATH: 59-1 SWi;SWiNWi SEC J T29N R4E 
ATH: 59-2 SWiSWiNi/iJi SEC J T29N R4E 
ATH: 59-3 s!NE{sw! SEC J T29N R4E 
ATH: 59-4 1. 1. 1 SEC J T29N R4E S2NE4SW4 
ATH: 59-5 SW:i..NW1 SE 1 SEC J T29N R4E 41 4 4 
ATH: 59-6 NEiSWiSEi SEC J T29N R4E 
ATH: 59-7 SEiNEiSEi SEC J T29N R4E 
ATH: 59-8 st SEC 2 T29N R4E 

ATH: 60-1 SEiNWiSWi SEC 11 TJON R4E 
ATH: 60-2 SEiNWiSWi SEC 11 TJON R4E 

ATH: 61-1 NWiNWiNEi SEC 10 TJON R4E 

LIN: 1-1 SWiSWi SEC 29 TJ1N R4E 
LIN: 1-2 SE.1.SEiSEi SEC JO T31N R4E 
LIN: 1-J sw!NE!NE! SEC 31 T31N R4E 

LIN: 2-1 SEiSWi SEC 31 T31N R4E 
LIN: 2-2 SE{SWi SEC 31 T31N R4E 

HAM: 6-1 NWiSEi SEC 13 T30N R4E 

TAY: 1-1 NEiSWiNEi SEC 25 TJ1N RJE 
TAY: 1-2 SEiNEi SEC 25 TJ1N RJE 
TAY: 1-3 SEiNEi SEC 25 TJ1N RJE 
TAY: 1-4 SEiNEi SEC 25 T31N RJE 
TAY: 1-5 NEf-SWiNEi SEC 25 TJ1N R3E 
TAY: 1-6 NEiSWiNEi SEC 25 TJ1N RJE 
TAY: 1-7 SE{NWiNEi SEC 25 TJ1N RJE 
TAY: 1-8 NEiSWiNE.1. SEC 25 TJ1N RJE 
TAY: 1-9 NWfSEf NE! SEC 25 TJ1N RJE 
TAY: 1-10 -SE.1.NE{ SEC 25 TJ1N RJE 
TAY: 1-11 SE!NEi SEC 25 TJ1N RJE 
TAY: 1-12 SE{NE! SEC 25 TJ1N RJE 
TAY: 1-13 SEf-SEiNEi SEC 25 TJ1N RJE 
TAY: 1-14 SEiSEiNEi SEC 25 TJ1N RJE 
TAY: 1-15 SE{SE{NE{ SEC 25 TJ1N RJE 
TAY: 1-16 SEiSEf-NEi SEC 25 TJ1N RJE 
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APPENDIX II 

OPERATIONAL DEFINITIONS 

Metamorphic Rocks 

Metamorphic rocks within the present area of study 

were classified megascopically as defined . below. Cata-

elastic rocks, although metamorphic, will be discussed 

separately. 

Textural Terminology 

With preferred orientation 

aphanitic, slaty cleavage. . • slate 
intermediate between slate 

and schist .........• phyllite 
phaneritic, schistose .... , .. schist 
phaneritic, gneissic ..•... , gneiss 

Without preferred orientation 

aphanitic-phaneritic, 
granoblastic. , • 

Compositional Terminology 

9 e I e 

mafic; Na-plagioclase, epidote, 

. . granofels 

chlorite ......... , ... greenstone 
mafic; plagioclase and amphibole •.. amphibolite 
"mixed gneiss", part granitic, 

part more mafic .......... migmatite 

To the above general rock names, the dominant min-

erals and special textures found in each rock were pre-

fixed. In addition, in cases where the nature of the 

protolith was obvious, the prefix "meta-" was used 

(eg., meta-diabase). 

Cataclastic Rocks 

Cataclastic rocks within the present area of study 

were classified according to Table 5. Cataclastic 
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Table 5. Classification used in this study for cataclastic rocks 
(after Higgins, 1971). 

ROCKS WITH PRIMARY COHESION 

Cataclasis dominant over Neomineralization-
recrystallization 

neomineralization-recrystallization dominant over cataclasis 
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rocks with primary cohesion are basically metamorphic 

rocks and owe their cohesion to a combination of crys-

talloblastic and cataclastic processes (Higgins, 1971). 

Cataclastic rocks were classified quantitatively by 

using approximate size of most of the porphyroclasts or 

fragments, combined with approximate percentage of these 

features. 

In outcrop and hand sample cataclastic rocks may 

be easily mistaken for metasedimentary, metavolcanic, 

volcanic, or fine-grained intrusive rocks. Parent rock 

types are recognizable where the rocks are only slight-

ly sheared; however, more severe cataclasis makes it 

virtually impossible to determine the original rock 

type. This has presented problems in determining lith-

ologic boundaries during the mapping. 

Several cataclastic terms with which the reader 

may be unfamiliar are listed below (after Higgins, 

1971): 

cataclasis: The process by which rocks are broken and 
granulated due to stress and movement during fault-
ing; granulation or comminution. 

color lamination: Layering due to color differences, 
regardless of origin, in adjacent layers of rock, 
whether on a megascopic or microscopic scale. 

Reduction in size of the constituents of 
a rock due to cataclasis. 

compositional layering: Layering due to chemical and 
mineralogical differences in the adjacent layers, 
regardless of origin. May include color lamina-
tion. 
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crystalloblastic texture: A crystalline texture due to 
metamorphic growth of minerals in solid rocks by 
recrystallization and/or neomineralization. In 
this texture the essential constituents have cry-
stallized simultaneously and not in sequence. A 
constructive texture as opposed to cataclastic 
texture which is chiefly destructive. 

fluxion structure: Cataclastically produced directed 
penetrative texture or structure commonly involv-
ing a family or set of s-surfaces; cataclastic 
foliation. May be visible megascopically or only 
microscopically. Does not necessarily involve 
compositional layering or lamination, although 
many examples do show such layering. 

mortar: Refers to fine-grained rock powder between 
porphyroclasts or within shears in a rock; like 
mortar between stones or bricks. 

mortar structure (mortar texture): Refers to a struc-
ture or texture in rocks characterized by mortar 
between and around porphyroclasts, or filling 
shears between unground fragments of the rock. 

neomineralization: The process of metamorphic trans-
formation of the old mineral constituents of a 
rock into new minerals of different composition; 
new mineral growth. 

porphyroblast: A relatively large crystal or mineral 
grain develoyed during metamorphism by neomineral-
iza tion and/or recrystallization. Porphyroblasts 
are larger than the matrix which encloses them. 

porphyroclast: A relatively large fragment of a crys-
tal, mineral grain, or aggregate of crystals or 

· grains, in a cataclastic rock. Porphyroclasts are 
not produced by neomineralization or recrystalli-
zation (as opposed to porphyroblasts), but may be 
recrystallized in blastomylonites and mylonite 
gneisses. 

primary cohestion: Refers to congenital coherence of a 
rock, as opposed to that produced by secondary ce-
mentation. Essentially metamorphic cohesion. 

recrystallization: Metamorphic crystallization of new 
mineral grains from old minerals of the same chem-
ical constitution (for· example, quartz from quartz); 
as opposed to neomineralization. 
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shear zone: A zone of shearing in rocks; essentially 
like a fault zone, but more specific because it 
excludes zones of faulting not associated with 
shear. 

Igneous Rocks 

Igneous rocks within the area of study were classi-

fied according to Table 6. In addition, several igne-

ous terms which are used in this paper are defined 

below. They include: 

agglomerate: A pyroclastic rock that consists of angu-
lar volcanic fragments and/or non-volcanic frag-
ments in a volcanic matrix. The fragments in both 
cases are greater than 2.0 mm in diameter. 

anorthosite: A variety of gabbro in which greater than 
80 percent of the rock is calcic plagioclase. 

diabase: A relatively fine-grained gabbro which usual-
ly has an ophitic texture and random plagioclase 
laths. 

glomeroporphyritic: Refers to phenocrysts occurring in 
clusters. 

tuff: Lithified volcanic ash 0.25 to 4.o mm in diameter. 



Table 6. Classification used in this study for igneous rocks (after Green, 1970). 

Ratio of Alkali Two Plagioclase Only Plagioclase 
Feldspars Feldspar Feldspars Predominant Sadie Calcic Predominant about ( > 2/3 of fsp) 
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Mafics Muscovite Pyroxene, 
Biotite and/or Hornblende increasing Olivine 
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