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PRECAMBRIAN GEOLOGY OF THE CHIPPEWA VALLEY - AN INTRODUCTION

P. E. Myers

Exposures of Precambrian rocks in west—central Wisconsin are confined
mainly to the Chippewa Valley and its major tributaries, the Yellow, Jump,
and Eau Claire rivers, which drain the southwestern edge of the Canadian Shield
in Wisconsin. From the Eau Claire area, the Precambrian basement dips south-
west at 10 feet per mile beneath a thickening cover of lower Paleozoic sand-
stones, shales, and.carbonates. To the north and east, the Precambrian rocks
are overlain by glacial deposits and occasional outliers of Cambrian sandstone.
Owing to sparseness of outcrop and structural complexity of the rocks, traditional
mapping methods have proven inadequate. However, a fair approximation of the
regional geology has been gained through a combination of detailed studies of
outcrops with petrographic and geochemical analyses, aeromagnetic and gravity
mapping and radiometric dating.

Following initial reconnaissance of the region by Dutton, I began field
work with the objective of defining the major problems and working out the
geologic history of the region. Subsequent publication of Dutton and Bradley's
geologic maps of northern Wisconsin (1970) provided a starting point. Additional
specialized studies by students (Cumings, 1974, 1975, 1978), Maercklein (1974),
Piotruscewicz (1978), and Wurdinger (1979) have greatly accelerated the study
of the region. This guidebook is a synthesis of available information on the
Precambrian history of the Chippewa Valley. Relevant, supplementary information
is drawn from important works by Anderson, Van Schrnus, and Medaris (1975), LaBerge
(1972, 1980), Maass, Medaris, and Van Schmus (1980), Maass and Van Schmus (1980),
Sims (1976), Smith (1978), and Van Schmus (1974, 1976 , 1980).
Aeromagnetic maps by Karl and Friedel (1974-1976) and by United States Steel Corp.
(1973) and Bouguer gravity maps by Ervin and Hamer (1974) have been most useful
in interpolating contacts between widely separated outcrops.

The geologic map presented in Figure 1 is a "best approximation" of the
Precambrian rock. units in the Chippewa Valley. The rock units are typically
heterogeneous, so that it was necessary to generalize units by selecting the
predominant unit. Its purpose is to portray broad regional patterns of rock
distribution. Quality.of geologic information generally diminishes away from
the rivers.

It is emphasized that the interpretations and conclusions in this guide-
book are tentative, It is our hope that you will assist us in clarifying the
history of these phenomenally complicated rocks. The geologic map (Figure 1)
also shows stop locations. Those in parentheses. are optional, ut are included
because of their relevance. You are encouvaied to stay and continue your field
trip after the conference or to return to Eau Claire soon with your own field
trip. There remains a large number of thesis and dissertation topics. I may be
able to assist you in the selection of one.

Exposures of Precambrian rocks i n  west-central Wisconsin are confined 
mainly t o  the Chippewa Valley and i t s  major t r ibu ta r ies ,  the Yellow, Jump, 
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Owing t o  sparseness o f  outcrop and s t ructura l  complexity o f  the rocks, t r ad i t i ona l  
mapping methods have proven inadequate. However, a f a i r  approximation o f  the 
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Figure 1 —— Distribution of major Precambrian rock units in the Chippewa,
Yellow, Jump, and Eau Claire river valleys and their major tributaries as
inferred from a study of sparse outcrops and from aeromagnetic mapping.

Figure 1 - Distribution of major Precambrian rock units in the Chippewa, 
Yellow, Jump, and Eau Claire river valleys and their major tributaries as 
inferred from a study of sparse outcrops and from aeromagnetic mapping. 
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GENERAL GEOLOGY

The Precambrian "Chippewa amphibolite complex' (Myers and others, 1974) is
a megagneiss consisting of steeply—dipping, lensoidal screens, enclaves, and
xenolith trains of amphibolitic gneiss and schist embedded subconcordantly in
younger, syrrkinematic and late kinematic tonalite and trondhjemite (Figure 1).
The Chippewa amphibolite complex (CAC) forms the core of an eastward-plunging
Penokean orogen, which is overlain eastward by less deformed and metamorphosed
volcanic and sedimentary rocks of the Flambeau volcani—sedimentary province to
the north and the Black River .volcani-sedimentary province to the southeast.
Within the Chippewa region, these volcanic and sedimentary rocks are represented
by the South Fork volcanic and sedimentary assemblage in the headwaters of the
Eau Claire River and the Jump River volcanic rocks to the northeast. The block
diagram (Figure 2) is a generalized representation of the types of rocks and
structures occurring in this region. This pattern is similar to one by Glikson
(1957, p. 21) for Archean tonalite-trondhjemite sialic nuclei, which contain
attenuated relics of supracrustal enclaves and xenoliths. Glikson's diagram is
included (Figure 3) for comparison. Probably the most conspicuous pattern to be.
seen on the generalized geologic map of the region (Figure 1) is the Z—shaped
pattern produced by amphibolitic enclaves, which may represent large plunging fold
remnants. Although the granitic rocks, as represented mainly by trondhjemite,
tonalite, and subordinate adamellite, locally intrude the amphibolites, the contacts
are most commonly sheared. Cataclasis has clearly played a major role in the
deformation and metamorphism of the rocks throughout the regi.on during at least
three major deforniational events, one of which was the Penokean. In the CAC, cata-
clasis is most conspicuously manifested by: (1) bending, crushing, and lenticulation
of feldspars with simultaneous development of a characteristic interlensing folia-
tion. (2) laminar transposition of originally discordant structures such as dikes,
dikes, and xenoliths, into the plane of cataclastic fOliation, (3) mechanical homo-
genization of contiguous rock units with or without recrystallization, (4) detach-
ment and transposition of fold fragments as tectonic xenoliths. Since the proper
interpretation of cataclastic features affects the interpretation of geologic
sequence, and since there remains considerable debate as to the mechanisms, some
good examples of them have been included in several of the stops (mainly 8-ll).
Whereas the volcanic rocks of the Jump River area (Cumings, p103) have at least
locally been metamorphosed to the lower amphibolite grade, those of the South Fork
area (SFVS) are of lower metamorphic grade as indicated by the prevalence of chlorite,
epidote, and garnet. The Jump River volcanics (JRV) comprise mainly basaltic to
andesitic flows and fragmental volcanics of andesitic to rhyolitic composition. One
eruptive center was found in the area just east of the town of Jump River. The higher
metamorphic grade of the JRV may be due to the proximity to the south of several
large granitic plutons. Top indicators in the JRV indicate the sequence is over-
turned with beds facing (younging) southward.Examples of the JRV rocks will be seen
at stops 15-18. Myers and others (1974) identified a major geophysical lineament
along the Jump River. Sims and Mudrey (1978) placed a major fault in the same area.
Cummings (this report) suggests that the lineament simply marks the boundary between
volcanic rocks to the north and granitic rocks to the south, and that it is probably
not a fault zone. The SFVS rocks are mainly andesitic, dacitic, and rhyolitic pyro-
clastics interstratified with tuffaceous conglomerates, phyllites, and micaceous
quartzites. They have been regionally metamorphosed to upper greenschist facies
and compressed into a series of open folds which plunge gently east-northeastward.
Except where these rocks have been sheared, primary minerals and structures are well-
preserved. These rocks will be seen at stops 3—7. Although bedding within the SFVS
unit dips at moderate angles, its contact (at stop 3) with amphibolitic and plutonic
rocks of the GAG is a high—angle shear zone. The best tentative hypothesis is that
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the.SFVS rocks rest on a folded, locally sheared and recrystallized angular uncon—
formity. Considerably more detailed field mapping, petrographic and geochemical
analyses are needed to work out the structural and genetic relationships of these
rocks. However, it is clear that this area (stops 3 and 7) is one of considerable
significance. Whereas the amphibolites weredeformed and recrystallized at least
twice before tonalite and trondhjemite intrusion 1842—1830 m.y. ago (Van Schmus, 1980)

The amphibolites and volcanics were synkinematically and late kinematically
intruded by trondhjemite, tonalite, gabbro, and adamellite (quartz monzonite).
The most abundant rock type is faint1yfoliated leucotrondhjemite. At Wissota
Dam (Stop #10) Cadott (Stop #9), and Fisher River (Stop #13) the trondhjemite is
intruded by hornblende-biotite tonalite. At other localities, however, the
reverse relationship can be observed. The trondhjemites and tonal ites are pro-
bably coeval and comagmatic. The tonalites display closer chemical and mineralogical
similarities to the amphibolites from which they were probably derived. The
gabbros form plug—like intrusions, and although they are younger than the tonalites,
they have been involved in cataclastic deformation (Stop #8). The adamellite
is complexly intergradational with the trondhjemite and in some localities (e.g. North
Fork of Eau Claire River) intrudes the trondhjemite. Like the other granitic rocks,
however, it has also been cataclastically deformed.

Almost regardless of older structures, granite pegmatite dikes, usually con-
taining biotite and muscovite + garnet were intruded along a persistent east-north-
east trend as exemplified at Little Falls, Wissota Dam, and Jim Falls as well as
many other places. Many of the larger dikes are texturally and compositionally zoned
with quartz cores. At Jim Falls (Stop 11—A) the pegmatite dike contains en echelon
quartz veins as gash fracture fillings. Microcline crystals in these dikes have
been severely bent, broken, and lenticulated. At several locations the dikes
have been completely truncated by shearing. At Jim Falls at least three ages of
pegmatite intrusion can be seen. The older dikes are boudinaged in the compositional
layering of the banded amphibolite host rock. The pegmatite dikes have been offset
by north-northwest-trending faults of Late Precambrian age.

Late Precambrian gabbro—diabase dikes cut all the other rocks with strong dis-
cordance. Their conspicuously chilled margins (Stop 10) indicate shallow intrusion
after a prolonged erosional interval (1600-1100 m.y.). The dike at Wissota Dam
contains large, partially resorbed fragments of labradorite and very coarse—grained
norite. This dike is intruded by a thin leucotrondhjemite dike, which displays an
unusual type of crush texture where it is involved in a small fault zone.

The Precambrian basement was deeply saprolitized (Cumings and Scrivner, 1980)
in Late Precambrian time with formation of kaolinite—rich soils. A distinctive
illitic green clay developed on the hornblende—rich rocks (as seen at Little Falls).
The clays form a conspicuous marker as the Eau Claire River repeatedly crosses the
unconformity between Lak Eau Claire and Lake Altoona. Late Cambrian Mt. Simon
Sandstone, which overlies the Precambrian rocks, occurs abundantly as ridge and knob—
shaped outliers throughout the Chippewa Valley region. Clay and feldspar content
decrease upward in the formation owing to reworking of the sands.

Glacial till and outwash of t.he Chippewa lobe of Wisconsin glaciers are exposed
in the Chippewa Valley northeast of Eau Claire. At Little Falls (Stop #2) the
tills are highly weathered and may represent an older glaciation. Silicified
Cretaceous tree fragments found in outwash downstream from Eau Claire suggest that
Cretaceous sedimentary rocks may locally underlie glacial deposits in the northern
part of the State, or that Cretaceous fossil wood from Minnesota was carried into
Wisconsin during an earlier glaciation and later redeposited in this region during
Late Wisconsin time.

the  SFVS rocks r e s t  on a folded, l o c a l l y  sheared and r e c r y s t a l l i z e d  angular uncon-, 
formi ty .  Considerably more de ta i l ed  f i e l d  mapping, petrographic and geochemical 
analyses are needed t o  work out  t h e  s t r u c t u r a l  and genetic re la t ionsh ips  o f  these 
rocks. However, i t i s  c lea r  t h a t  t h i s  area (stops 3 and 7) i s  one o f  considerable 
s igni f icance.  Whereas the  amphibolites were  deformed and r e c r y s t a l l i z e d  a t  l e a s t  
twice before t o n a l i t e  and trondhjemite i n t r u s i o n  1842-1830 m.y. ago (Van Schmus, 1980) 

The amphibol i t e s  and volcanics were synkinemat ical ly  and l a t e  k inemat ica l ly  
in t ruded by trondhjemite, tona l  i t e ,  gabbro, and adamell i t e  (quartz monzonite). 
The most abundant rock type i s  f a i n t l y - f o l i a t e d  leucotrondhjemite. A t  Wissota 
Dam (Stop # lo )  Cadott (Stop #9), and Fisher River  (Stop #13) the  t rondhjemite i s  
in t ruded by hornblende-biot i te t o n a l i t e .  At  o ther  l o c a l i t i e s ,  however, the  
reverse re la t i onsh ip  can be observed. The trondhjemites and t o n a l i t e s  are pro- 
bably coeval and comagmatic. The tona l  i t e s  d isp lay  c loser  chemical and mineralogical  
s i m i l a r i t i e s  t o  the  amphibolites from which they were probably derived. The 
gabbros form p l  ug-1 i k e  int rus ions,  and although they are younger than the  tona l  i t es ,  
they have been involved i n  c a t a c l a s t i c  deformation (Stop #8). The adamel l i te  
i s  complexly in tergradat iona l  w i t h  t h e  trondhjemite and i n  some l o c a l i t i e s  (e.g. North 
Fork o f  Eau C la i re  River)  in t rudes the  trondhjemite. L i ke  the  other  g r a n i t i c  rocks, 
however, it has a l so  been ca tac las t i ca l  l y  deformed. 

Almost regardless o f  o lde r  s t ructures,  g ran i te  pegmatite dikes, usual 1 y con- 
t a i n i n g  b i o t i t e  and muscovite + garnet were in t ruded along a pers is ten t  east-north- 
east t rend  as exempl i f ied a t  L i t t l e  Fa l ls ,  Wissota Dam, and Jim F a l l s  as we l l  as 
many other  places. Many o f  t he  l a r g e r  dikes are t e x t u r a l l y  and composit ional ly zoned 
w i t h  quartz cores. At  Jim F a l l s  (Stop 11-A) the  pegmatite d ike  contains en echelon 
quartz veins as gash f r a c t u r e  f i l l i n g s .  Microcl ine c rys ta l s  i n  these dikes have 
been severely bent, broken, and len t icu la ted.  A t  several loca t ions  the  dikes 
have been completely t runcated by shearing. At  Jim F a l l s  a t  l e a s t  th ree ages o f  
pegmatite i n t r u s i o n  can be seen. The o lde r  dikes are boudinaged i n  the  compositional 
l aye r ing  o f  t he  banded amphibol i te host rock. The pegmatite dikes have been o f f s e t  
by north-northwest-trending f a u l t s  o f  Late Precambrian age. 

Late Precambrian gabbro-diabase dikes cu t  a l l  t he  o ther  rocks w i t h  st rong d is-  
cordance. The i r  conspicuously chi1 l e d  margins (Stop 10) i n d i c a t e  shallow i n t r u s i o n  
a f t e r  a prolonged erosional i n t e r v a l  (1600-1100 my. ) .  The d i ke  a t  Wissota Dam 
contains large,  p a r t i a l l y  resorbed fragments o f  l ab rador i t e  and very coarse-grained 
nor i te .  This d ike  i s  in t ruded by a t h i n  leucotrondhjemite dike, which d isp lays  an 
unusual type o f  crush tex tu re  where i t  i s  involved i n  a small f a u l t  zone. 

The Precambrian basement was deep1 y saprol i t i z e d  (Cutmnings and Scrivner, 1980) 
i n  Late Precambrian t ime w i t h  formation o f  k a o l i n i t e - r i c h  s o i l s .  A d i s t i n c t i v e  
i l l i t i c  green c lay  developed on t h e  hornblende-rich rocks (as seen a t  L i t t l e  Fa l l s ) .  
The clays form a conspicuous marker as the  Eau C l a i r e  River  repeatedly crosses the  
unconformity between Lak Eau C l a i r e  and Lake Altoona. Late Cambrian M t .  Simon 
Sandstone, which o v e r l i e s  t h e  Precambrian rocks, occurs abundantly as r i dge  and knob- 
shaped o u t l i e r s  throughout the  Chippewa Val ley region. Clay and fe ldspar content 
decrease upward i n  the  formation owing t o  reworking o f  the  sands. 

Glacia l  till and outwash o f  the  Chippewa lobe o f  Wisconsin g lac ie rs  are exposed 
i n  the  Chippewa Val ley northeast o f  Eau Cla i re.  At  L i t t l e  F a l l s  (Stop #2) the  
t i l l s  are h igh l y  weathered and may represent an o lde r  g lac ia t ion .  S i l i c i f i e d  
Cretaceous t r e e  fragments found i n  outwash downstream f r o m  Eau C l a i r e  suggest t h a t  
Cretaceous sedimentary rocks may l o c a l l y  under1 i e  g l a c i a l  deposits i n  the  northern 
pa r t  of the State, o r  t h a t  Cretaceous f o s s i l  wood from Minnesota was ca r r i ed  i n t o  
Wisconsin during an e a r l i e r  g lac ia t i on  and l a t e r  redeposited i n  t h i s  region dur ing 
Lste Wisconsin time. . . 



Rocks of the Chippewa amphibolite complex (CAC) consist mainly of plagioclase
(An ), amphibole, quartz and biotite. Conron accessory minerals are K—feld-
spa-, idote, chlorite and iron oxides. Granitoid components contain the same
essential minerals as the amphibolites but in different proportions. The apparent
mineralogical simplicity of CAC rocks suggests regional metamorphic equilibration,
following the major plutonic phases of the Penokean orogeny (1840-1830 m.y.j. By
contrast, the Jump River (JRV) and South Fork (SFVS) rocks contain abundant chlorite,
epidote, and garnet, and show significantly greater lithologic and chemical diversity.
(See Figures 6 and 8 ).

Amphibolites

Mafic, intermediate, and feldspathic amphibol-ites of volcanic and plutonic
derivation contain structures, fabrics, and minerals indicating at least three
deformations and as many episodes of metamorphism (See Stop #1). In outcrop the
amphibolites are medium to dark gray, comonly laminated and lineated, and cut by
numerous granitoid veinlets, many of which have been strongly deformed. The dominant
minerals are plagioclase (An2555) and hornblende. Subordinate quartz, biotite,
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Block diagram illustrating the concept of câivai relations between Archaean
gra_nite—greenstone terrains and high-grade terrains. The diagram represents a tilted crustal
segment allowing observation of a major greenstone synclinorium (about mid-way) and a
high-grade terrain (front left part). Domal tonalites intrude relics of an ultramaflc—mafic
volcanic crust (early greenstones) (black). The tonalites become increasingly gneissose

(dashed patterns) both toward their margins and with depth. Late greenstone depositories
(hatched patterns) and sedimentary sequences (dotted) form unconformably and pars-
conformably above the tonalites and the early greenstones. L.oci of maximum late supra-
crustal deposition coincide with interdomal synclinoria. Deep-seated gneiss root zones of
batholiths are characterized by a linear structural grain, attenuated relics of supracrustal
enclaves and xenoliths, mafic—ultramafic intrusions and anorthosites.

Figure 3 -— Block diagram from Glikson, 1957, p. 21

DESCRIPTIONS OF MAJOR ROCK UNITS

Introduction

Block diagram illustrating the concept of coeval relation* between Archaean 
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segment allowing observation of a major gneiutonesynclinorium (about mid-way) and a 
hiih-gnde terrain (front left part). Domal tonalitec intrude relics of an ultramafic-mafic 
volcanic crust (early greenstones) (black). The tonalites become increasingly gneisscde 
fdsshed oatternst both toward their margins and with depth. Late gmenstone depositories - 
(hatched pattern*) and d i e n t u y  se&enc~ (dotted) form uocoufonnably and para- 
eonfonnablv abcw the tomtitÃ and the early gmeiutoncs. h i  of maximum late supra- .. . 
crustal deposition coincide with interdoma1 synclinoria. Deep-seated gneiss root zones of 
batholiths are characterized by a linear structural grain. attenuated relics of supracrustal 
enclaves and xenoliths. maficÃ‘ultramafi intrusion* and anorthosites. 
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DESCRIPTIONS OF MAJOR ROCK UNITS 

Introduct ion 

Rocks o f  the Chippewa amphibolite complex (CAC) consist  mainly o f  plagioclase 
(An ), amphibole, quartz and b i o t i t e .  Common accessory minerals are K-feld- 
spa?-!-$dote, c h l o r i t e  and i r o n  oxides. Grani t o i d  components contain the same 
essential minerals as the amphibolites but i n  d i f f e r e n t  proportions. The apparent 
mineralogical s imp l i c i t y  o f  CAC rocks suggests regional metamorphic equ i l ib ra t ion ,  
fo l lowing the  major p lu ton ic  phases o f  the Penokean orogeny (1840-1830 my.) .  By 
contrast, the Jump River (JRV) and South Fork (SFVS) rocks contain abundant ch lo r i te ,  
epidote, and garnet, and show s i g n i f i c a n t l y  greater 1 i t ho log i c  and chemical d ivers i t y .  
(See Figures 6 and 8 ). 

Amphi bol i tes 

Mafic, intermediate, and feldspathic amphibol-ites o f  volcanic and p lu ton ic  
der ivat ion contain structures, fabr ics,  and minerals i nd i ca t i n  a t  l eas t  three 
deformations and as many episodes o f  metamorphism (See Stop # I  7 . I n  outcrop the 
amphibolites are medium t o  dark gray, commonly laminated and l ineated, and cu t  by 
numerous g ran i to id  veinlets, many o f  which have been strongly deformed. The dominant 
minerals are plagioclase (Annss5 ) and hornblende. Subordinate quartz, b i o t i t e ,  
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epidote, and c d 10 percent each. Comon trace minerals are
sphene, iron oxides, pyrite, garnet, zircon, apatite, and allanite. The coarse—
grained mafic and feldspathic amphibolites possess structures indicating deri-
vation from gabbroic and anorthositic protoliths (stops 1 and 2). Textures in
fine—grained mafic and intermediate amphibolites indicate their derivation mainly
from basalt flows and andesite pyroclastics. Associated biotite—hornblende—
chlorite—epidote schists (Figure 8) probably represent sedimentary protoliths.
The banded amphibolites at Big Falls (Stop 1) were probably derived from a layered
gabbro (Curnings and Myers, 1979). Although relict garnets occur sparsely through-
out the CAC, the large hornblendized garnet porphyroblasts at Big Falls are unique.
Laminated amphibolites at Little Falls (Stop 2) contain ultramafic inclusions
(autoliths?). Garnetiferous amphibolites of the Cornell area are richer in alumina
than those elsewhere in the CAC. The garnets in these amphibolites are fresh, show
no rotation, and engulf older laminations produced in part by shearing. Plagio—
clase + quartz laminae are axial—planar to tight, isoclinal shear folds (F—l), which
were locally compressed into small open folds (F—2) with oblique axial trends.

Chemical compositions of the amphibolites are included in Tables 1—3, and in
Figure 5

Volcanic and Associated Sedimentary Rocks

Volcanics of the Jump River area (stops 15-18) comprise mafic and intermediate
(basaltic and andesitic) flows and andesitic to rhyolitic pyroclastics. Relict
sedimentary and porphyritic textures are well preserved despite local metamorphism
to lower amphibolite grade. The JRV were intruded by Penokean(?) granitic plutons
along the south side of the Jump River.

Basaltic(?) andesitic, and rhyolitic volcanic rocks interstratified with
siliceous volcaniclastic sediments — phyllites, conglomerates, and micaceous
quartzites - are exposed along the North Fork and South Fork of the Eau Claire
River (Stops 3-7, Figure 21). Although bedding in the tuffaceous sandstone and
conglomerate dips at moderate angles to the east and southeast, contacts with
contiguous amphibolite and plutonic rocks are steeply dipping and strongly sheared.
Numerous small exposures of andesitic to rhyolitic volcanic rocks crop out
in the area between Eau Claire River and Jump River in the east side of the region.
Thus is is inferred that the two terranes contain correlative rocks. The SFVS
rocks show a "normal calc—alkaline differentiation trend (Figure 6 ), and their
compositions are close to those of nearby tonalite and trondhjemite. The possi-
bility that the Penokean trondhjemitic and tonalittc plutons intruded their own
volcanic piles should be examined, especially in light of the closeness in their
ages (1860 m.y. for the SFVS and l840m.y. forthe plutonic rocks according to Van
Schmus, 1980.)

Plutonic Rocks

The tonalites of the Chippewa region are composed essentially of plagioclase
(Ançç), quartz, hornblende, or biotite, or both. Compositional variations are
exprs�ed megascopically as differences in the hornblende—biotite ratio and the
abundance of quartz. Mafic tonalites, with total mafics in excess of 35 percent,
tend to be hornblende—rich and are comonly associated with mafic amphibolites.
Biotite, which is invariably younger than the hornblende, produces a well—defined
foliation. Although foliation may not be conspicuous on weathered outcrops, it
is invariably present. All tonalites seen in thin section show some effects of
cataclasis, mostly as interlensing shear surfaces along which plagioclase and

epidote, and c d 10 percent each. Common trace minerals are 
sphene, i ron  oxides, pyr i te,  garnet, zircon, apati te, and a l l a n i  te. The coarse- 
grained mafic and feldspathic amphibolites possess structures ind icat ing der i -  
vation from gabbroic and anorthosit ic p ro to l i ths  (stops 1 and 2). Textures i n  
fine-grained mafic and intermediate amphibol i t e s  Indicate t h e i r  derivation mainly 
from basalt flows and andesite pyrocl astics. Associated b i o t i  te-hornbl ende- 
chlorite-epidote schists (Figure 8 )  probabl represent sedimentary proto l i ths .  
The banded amphibolites a t  Big Fal ls  (Stop 1 ! were probably derived f r o m  a layered 
gabbro (Cumnings and Myers, 1979). Although r e l i c t  garnets occur sparsely through- 
out the CAC, the large hornblendized garnet porphyroblasts a t  Big Fal ls  are unique. 
Laminated amphibolites a t  L i t t l e  Fa l ls  (Stop 2) contain ultramafic inclusions 
(auto1 i ths?) .  Garnetiferous amphibol i t e s  o f  the Cornell area are r i cher  i n  a1 umina 
than those elsewhere i n  the CAC. The garnets i n  these amphibolites are fresh, show 
no rotat ion, and engulf o lder laminations produced i n  par t  by shearing. Plagio- 
clase + quartz laminae are axial-planar t o  ti ht, i soc l ina l  shear fo lds (F-I), which 
were l oca l l y  compressed i n t o  small open fo lds ? F-2) wi th  oblique ax ia l  trends. 

Chemical compositions o f  the amphibolites are i nc luded in  Tables 1-3, and i n  
Figure 5 . 
Volcanic and Associated Sedimentary Rocks 

Volcanics o f  the Jump River area (stops 15-18) comprise mafic and intermediate 
(basal t ic  and andesit ic) flows and andesi t ic  t o  r h y o l i t i c  pyroclastics. Re1 i c t  
sedimentary and porphyr i t ic  textures are well  preserved despite loca l  metamorphism 
t o  lower amphibolite grade. The JRV were intruded by Penokean(?) g ran i t i c  plutons 
along the south side o f  the Jump River. 

Basal t ic(?) andesitic, and r h y o l i t i c  volcanic rocks i n t e r s t r a t i f i e d  w i th  
si l iceous volcanic last ic sediments - phy l l i tes ,  conglomerates, and micaceous 
quartzites - are exposed along the North Fork and South Fork o f  the Eau Cla i re  
River (Stops 3-7, Figure 21). Although bedding i n  the tuffaceous sandstone and 
conglomerate dips a t  moderate angles t o  the east and southeast, contacts w i th  
contiguous amphibolite and plutonic rocks are steeply dipping and strongly sheared. 
Numerous small exposures o f  andesit ic t o  r h y o l i t i c  volcanic rocks crop out 
i n  the area between Eau Claire River and Jump River i n  the east side o f  the region. 
Thus i s  i s  in fer red tha t  the two terranes contain corre la t ive rocks. The SFVS 
rocks show a "normal" calc-alkal ine d i f fe ren t ia t ion  trend (Figure 6 ), and t h e i r  
compositions are close t o  those o f  nearby t o n a l i t e  and trondhjemite. The possi- 
b i l i t y  that  the Penokean trondhjemit ic and t o n a l i t i c  plutons intruded t h e i r  own 
volcanic p i les  should be examined, especial ly i n  l i g h t  o f  the closeness i n  t h e i r  
ages (1860 m.y. f o r  the SFVS and 1840 m y .  f o r  the plutonic rocks according t o  Van 
Schmus, 1980.) 

Plutonic Rocks 

The tonal i tes  o f  the Chippewa region are composed essent ia l ly  o f  plagioclase 
(An ),  quartz, hornblende, o r  b io t i t e ,  o r  both. Compositional variat ions are 
expressed megascopically as differences i n  the hornblende-biotite r a t i o  and the 
abundance o f  quartz. Mafic tonal i tes,  wi th  t o t a l  mafics i n  excess o f  35 percent, 
tend t o  be hornblende-rich and are commonly associated wi th  mafic amphibolites. 
B io t i te ,  which i s  invar iably younger than the hornblende, produces a well-defined 
fo l ia t ion.  Although f o l i a t i o n  may not be conspicuous on weathered outcrops, i t  
i s  invar iably present. A l l  tona l i tes  seen i n  t h i n  section show some ef fects  o f  
cataclasis, mostly as inter lensing shear surfaces along which p 
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quartz are mylonitized. Biotite flakes are crenulated by displacements along
shear surfaces during cataclasis, a factor suggesting post-metamorphic cata—
clasis. Tonalite contacts are typically sheared with considerable mixing of
contiguous rock units.

The trondhjemites are composed essentially of oligoclase, quartz, and biotite.
Epidote, K—feldspar, muscovite, iron oxides, and sphene are ubiquitous accessory
minerals. The trondhjemites tend to be leucocratic and only faintly foliated.
They are continuously intergradational with adamellites by a slight increase in
K-feldspar. The trondhjemites as seen in thin section contain large, subhedral
grains of plagioclase with untwinned margins owing in part to structural dis-
ordering under conditions of cataclasis. Quartz grains show lamellar, undulatory
extinction, are finer grained than the plagioclase, and comonly occur in clots
or ribbons. In contact with K-feldspar grains, the plagioclase is myrmekitic.
Biotite is coninonly altered to green chlorite+ muscovite. Muscovite is invariably
a late mineral , probably formed during retrograde metamorphism of the region.
The best exposure of trondhjemite is at Wissota Dam (Stop 10), where it is cut
by dikes and irregular masses of gray tonalite containing amphibolite xenoliths.

The adamellites simply contain more K-feldspar (microcline) than the trondh-
jemites. Whereas most of the K-feldspar in the trondhjemites occurs as irregular
inclusions in the plagioclase, it occurs more comonly as discrete grains in the
adamellites. Early kinematic veins and dikes of adamellite showing folding and
boudinage, indicate that the sequence of intrusion was complex and not confined
to a single differentiation sequence (as at Jim Falls, Stop 11).

Several plug-like gabbro bodies were seen, but so poorly exposed as to render
them unmappable. However, a gabbro body is well exposed along the Yellow River
near Stop 8 about 2 miles east of Cadott. The gabbro has a brecciated margin
against amphibolitic and volcanic(?) rocks in intermediate composition. Relict
clinopyroxene grains are thickly mantled by hornblende, which is in turn rimmed
with brown biotite. The gabbro on the Yellow River cosists of plagioclase (An55),
hornblende, biotite and accessory quartz, pyrite, magnetite, sphene, zircon,
apatite, and allanite(?) The rock is cut by numerous shear zones, and displays
a subtle cataclastic foliation in thin section. The gabbro appears to be younger
than the tonalite or trondhjemite - late kinematic.

Chemical analyses of the plutonic rocks are included in tables 5 and 6. An AFM
diagram for the plutonic rocks is given in Figure 7. A variation diagram showing
a well-defined interrelationship of the plutonic rocks is given in Figure 4
The significance of the double K20 curve is not fully understood, except that it
probably represents two distinctly unrelated series, which are otherwise indistinguish-
able. More chemical data are needed to verify this trend. It is suggested that
future studies should concentrate on the alkali ratios in plutonic assemblages
in the plutonic rocks of the Chippewa Valley.

quartz a re  my lon i t i zed .  B i o t i t e  f l akes  are crenulated by displacements along 
shear surfaces du r ing  ca tac las is ,  a f a c t o r  suggesting post-metamorphic cata- 
c l a s i s .  T o n a l i t e  contac ts  a re  t y p i c a l l y  sheared w i t h  considerable mix ing  o f  
contiguous rock u n i t s .  

The t rondhjemites are  composed e s s e n t i a l l y  o f  o l igoc lase,  quartz,  and b i o t i t e .  
Epidote, K-feldspar,  muscovite, i r o n  oxides, and sphene are  ub iqu i tous  accessory 
minerals.  The t rondhjemites tend t o  be l e u c o c r a t i c  and o n l y  f a i n t l y  f o l i a t e d .  
They are  cont inuous ly  i n te rg rada t i ona l  w i t h  adamel 1 i t e s  by a s l i g h t  increase i n  
K-feldspar. The t rondhjemites as seen i n  t h i n  sec t i on  conta in  l a rge ,  subhedral 
g ra ins  o f  p lag ioc lase  w i t h  untwinned margins owing i n  p a r t  t o  s t r u c t u r a l  d i s -  
o rder ing  under cond i t i ons  o f  ca tac las i s .  Quartz  g ra ins  show lame1 l a r ,  undu la tory  
e x t i n c t i o n ,  a re  f i n e r  g ra ined than t h e  p lagioc lase,  and commonly occur i n  c l o t s  
o r  r ibbons. I n  contac t  w i t h  K-feldspar gra ins,  the  p lag ioc lase i s  myrmekit ic.  
B i o t i t e  i s  commonly a l t e r e d  t o  green c h l o r i t e +  muscovite. Muscovite i s  i n v a r i a b l y  
a l a t e  minera l ,  probably formed du r ing  ret rograde metamorphism o f  t h e  region. 
The best  exposure o f  t rondh jemi te  i s  a t  Wissota Dam (Stop l o ) ,  where i t  i s  c u t  
by d ikes and i r r e g u l a r  masses o f  gray tona l  i t e  conta in ing  amphibol i t e  xeno l i t hs .  

The adamel l i tes  s imply conta in  more K-feldspar (m ic roc l i ne )  than t h e  trondh- 
jemi tes.  Whereas most o f  t h e  K-feldspar i n  t h e  t rondhjemites occurs as i r r e g u l a r  
i n c l u s i o n s  i n  t h e  p lagioc lase,  i t occurs more commonly as d i s c r e t e  g ra ins  i n  the  
adamell i t e s .  Ea r l y  k inemat ic  veins and d ikes o f  adamell i t e  showing f o l d i n g  and 
boudinage, i n d i c a t e  t h a t  t h e  sequence o f  i n t r u s i o n  was complex and n o t  conf ined 
t o  a s i n g l e  d i f f e r e n t i a t i o n  sequence (as a t  J im F a l l s ,  Stop 11). 

Several p l u g - l i k e  gabbro bodies were seen, bu t  so poo r l y  exposed as t o  render 
them unmappable. However, a gabbro body i s  we l l  exposed along t h e  Yellow R ive r  
near  Stop 8 about 2 m i les  eas t  o f  Cadott. The gabbro has a b recc ia ted  margin 
aga ins t  amph ibo l i t i c  and vo lcan ic (?)  rocks i n  in te rmed ia te  composit ion. Re1 i c t  
c l inopyroxene g ra ins  a r e  t h i c k l y  mantled by hornblende, which i s  i n  t u r n  rimmed 
w i t h  brown b i o t i t e .  The gabbro on t h e  Yellow River  c o s i s t s  o f  p lag ioc lase (Ans5), 
hornblende, b i o t i t e  and accessory quartz,  p y r i t e ,  magnetite, sphene, z i rcon,  
apa t i t e ,  and a l l a n i t e t ? )  The rock i s  c u t  by numerous shear zones, and d i sp lays  
a s u b t l e  c a t a c l a s t i c  f o l i a t i o n  i n  t h i n  sect ion.  The gabbro appears t o  be younger 
than t h e  t o n a l i t e  o r  t rondh jemi te  - l a t e  kinematic.  

Chemical analyses o f  t h e  p l u t o n i c  rocks are  inc luded i n  t a b l e s  5 and 6. An AFM 
diagram f o r  t h e  p l u t o n i c  rocks i s  g iven i n  F igure 7 .  A v a r i a t i o n  diagram showing 
a we l l -de f ined i n t e r r e l a t i o n s h i p  o f  t h e  p l u t o n i c  rocks i s  g iven i n  F igure  4 . 
The s i g n i f i c a n c e  o f  t h e  double K20 curve i s  n o t  f u l l y  understood, except t h a t  i t  
probably represents two d i s t i n c t l y  unre la ted  series, which are  otherwise i n d i s t i n g u i s h -  
able. More chemical data are  needed t o  v e r i f y  t h i s  trend. It i s  suggested t h a t  
f u t u r e  s tud ies  should concentrate on t h e  a l k a l i  r a t i o s  i n  p l u t o n i c  assemblages 
i n  t h e  p l u t o n i c  rocks o f  t h e  Chippewa Val ley.  
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Figure 4 -— Variation diagram showing variation of various oxides
in relation to weight.percentage of silica for tonalites, adamellites,
and trondhjemites in the Chippewa amphibolite complex. Bulk chemical
analyses by Technical Service Laboratories, Mississauga, Ont.
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Figure 4 - Variat ion diagram showing var ia t ion o f  various oxides 
i n  re la t ion  t o  weight ,percentage o f  s i l i c a  f o r  tonal i t e s ,  adamell i t e s ,  
and trondhjemites i n  the  Chippewa amphibolite complex. Bulk chemical 
analyses by Technical Service Laboratories, Mississauga, Ont. 



AMPHIBOLITES

A (Al 203-Na20-K20)

—11—

F (Fe203+FeO)

M (MgO)

Figure 5-- AFM diagram for amphibolites.omafic
amphibolites1 0 intermediate amphibol ites, and

• feldspathic amphibo4ites.Plotted in molecular
proportions. Total iron oxide expressed as Fe203

A (A1203-Na20—K20) NI (MgO)

Figure 6 -— AFM diagram for metavolcanic and
associated sedimentary rocks, •andesite tuffs,
o dacite(fl, otuffaceous conglomerate,
o rhyolite, Amuscovite—biotite quartzite.
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SOUTH FORK VOLCANIC AND
METASEDIMENTARY ROCKS

F (Fe2O3+FeO)
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Figure 5 -- AFM diagram f o r  aaphfbol i tes.  o m a f i c  
amphibolites, 0 intermediate amphibol i t e s ,  and 

fe ldspathic amphibolites. -P lo t ted  i n  molecular 
proportions. Total  i r o n  oxide expressed as Fe203 

SOUTH FORK VOLCANIC AND 
METASEDIMENTARY ROCKS 

Figure 6 -- AFM diagram f o r  metavolcanic and 
associated sedimentary rocks, andesite t u f f s ,  
0 d a c i t e ( ? ) ,  o tu f faceous  conglomerate, 
0 r h y o l i t e ,  A muscovite-biotite quar t z i t e .  



PLUTONIC ROCKS

o Trondhjemite

• Tonalite
£ Adamellite

Gabbro

• Diorite

A (Al203—Na20—K20)

—12—

F (Fe203+FeO)

M (MgO)

Figure 7 -— Composite AEM plot of plutonic rocks
in the Chippewa amphibolite complex, plotted in
molecular proportions. See tables S and 6 for des-
criptions of rocks.

(MgO)

Figure 8 -- Composite AFM plot showing compositional
limits of plutonic rocks, South Fork volcanic and
sedimentary rocks, and amphibolites. Average trend
shown with a heavy black line.

oo a
o U

COMPOSITE PLOT
F (Fe2O3+FeO)

C Plutonic rocks

O South Fork volcanic
and sedimentary
rocks

Amphibol itesC •1
__ .—

A (Al 203-Na20—K2

PLUTONIC ROCKS 

0 Trondhjemite 

A Adamel 1 i t e  

A (A1 n03-Na,0-K,0) 

Figure 7 -- Composite AFM p l o t  o f  p l u t o n i c  rocks 
i n  t h e  Chippewa amphibol i te complex, p l o t t e d  i n  
molecular proport ions. See tab les  5 and 6 f o r  des- 
c r i  p t ions  o f  rocks. 

COMPOSITE PLOT 

(--- - Plu ton ic  rocks 

South Fork volcanic 
and sedimentary 

Figure 8 -- Composite AFM p l o t  showing composit ional 
l i m i t s  o f  p lu ton i c  rocks, South Fork volcanic and 
sedimentary rocks, and amphibol i t e s .  Average t rend  
shown w i t h  a heavy black l i n e .  
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TABLE I — BULK CHEMICAL COMPOSITIONS OF I'FIC AMPHIBOLITES*

7336
A

7425 177132
B

77138
A

77155
B

7902
A

7908
A

7927
N-I

7941
A

7950
A

SiC2 49.06 1 A8 98 52 r28 4&30 986609
A1203 15.61 17.12 14.88 13.16 13.30 13.51 19.95 11.06 14.66 13.86

Fe203+

FeC

12.40 11.16 11.12 14.46 13.51 11.59 13.24 11.62 11.09 11.93

CaD 10.04 9.65 10.90 9.02 9.69 11.87 11.47 12.34 12.10 14.75

MoO 6.60 5.21 3.19 5.57 7.31 10.85 5.52 15.28 8.11 7,66

'rJa2O 3.08 2.32 0.85 2.32 2.93 1.32 2.57 1.18 2.23 1.64

1(20 0.77 0.68 1.04 0.68 0.31 0.78 0.90 0.70 0.58 0.71

Tb2 0,77 öT1 0.56 1.01 1.13 0,34 0.96 0.19 1.00 0.60

MnO 0.19 0.18 0.14 0.21 0.18 0.21 0.21 0.20 0.19 0,21

P205 0.14 0.12 0,19 0.29 0.17 0.00 0.27 0.09 0.08 0.15

LOI 0.64 0.75 1.99 0.60 0.26 0.56 0.66 0,71 0.37 0.42

TOTAL 99.28 100.2 100.3 98.28 100.31, 98.31 100.0 99.35 100.1 100.01

7425—B Cornell Dam
SW¼SE¼Sec.18; T3IN, R6H

77132 Eau Claire R.
SW¼Sk Sec. 20; T27Nç RJW

77138—A Eau Claire R.
NE¼SE¼ Sec.29; T27N, R7W

77155—B Knight Pool; North Fork.
Eau Claire R.
NW¼SE¼ Sec.IO; T26N. R7W

7902—A Little Falls, Eau Claire R.
SW¼NW¼ Sec.19; T27N, R7W

7908—A Fisher R. Bridge
SWgSW¼ Sec.4; T3IN, R6W

7927—N—i Little Falls, Eau Claire R.
5W¼NW¼ Sec. 19; T27N, R7W

7941—A Knight Pool; S. Fk.
NW¼SE¼ Sec.l0; T26N, R7W

7950—A Jim Falls, Chippewa R.
SW'iE¼.Sec.30; T3ON, R8W

Desc rip U on

H—P—8—E—C schist with contorted granitic
veinlets in isoclinal folds; banding cut
discordantly by granitic veinlets,dikes

H—C schist; strongly lineated; isoclinal
folds of P

fine—grained H—P schist; strongly
1 ineated

H—P schist, lineated; associated with
banded P—H gneiss.

Fine—grained H—P schist (H—60%); thinly
banded with lensoidal masses of feldspar
very tight isoclinal folds of P locally
0—B bearing

H—rich inclusion of lineated hornblendite
gneissic H tonalite intrusion breccia;
H has a pronounced green color in specimen
and in thin section.

H—P schlst—looks like gneissic H gabbro;
cut by pegmatite veinlets and mylonite
'veinlets" with right—lateral displacement

Lineated horrblendite xenolith In H—
tonalite intrusion breccia

Medium fine—grained H—P schist

Medium—grained H—P schist with P In tight
isoclinal shear folds, whose limbs impart
a pronounced layering in the rock

Laboratory, Mississaugua, Ontario, Canada

Soec. No. Location

7336—A Eau Claire R.
SE¼S%% Sec.l8; T26N, R5W

* Chemical analyses by Technical Service

** Mineral Abbreviations:P = plagioclase; H hornbiende; Q = quartz;
B = biotite; K = K—feldspar; N = muscovite; E = epidote; C = chlorite;
S = sericite; 6 = garnet

- 1  J- 

TABLE 1 - BULK CHEMICAL COMPOSITIONS OF MAFIC AMPHIBOLITES* 

Cornell Dam 
SMiSEdSec.18; T31N, R6 

Eau Claire R. fine-grained H-P schist; stronaly 
SWiSlfc Sec. 20; T Z 7 k  R 

771384 Eau Claire R. H-P schist, lineated; associated with 
NWEk Sec.29; T27N. R banded P-H gneiss. 

Knight Pool; North For 
Eau Claire R. banded with lensoidal masses of felds 
NWEk Sec.10; T26N. R very t i g h t  isoc l ina l  folds of P loca 

L i t t l e  Falls, Eau Claire R. H-rich inclusion of l ineated hornblen 
S U W  Sec.19; T27N. R7W gneissic H tonal i te  intrusion breccia- 

H has a pronounced green color i n  spe 
and i n  th in  faction. 

Fisher R. Bridge H-P schist-looks l i k e  gneissic H gabb 
SMiSMi Sec.4; T31N. R6H cut by pegmatite veinlets and mylonit 

veinlets" with r ight- lateral  displac 

L i t t l e  Falls, Eau Claire R. Lineated hornblendite xenolith i n  H- 
SHWIfa Sec. 19; T27B. B71b tonal i te  intrusion breccia 

Knight Pool; S. Fk. Hedium fine-grained H-P schist  
NUkSEk Sec. 10; T26N. R7H 

Jim Falls, Chippewa R. Mediuei-grained H-P schist  with P i n  t i g h t  
SwaiEii.Sec.30; T30N. RBH isoc l ina l  shear folds, ihose limbs impart 

a pronounced layering i n  the rock 

Chemical analyses by Technical Service Laboratory, Mississaugua, Ontario, Canada 

r a l  Abbreviati0ns:P = plagioclase- 
= b io t i te ;  K = K-feldspar; M = uu 
= seric i te;  6 = garnet 
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TABLE 2 — BULK CHEMICAL COMPOSITIONS OF INTEIE0IATE NIPHIB0LITES*

7830
A

7830
B—

7830
6

7830
H

7830
I

7904
C—

5th2 57.08 57.24 57.5k 63.0i 68.42 63.39

Al203 15.87 14.89 17.74 l4.3r 14.37 17.22

Fe203+

FeO

8.68 9.75 5.80 6.64 3.77 5.28
.

CaO 6.10 5.42 6.13 6.13 4.94 5.18
MgO 4.51 4.55 3.47 3.31 1.14 2.20
Ma20 3.66 3.16 3.96 2.69 3.02 4.17

K20 0.72 1.36 1.89 1.18 0.99 1.00

flO2 0.46 0.61 0.34 0.27 0.22 '1.70

MnO 0.14 0.14 0.08 0.11 0.06 0.06

P2°s 0.02 0.13 0.23 0.03 0.00 0.25

LOI 1.17 1.61 1.53 1.19 0.71 0.80

TOTAL 98.41j98.85 98.73 98.94 98.22 !22d

Spec. NO. Location Descr1otion
7830—A Confluence of N & S Forks Lineated P—H gneiss with lensoidal P clots,

of the Eau Claire R. Interlensing shear surfaces with —C
SE¼NE¼SbDS Sec.15; 12611, laminae; Segmented, lenticulated P & H.
R5W NE end of outcrop

7830—B 2 meters west of 7830—A Feldspathic H—P gneiss. with subhedral P
& H lineation; Large fl—P bands form band-
ing; E (10%) along and across H—P layerino.

7830—C 3 meters westof 7830—8 P—H gneiss composed of bent and crushed
lensoldal P & H; both show undulatory
extinction and fragmented crystal boun-
daries; cross—cutting shear planes are
E—rich. -

7830—6 15 meters west of 7830—F Medlum—coarse—grained feldspathic P—H gneiss
with lenticular H, P. and subordinate fine
grainS (J. P nearly all altered to 5; H
mestly converted to oreen C. H grains
segmented, broken into sigmoidal lenses
which wrap around coarser P lensolds.
Cataclastic lamination N400W, vertical.

7830—H 5 meters west of 7830—6 Bands P—H gneiss; contains abundant pyrite.
Broken and bent P porphyroclasts and len—
ticulated, bent, segmented H in a matrix
of fi, E. and P. P altered to 5; H partly
altered to C-PE. Tension fractures across
cataclastic laminatio.i, are filled with C#E.

7830—I Same location as 7830—6 Felsic layer in 7830—G; more fi, less H
than 7830—6; much mylonitization.

7904—C Yellow River, east of Volcanic (?) Now a fine—grained H—B tonalite
Cadott or trondhjenite. H layering parallel to

B foliation. No evidence of volcanic oriqin.

* Chemical analysis by Technical Services Laboratories, Nississaugua. Ontario, Canada
Mineral Abbreviations: P — plagioclase; H — hor,iblende; 0 quartz

B = biotite; K — K—feldspar; P1 = muscovite; E epidote; C = chlorite;
S = sericite; 6 garnet

&g,g&& - Location 
78a-A Confluencm o f  N 6 S Forts 

of the Eau Claire R. 
S E k N E S R  k . 1 6 ;  T26N. 
RW NE and o f  OUtCnIP 

7833-0 2 meters west of 7833-A 

78304 3 meters west.of 7830-8 

7833-6 15 meters west of 7833-F 

~ c r i o t i m -  
Lineated P-H gneiss with lensoidal P clots. 
Interlensing shear surfaces with E-C 
laminae; +nted, lent iculated P & H. 

Feldspathic H-P gneiss, ~ 4 t h  subhedral P 
& H l ineation; Large Q-P bands fom band- 
ing; E (10%) along and across H-P layerinq. 

P-H gneiss c w s e d  of bent and crushed 
lensoidal P 6 H; both show undulatory 
extinction a d  f ramntea cws ta l  boun- 
dar ies crvss-cutti ig shear d a m s  are 
E-rich. 

Medim-coarsegrained feldspathic P-H gneiss 
with l m t i m l a r  H. P. and subordinate f i ne  ~ -~~ . ~ - - - - -  -~~ 

grained 0 .  P w a r l y  a l l  altered t o  5 ;  H 
m s t l y  converted t o  green C. H grains 
sepented. broken {nto s i m i d a l  lenses 
h i c h  wrap a m d  coarser P lensoids. 
Cataclastic lamination NW%. vertical. 

7830-H 5 meters west o f  7830-6 8anded P-H gneiss; contains abundant pyrite. 
Emken and bent P wr@~ymclasts and len- 
ticulated. bent. semented H i n  a matrix 
o f  Q, E. and P. P altered t o  S; H par t ly  
altered to WE. Tension fractures a c m s  
cataclastic l&aimtim arc filled with C+E. 

7830-1 Sam location as 7830-6 Felsic layer i n  7820-6; more 0, less H 
than 7830-6; mch mylonitization. 

79044 Yellow River, east o f  Volcanic (?) Now a fine-grained H-E tona l i te  
Cddott or trondhjmite. H layering oaral le l  t o  

8 foliation. No evidence o f  volcanic oriqin. 

* Chemical analysis by Technical Sewices Laboratories, Mississaugua, Ontario. Canada - Uineral Abbreviations: P - plagioclase; H - hornblende; Q - quartz 
8 = biot i te;  K - K-feldspar; tl = mscovite; E = epidote; C = chlor i te;  
S * ser ic i te;  G = garnet 
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TABLE 3 — BULK CHEMICAL COMPOSITIONS OF FELDSPATHIC N.IPHIBOLITES*

7711 77105
A

77119
C

77128

5i02 48.36 50.51 49.69 57.54
M203 28.48 26.71 24.89 18.80

Fe203+

FeO

3.05 3.48 4.18 7.15

CaO 12.99 14.46 13.31 6.72
Mg0 1.92 0.68 2.94 2.87

Na20 3.11 1.67 2.91 4.34

<20 0,28 0.26 0.44 0.26
TiC2 0.18 0.25 0.31 0.49
MnO 0.04 0.05 0.06 0.08
P205 0.02 0.02 0.09 0.12

LOl 0.52 0.40 0.60 0.60

TOTAL 98.96 98.48 99.43 98.96

Spec. No. Location Description
7711 Cornell Dam NI NE¼ Strongly lineated P—H—G schist; ragged

Sec. 19; T3IN. R6W S in layers.

77105—A Eau Claire R. at Nine— Strongly lineated P—H gneiss with folded
mile Cr. MR SW Sec. lineatlon
15; T27N, R8W

77119—C Big Falls, Eau Claire Lineated P—H gneiss similar to 77105—A
R. 44i4 SR Sec. 13;
T27N, R8W

77128 Eau Claire R. NW¼ Intermediate P—H gneiss; tight isoclinal
NE¼ Sec. 19; T27N, R7W folds of P bands

* Chemical analysis by Technical Services Laboratory, Mississaugua, Ontario, Canada

-- Mineral Abbreviations:
P = plagioclase; H hornblende; 0 quartz; B = biotite; K = K—feldspar;
M= nI!scovite; E epidote; C = chlorite; S — sericite; S — garnet

TABLE 3 - BULK CHEMICAl CLWOSXTIONS OF FELDSPATHIC PMPHIBOLITES* 

Swc. No. Description 
7711 Cornell Dm Nlk N& Strongly l ineated P-H-G schist; ragged 

Sec. 19; T31t1, MU G i n  layers. 

77105-A Eau Claire R. a t  Nine- Strongly l ineated P-H gneiss with folded 
mi le  Cr. NEk Sk% Sec. l i n e a t i m  
15; T27N. RW 

771194 Big  Falls, Eau Claire Lineated P-H gneiss s imi lar  t o  77105-A 
R.  Wa S& Sec. 13; 
T27N. R8U 

771 28 Eau Claire R.  Nlk I n t e m d i a t e  P-H gneiss; t i g h t  isoc l ina l  
NEk Sec. 19; T27N. R7W folds o f  P bands 

Chemical analysis by Technical Services Laboratory, Mississaugua, Ontario, Canada 

* ~ i n e r a l  4bbmviations: 
P = plagioclase; H = hornblende; Q = quartz; B = b io t i t e ;  K = K-feldspar; 
w iwscovite: E - epidote; C = chlor i te;  S - seric i te;  G = garnet 
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TABLE 4 . BULK CHEMICAL COMPOSITIONS OF METAVOLCANIC AND METASEDIMENTARY ROCKS
FROM SOUTH FORK OF THE EAU CLAIRE RIVER*

7829
A

7829
B

7829
C

7830
E

7830
F

7831
B

7832

5102

=
56.84

=
59.48

=
48.19

=
61.76

=
61.60

=
75.89

=
82.64

A1203 6 .4l 4 fl6 Y8 fl 8.51
Fe203+

FeO

6.03 4.08 10.40 7.14 6.80 1.22 2.60

CeO 1.33 0.76 0.60 3.65 4.06 0.06 0.00
MgO 3.43 3.10 8.10 2.03 2.25 0.22 2.23
Na20

K2O

7.44

T7T
7.77

t26
4.68

TT
3.29t2 3.38

t11
0.16tfl 0.08tfl

flO2 0.51 0.49 0.65 0.56 0.51 0.24 0.10
MnO 0.05 0.04 0.09 0.07 0.08 0.00 0.01
P205

L0I

0.21

LU
0.10t 0.27& 0.21

L80
0.25t 0.00

Th
0.00

11
TOTAL 98.11 99.39 99.50 100.1 99.74 96.77 99.72

Spec. No. Location Descriotion

(7329) Confluence of N. & S. Forks Chioritized, sericitized vitric andesite
of Eau Claire River tuff with lensoidal P and clasts in fine—
5E¼ 5E¼ Sec. 16; T26N. R5W grained tuffaceous matrix; thinly laminated,

bedded. (Thin section only)

7829—A Same as 7329 above Feldspathic andeslte(?) tuff

7829—B Same as 7329 above Coarse feldspathlc tuff

7829—C Same as 7329 above Coarsest. H—bearing, feldspathlc andesite
tuff; Clastic P is broken and bent; rocks
have been strongly sheared, locally cata—
clasis produced interlensing shear surfaces
along which C fonTled. Fragmented H.

7830—E Eau Claire River: NE¼ 5W& Gray meta—agglomerate (?) similar to C
Sec. 16; T26N, R5W; 4 meters Rounded, ovoid clasts of strained Q, P.
west of 7830—0 C (pennine); devitrified glass(?)

Matrix Is a laminated meshwork of fine—
grained Q+P+E—C.

7830—F 5 meters west of 7830—E Coarse, sheared dacite(?) with' bent,
broken P and Q In E—C matrix of interlensing
folla, very fine—gralned crush debris.
Some angular fragments of strongly zoned
P. Van Schnmjs sample for zircon — U—Pb
dating (1859±20 m.y.) sample 74—VS—ic.
Metatuff?

7831—B Hay Creek below Rock Dam Sheared rhyolite (?) contains polygranular
514¼ NE¼ Sec. 15; T26N, R4W lenses of Q in a laminated matrix of Q4K+M

7832 County Hwy. H at Eau Claire H—C quartzite and phyilite with kink folds
River NE NE¼ Sec. 1: on the hats of a small anticline which
T26N, R4W plunges ENE at about 400

* Chemical Analysis by Technical Services Laboratory, Mississaugau, Ontario, Canada
Mineral Abbreviations: P plagioclase; H — hornblende; Q quartz;

B = biotite; K = K—feldspar; N = muscovite; E = epidote; C chlorite;
S = sericite; 0 = garnet

TMLE 4 - SULK CHWICM CWOSITIfflS OF Mâ‚¬rAVOLCAN AM IETASEDIMEWARY WCS 
FKU SWTH FORK OF THE EAU C L A M  RIVERg 

Feo 
UO 1.33 0.76 0.60 3.65 4.06 0.06 0.00 
'%a 3.43 3.10 8.10 2.03 2.25 0.22 2.23 
Ma-0 7.44 7.77 4.m 3 . 8  3 . 2 ~  0.16 n n n  

Description* 

(7323) Confluence of N. & S. Forks Chlorit ized. ser ic i t i zed v i t r i c  a n d s i t e  
of Eau C l a i m  River tuf f  wi th lensoidal P and clasts i n  f ine- 
SE4 SE4 Sec. 16; T26N. R5U graiced tuffaceous matrix; t h i n l y  laminated. 

bedded. (Thin section only) 

7829-A S m  as 7323 above Feldswthic ands i te (?)  t u f f  

7829-6 Sme as 7323 above Coarse feldspathic tuff 

7829-C Sam as 7329 above Coarsest, H-Unring. fe ldswth ic  andesite 
tuft Clast ic P i s  broken and Wt; mcks 
have been strongly sheared. l oca l l y  cata- 
c lasis produced inter lensing s h n r  surfaces 
along e t c h  C f o W .  Fragmnted H. 

78%-E Eau Claire River: NE4 S& Way mta-agglomerate (? )  s imi la r  t o  C 
Sec. 16; T26N. R5U; 4 meters Rounded! ovoid c lasts of strained Q, P,  
west o f  7830-0 C (wnnine); & v i t r i f i e d  glass(?) 

Mdtrix i s  a laminated m s b r k  of fine- 
gn ined  WM-C.  

78%-F 5 meters west of 7830-E Coarse. sheared dacite(?) with. bent, 
broken P and Q i n  E-C matrix o f  inter lensing 
folia, very fine-gratned crush debris. 
S m  angular fragnents of strongly zoned 
P. Van Schms saw le  for z i rcon - u-Pb 
dating (1859220 my.) sample 74-vs-lo. 
N t a t u f f ?  

7831-8 Hay Cmek b e l w  Rock Dam Sheared r i tyo l i te  (?I  contains po lygranu la~ 
S& NE4 Sec. 15; T26N. R4U lenses o f  Q i n  a laminated matrix of WKM 

7832 County W. M a t  fau Claire M-C quartz i te and p h y l l i t e  w i th  kink fo lds 
River NEk NE4 Sec. 1: on the l inbs  of a small an t ic l ine  which 
~ 2 6 ~ .  R ~ U  plunges ENE a t  about m0 

- memical Analysis by Technical Services Laboratory, Mississaugau, Onta~ io ,  Canada 
Mineral Abbreviations P - plagioclase; H - hornblende; Q = quartz; 

8 = b io t i t e ;  K = K-feldspar; M = mscovite; E - epidote; C = chlor i te;  
S = ser ic i te ;  G - garnet 
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TABLE S - BULK CHEMICAL COMPOSITIONS OF TONALITES*

7906
A

7922= 7923 7927
A 0—2= 7927

N—2—
7952

B—
5402 64.52 64.71 56.79 61.05 66.81 64.79

A1203 16.39 16.56 16.73 16.00 15.18 16.69

Fe203+

FeO

4S8 8.40 7.18 tTh

CaD 4.28 4.28 5.93 6.48 4.91 4.05

MgO 2.24 2.27 3.43 3.81 1,74 1.82

Na20 3.79 3.89 2.93 3.34 3.98 4.52

(20 2.29 2.11 2.10 1.37 1.23 1.41

T402 0.62 0.43 0.67 0.68 0.53 0.36

MnO 0.06 0.06 0.14 0.11 0.05 0.04

P205

L0I

0.209 0.25 0.18

T2
0.115 0.17 0.19fl

]

TOTAL 100.3 99.14 98.23 100.5 100.2 98.07

Spec. No. ..ucation

7906—A Wissota Dam, Chippewa R.
NE¼ NIJJ¼ Sec. 3; T28t1
R8W

7922 Fisher River
SW¼ Sl.P Sec. 4; T31N,
R6W

7923—A Fisher River
5W¼ SW¼ Sec. 4; T31N,
R6W

7927—0—2 Little Falls, Eau Claire
River SW¼ W4 Sec. 19;
T27rJ, Rib!

7927—N—2 Little Falls, Eau Claire
River
SW¼,NbP, Sec.l9, T27N,R7W

7952—B Jim Falls; Chippewa River
ME¼, NE¼. Sec. 30; 13CM,

R8W

Description **

B—H tonalite with slight flow lineation;
not sheared

Gneissic B tonalite protorriylonite with flj

blebs (20%); contains occasional xenoliths
of feldspathic rock (adamellite?)

Banded, gneissic H—B tonalite; xenolith
in adamellite or granodiorite (?) B = 10%;
H = 30%; P = 35%; 0 15%; E = 2%

Gneissic P—H—B tonalite matrix for intrusion
breccia containing abundant, elongated H—
rich xenoliths

Massive H tonalite or trondhjemite (?) P

(63%) not twinned; Q 21%; H = 13%; matrIx
for H—rich xenoliths

Sheared gnelssic H—B tonalite; locally con-
tains lenses and bands of H—schist and dike—
pegmatite masses

* Chemical analyses by Technical Service Laboratory, Mississaugua, Ontario, Canada
** Mineral Abbreviations: P = plagloclase; H = hornblende; 0 quartz;

B = biotite: K = Kfeldspar; N = muscovite; E epidote; C = chlorite;
S = sericite; S = garnet

Swc. No. 

7906-A 

7922 

7923-A 

79274-2 

7927-N-2 

7952-6 

TABLE 5 - BULK CHEHICAL CtXPOSITIONS OF TWALITES* 

a Description * 
Uissota Dm. C h i p w a  R. 6-H tona l i t e  wi th  s l i g h t  flow lineation; 
NEk w% k. 3; T2&i not sheared 
WN 

Fishev River Gneissic 6 tona l i te  pmtmy lon i te  wi th  Il 
Sk% S h  W. 4; 131N. blebs (20%); contains occasional xenoliths 
R6N o f  feldspathic rock ladamcllite?) 

Fisher River Banded, gneissic H-B tonal i te;  xenol i th 
S!+ SUk Sw. 4; T31N. i n  adamellits o r  granodiorite (?)  B = 10%; 
R6W H = 30%; P = 35%; Q 15%; E - 2% 

L i t t l e  Falls, Eau Claire Gneissic P-H-B tona l i t e  matrix f o r  i n t w s i o n  
River Sbh ti% Sec. 19; breccia containing abundant, elongated H- 
T27tl. R7U r i c h  xenoliths 

L i t t l e  Falls, Eau Claire tkssive H tona l i t e  o r  t m n d h j m i t e  ( 7 )  P 
River (63%) not twinned; Q = 21%; H - 13%; matrix 
W.W, Sec.19. T27N.R7M f o r  H-rich xenoliths 

Jim Falls; Chippewa River Sheared gneissic H-B tonalite; l o c a l l y  con- 
N&, NEk. Sec. 30; TDN, tains lenses and bands of H-schist and dike- 

Ren pegmt i te  musses 

Chemical analyses b.v Technical Sewice Laboratory, Mississaugua, Ontario, Canada 

* Mineral Abbreviations: P = plagiwlase; H = hornblende; Q = quartz; 
B - b io t i t e :  K = K.fe1dspar; I4 = muscovite; E - epidote; C = chlor i te;  
S - sericf te;  G - garnet 
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TABLE 6 — BULK CHEMICAL ANALYSES OF TRONDHJEMITES,
ADNIELLITES. GABBRO • AND DI0RITE*

TRONOHJEMITES
AOM-
LLITE

GABBRO &
DIORITE—

7335
—
7337

—
77131

— 'a
7713617830

a
7905

a
7906

a
7901

a
7942

—
7425

—
7904

a
7945

5102 70.22 13.85 70.97 5i 70.62
13.75 15.52

C

72.36

D

71.18 78.27

A

65.66

A

72.20

A

49.45

A

52.33

Al203 15.50 14.10 15.13 14.59 15.54 12.00 16.69 14.02 16.30 20.27

Fe203+

FeO

3.12

2.95

2.09 2.97

2.71

2.17

1.44

2.49

2.61

2,54 2.11 1.68

2.56

3.S

2.6

2.04

2.04

9.11

9.53

6.75

Cia 1.12 2.90 2.56 9.86
MgO 1.03 0.56 0.96 0.42 0.97 0.81 0.71 0.44 2.l 0.68 8.45 5.13

Na20 4.39 4.57 4.59 3.05 4.45 4.62 4.84 3.33 4.Of 3.07 2.88 3.59

K20

7107

1.51fl 3.11

05
1.34

29
4.33t 1.43fl 1.45fl 2.39tY 1.22fl 4.05

o.3
3.96

tTh
0.860 0.96

Ibt 0.05 0.03 0.04 0.04 0.03 0.03 0.02 0.01 0.05 0.03 0.16 0.10
P205

LOl

0.06

Th
0.01t 0.04i 0.02

Th
0.05

Th
0.09i 0.09

0.21

0.00fl 0.25fl 0.05

Th
0.25tä 0.24

0.59

TOTAL 99.57 100.2 99.44 98.54 99.30 100.0 100.0 99.99 100.2 99.01 98.75 100.2

Eau Claire River near mouth
of *ippoonqill Creek
Sit 5E¼ Sec.18; T26M, R5W

7337 Eau Claire River at mouth
of t.thippoorwill Creek
St Mt Sec.18; T26N, R5W

771 31 Eau Claire River
SR Sit Sec.20; 127N, RTh

77136 Eau Claire River
MR St Sec.20; T27N, R7W

7830—0 Eau Claire River
0.5 meters of 7830-C
HR St Sec.l6 west
T26t1. R5W

7905-C Cadott Bridge, Yellow Riv.
St MR Sec.31; T29N R6W

7906—D Wissota Dam, Chippewa Riv.
MR Nt Sec.3; T28M, R8W

7907 Fisher River
Nit Nit Sec. 9; T3IM, R6W

7942—A Knight Pool, North Fork of
Eau Claire River
SR NE Sec.l0; T26H. R5W

Cornell Dam, Chippewa Riv.
SR MR Sec.l8; T31M, R6W

Highly sheared, chloritized, gneissic
trondhjauite; banded. nylonitized, mec-
hanically intermixed with H—P schists.

Foliated, fine—grained, aplitic B
trondhjemi te.

Foliated. H—B trondhjemite

Coarse, feldspathic trondhjemites
(Oligoclase porphyroclasts in fine—grained
matrix of strained Q; laminated) Feldspars
bent, broken, and Intruded by Q—rich mylonite.

Trondhjnite protomylonite gneiss with
ovoid P and N altered to E+M+B.

Gneissic B—H trondhjemite: major rock
type below Wissota Dam.

Gnelssic M-leucotrondhjmnite. Accessory
B and £ fort, throughgoing foliation; con-
tains round zircons.

8—trondhjrclte or granodiortte geiss.

B—H adamellite flaser gneiss or mylonite
gneiss with lensoids of P and K in Q—rich
mylonitic matrix; interlensed with H—P—C
gneiss and schist

GAB8i0 AMU DIORITE

7904—A Big Bend, Yellow River
NR SE¼ Sec.33; T29H, R6W

7945—A Little Falls, Eau Claire
River St Nit Sec. 19;
T27N. R7W

Sheared, foliated, cataclastic H—dlorite
with B foliation cut by cataclastic tone—
lite "dikes

B—H quartz gabbro; probably a contaminated
for,,, of H—tonalite.

* chemical analyses by Technical Services Laboratories, Mississaugua, Ontario,
Canada

Mineral Abbreviations: P = plagioclase; H = hornblende; Q = quartz;
B = biotite; K = K—feldspar; N muscovite; E a epidote; C chlorite
S = sericite; B • garnet

Spec. Mo.

TROMD}43EMITES

7335

Location Descri pti 0n

Gnelssic Leucotonal I te; gneissoslty
produced by elongation of Ab—rim,*d P

ADAJIELLITE

742S-A

TABLE 6 - BULK CHCNICAl PNALYSES OF TROtJDtUEMlTES,, 
XMELLITES. ~~, AND DlQRlTE* 

Ew Claire River m a r  mth 
d lhiPPMlWfl1 Creek 
W SE& k . 1 8 ;  T2ffl. R5U 

Eau Claire River a t  muth 
of lhippoolWfl1 CNek 
SWa N!& *.I& nffl, Rm 

Eau Claire River 
WS SPA SSC.~; 1 2 7 ~ .  mu 
Eau Claire River m s!& Sec.20; n7N. R7U 

Eau Claire River 
0.5 m t m  of 78244 
Ek SWa b . 1 6  west 
m. Rm 

Wtt Bridge, Yellan Riv. 
SWI NEk Sec.31; 12% R6U 

Uissota Dam. Chippea Riv. 
NP' nw' sec.3; T r n ,  m 
Fisher River 
NWa N!& Sec. 9; T31N. R6U 

might Pool, Nwth Fork o f  
M u  Claire River 
SEk m See.10; TZffl. Rm 

Gneissic LeucotoMlim gteissosity 
Pmduced by elmgation o f  A b - r i m d  P 

Highly s h ~ m d .  chlorit ized. gneissic 
tmmih ja i te ;  b a M .  aylonitized, mcc- 
hanically intemixed with H-P schists. 

Foliatsd, fine-grained, a p l i t i c  R 
tmndhjmite.  

Foliated. n-B tmndh jm i te  

( O l i w l a s e  p r ~ h m l a s ~ - i n  fim-grained 
m t r l x  of strained Q; I d n a t e d l  Feldswrs 
h t ,  bmken. and i n t M  by Q-rich aylonite. 

Trnrdhjcmite pmtcwlmite gndss wi th  
ovoid P and H altered to E m .  

Gneissic B-M tmndhjmite:  nmjor rack 
tm belcu Missota Dm. 

h e i s s i c  ble!4cotmndhjmite. Accessory 
B and E f o m  throughwing foliation; con- 
tains mund zircons. 

A M L L I T E  
7425-A Come11 Dam. Chippewa Riv. E M  adaml l i t e  maser gneiss o r  mylonite 

SEk NEk See.l& T31N. MU gneiss with lensoid* of P and K i n  Q-rich 
mylonitic matrix; interlensed with H-P-6 
gneiss and schist 

W B R O  AfiD DIDRITE 
7904-A Big Bend, Yellow River Sheared, foliated, cataclastic H-diorite 

NEk S& Sec.33; T29N. R6U w i t h  B fo l ia t ion cut by cataclastic h a -  
l i t e  'dikes. 

7945-A L j t t l e  Falls, Eau Claire 0-H quartz gabbm; pmbably a antaminat& 
River SWa NWa See. 19: ?om o f  H - h a l i t e .  
T27N. R7U 

* ~mica l  analyses by Technical Sewices L&xator ies ,  Missjssaugua, Ontario, 
Canada 

* Mineral Abbmviations: P = plagiwlase; H . hornblende; Q = quartz; 
B = b io t i te ;  K = K-feldspar; M = mscovite; E - epidote; C = ch lor i te  
s - seric i te;  G = garnet 
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GEOPHYSICS

Aeromagnetic quadrangle maps by Karl and Friedel (1974-1976) have not been
published in final form. However, the preliminary maps show important trends,
and the patterns help to identify and correlate aeromagnetic signatures with
mapping on the ground. Steep-sided ridges and troughs elongate parallel to
structural grain characterizes areas underlain by screens and enclaves of
amphibolite. The amphibolite terranes are in sharp contrast with the splotchy
contour patterns and low relief of areas underlain by granitic rocks. These maps
were of considerable help in compiling the generalized geologic map in Figure 1.

A portion of the Bouguer granity anomaly map of Wisconsin by Ervin and Hamer
(1974) has been included (Figure g ) for reference. Note the pronounced gravity
slope along the Jump River. Extended along its trend southwestward, the "lineament"
follows the north shore of Lake Holcombe and along the south side of Flambeau
Ridge, where Barron-type quartzite conglomerates are thrown into large open
folds which plunge northwest at about 55°. The Barron quartzites northwest of
Flarnbeau Ridge are typically undeformed.

A strong aeromagnetic lineament trending northwesterly across the mouth
of the Yellow River on the east end of Lake Wissota is matched by a major shear
zone of similar trend in the rocks there. Sims (1976) shows several major north-
west-trending faults of similar trend. The Bouguer gravity anomaly map shows a
large "positive" anomaly just east of Lake Wissota. This anomaly may be fault-
bounded on the west.

GE OC H RON OL OGY

Major events in the geologic history of the Chippewa Valley region have been
compiled in the chronology presented in Table 7. It is emphasized that this is
a tentative chronology. Only those age relationships for which there is field
evidence have been included. Zircon U/Pb dates have been published (Van Schmus,
1980 and Maass and Van Schmus, 1980) for four rocks in the Chippewa Valley: (1)
sheared dacite(?) from the South Fork volcanic and sedimentary rocks at location
7830-F (See Table 4 for description). Age = 1860 ± 20 m.y.; (2) banded amphibolite
from Big Falls, Stop 1. Age = 1850 +20 m.y.; (3) foliated hornblende tonalite
from Little Falls, Stop 2. Age = 1847+ 10 m.y.; and (4) trondhjemite at Chippewa
Falls Dam. Age = 1830 ± 15 m.y.

If the banded amphibolite (unit #1 of Cumings) is only 1850 m.y. old, it
will be very difficult to explain when two episodes of metamorphism and deformation
preceding intrusion of the Little Fp.lls Tonalite took place. Van Schmus (1980, p. 3)
states that, "In the case of the Big Falls zircon the possibility still exists
that they are metamorphic, formed during the Penokean Orogeny about 1850 m.y. ago
(Van Schmus, 1980) and that the gneiss is Archean, but for the present a Penokean
primary age is preferred." We are inclined from abundant field evidence at many
other places to support the contention that the age of the amphibolites at Big
Falls - and elsewhere throughout the CAC - is Archean.

BIG FALLS - LITTLE FALLS AREA - INTRODUCTION

A generalized geologic map of the Big Falls—Little Falls area (Figure 10) shows
that the rock units occur in bands trending west—northwest. It is suggested that if
the mafic hornblende schist underlies the feldspathic hornblende gneiss (layered
gabbro), the symetry of the units indicates an overturned anticline cored in part
by the hornblende tonalite intrusion breccia. Later faulting has modified this
structure. The biotite-hornblende-epidote-chlorite schists may be the substrate
for the layered gabbro.

GEOPHYSICS 

Aeromagnetic quadrangle maps by Karl and Friedel (1974-1976) have not been 
published i n  f i n a l  form. However, the prel iminary maps show important trends, 
and the patterns help t o  i d e n t i f y  and corre la te  aeromagnetic signatures w i th  
mapping on the ground. Steep-sided ridges and troughs elongate para l le l  t o  
s t ruc tu ra l  grain characterizes areas underlain by screens and enclaves o f  
amphibolite. The amphibolite terranes are i n  sharp contrast w i t h  the splotchy 
contour patterns and low r e l i e f  o f  areas underlain by g r a n i t i c  rocks. These maps 
were o f  considerable help i n  compiling the generalized geologic map i n  Figure 1. 

A por t ion o f  the Bouguer gran i ty  anomaly map o f  Wisconsin by Ervin and Hamner 
(1974) has been included (Figure 9 ) f o r  reference. Note the pronounced grav i ty  
slope along the  Jump River. Extended along i t s  t rend southwestward, the "lineament" 
follows the  nor th  shore o f  Lake Holcombe and along the south side o f  Flambeau 
Ridge, where Barron-type quar tz i te  conglomerates are thrown i n t o  large open 
fo lds which plunge northwest a t  about 55O. The Barren quartz i tes northwest o f  
Flambeau Ridge are t y p i c a l l y  undeformed. 

A strong aeromagnetic lineament trending northwesterly across the mouth 
o f  the Yellow River on the east end o f  Lake Wissota i s  matched by a major shear 
zone o f  s im i l a r  t rend i n  the rocks there. Sims (1976) shows several major north- 
west-trending fau l t s  o f  s im i l a r  trend. The Bouguer g rav i t y  anomaly map shows a 
la rge  "pos i t ive"  anomaly j u s t  east o f  Lake Wissota. This anomaly may be f a u l t -  
bounded on the  west. 

GEOCHRONOLOGY 

Major events i n  the geologic h i s to ry  o f  the  Chippewa Valley region have been 
compiled i n  the chronology presented i n  Table 7. It i s  emphasized t h a t  t h i s  i s  
a ten ta t i ve  chronology. Only those age relat ionships f o r  which there i s  f i e l d  
evidence have been included. Zircon UIPb dates have been published (Van Schmus, 
1980 and Maass and Van Schmus, 1980) f o r  four  rocks i n  the  Chippewa Valley: (1) 
sheared daci te(?) from the South Fork volcanic and sedimentary rocks a t  loca t ion  
7830-F (See Table 4 f o r  descr ipt ion).  Age = 1860 + 20 my.; (2) banded amphibolite 
f r o m  Big Fal ls,  Stop 1. Age = 1850 + 20 my.; (7) f o l i a t e d  hornblende t o n a l i t e  
f r o m  L i t t l e  Fal ls,  Stop 2. Age = 1847 - + 10 m y .  ; and (4) trondhjemite a t  Chippewa 
Fa l l s  Dam. Age = 1830 j^ 15 m.y. 

I f  the  banded amphibolite ( u n i t  # l  o f  Cuimn'ngs) i s  only 1850 m.y. old, i t 
w i l l  be very d i f f i c u l t  t o  explain when two episodes o f  metamorphism and deformation 
preceding in t rus ion  o f  the L i t t l e  Fa l l s  Tonal i te took place. Van Schmus (1980, p. 3) - 
states that ,  " I n  the case o f  the Big Fa l l s  z i rcon the p o s s i b i l i t y  s t i l l  ex i s t s  
t h a t  they are metamorphic, formed during the Penokean Orogeny about 1850 m.y. ago 
(Van Schmus, 1980) and t h a t  the gneiss i s  Archean, but  f o r  the present a Penokean 
primary age i s  preferred." We are inc l ined  from abundant f i e l d  evidence a t  many 
other places t o  support the contention t h a t  the  age o f  the amphibolites a t  B ig  
Fa l l s  - and elsewhere throughout the CAC - i s  Archean. 

BIG FALLS - LITTLE FALLS AREA - INTRODUCTION 

A generalized geologic map o f  the Big F a l l s - L i t t l e  Fa l l s  area (Figure 10)  shows 
tha t  the rock un i ts  occur i n  bands trending west-northwest. It i s  suggested t h a t  i f  
the mafic hornblende sch is t  underl ies the fe ldspathic hornblende gneiss (layered 
gabbro), the symnetry o f  the un i ts  indicates an overturned a n t i c l i n e  cored i n  par t  
by the hornblende tonal i t e  in t rus ion  breccia. Later f a u l t i n g  has modif ied t h i s  
structure.  The biotite-hornblende-epidote-chlorite schists may be the substrate 
f o r  the layered gabbro. 
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Figure 9 -- Bouguer anomaly gravity map of the Chippewa Valley region from Ervin
and Hamer, 1974.
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TABLE 7

TENTATIVE CHRONOLOGY FOR THE CHIPPEWA VALLEY REGION

——— UNCONFORMITY— Erosion, jointing, regional uplift —————--——--'-———"—

Fourth Deformation, Block faulting along northwest-trending
faults. Holcombe Dam, Lake Wissota.

Intrusion of leucotronchjemite veins, Lake Wissota
0

1100 m.y. (?) Intrusion of gabbro-diabase dikes throughout region; ENE trends
C-

.UNCONF0RMITY —.r Erosion — removal of several kilometers of
I-

Third Deformation, Cataclasis, and Greenschist Facies Metamorphism
Large scale open folding ancfTical drag folding associated with

faulting and widespread mylonitization; formation
P of garnet, chlorite, and epidote in amphibolites and South
I Fork, Jump River volcanic and sedimentary series.

Aplite and pegmatite dike intrusion (Little Falls, Jim Falls)
1824 25 m.y.* Intrusion of "Lineated tonalite", Jim Falls, Wissota Dam (dikes)

Late Kinematic intrusion of gabbro, Yellow River (Stop 8)
S

1830 ± 15 p•y* Intrusion of trondhjemite, granodiorite, adamellite, Lake
Wissota, Chippewa Falls, Fisher River (leucotrondhjemite) Main

C- pulse of plutonic activity. Intrusion of composite batholiths
along the axis of the Penokean orogen.

.4 C-
1842 ± 20 m.y.* Intrusion of "Foliated Tonalite" Breccia, Little Falls, Cadott.

Synkinematic intrusion under high compression and in the pre-
sence of a steep geothermal gradient. Formation of Little Falls
and Fisher River breccias, and possibly the breccia at Cadott.

a 1860 20 m.y.* Volcanism and Sedimentation: deposition of South Fork and Jump
River volcanic and sedimentary rocks as part of the Flambeau
and Black River volcanic provinces.

UN CONFORMITY

Second Deformation, Cataclasis, and Regional Metamorphism
Strike—slip faulting, iocaliized cataclasis, formation of
tight, open (F-2) open folds, development of tectonic
breccias by differential movement along shear planes;
intrafolial folds.Subsequent erosion.

Intrusion of trondhjemite (Cadott, Jim Falls) and Granite
(Little Falls)
First Deformation and Metamorphism
Isoclinal folding (F—i) with axial plane shearing, displacement;
formation of garnet porphyroblasts (Big Fails).
Intrusion and gravity differentiation of Big Falls gabbro
For details, see Table 8.

— Basaltic Volcanism and Sedimentation
* Van Schmus, 1980

TABLE 7 

TENTATIVE CHRONOLOGY FOR THE CHIPPEWA VALLEY REGION - UNCONFORMITY- Erosion, jo in t ing ,  regional up1 i ft - 
I 

Fourth Deformation, Block f a u l t i n g  along northwest-trending 
Taults. Holcombe Dam, Lake Wissota. 

In t rus ion o f  leucotronchjemite veins, Lake ~ i s s o t a  

1100 m y .  (?)  In t rus ion o f  gabbro-diabase dikes throughout region; ENE trends 

UNCONFORMITY - Erosion - removal o f  several kilometers o f  rock - 
Third Deformation, Cataclasis, and Greenschist Facies Metamor~hism 

.------- Large scale open fo ld ing  a n d x c a l  drag fo ld ing  ass- 
s t r i  ke-sl i p  f a u l t i n g  and widespread myloni t izat ion;  formation 
o f  garnet, ch lor i te ,  and epidote i n  amphibol i tes and South 
Fork, Jump River volcanic and sedimentary series. 

Ap l i t e  and pegmatite d ike in t rus ion  ( L i t t l e  Fa l ls ,  Jim Fa l l s )  

In t rus ion  o f  "Lineated tonal i te " ,  Jim Fa1 I s ,  Wissota Dam (dikes) 

Late Kinematic in t rus ion  o f  gabbro, Yellow River (Stop 8) 

In t rus ion o f  trondhjemite, granodiorite, adamel 1 i te, Lake 
Wissota, Chippewa Fa1 l s ,  Fisher River (leucotrondhjemi t e )  Main 
pulse o f  p lu ton ic  a c t i v i t y .  In t rus ion o f  composite batho l i ths  
along the axis o f  the Penokean orogen. 

In t rus ion  o f  "Fol iated Tonali te" Breccia, L i t t l e  Fal ls,  Cadott. 
Synkinematic in t rus ion  under high compression and i n  the pre- 
sence o f  a steep geothermal gradient. Formation o f  L i t t l e  Fa l l s  
and Fisher River breccias, and possibly the breccia a t  Cadott. 

Volcanism and Sedimentation: deposit ion o f  South Fork and Jump 
River volcanic and sedimentary rocks as pa r t  o f  the Flambeau 
and Black River volcanic provinces. 

Second Deformation, Cataclasis, and Regional Metamorphism 
S t r i k e - s l i ~  fau l t ing .  l oca l l i zed  cataclasis. formation o f  
t i gh t ,  open (F-2) open folds, development o f t e c t o n i c  
breccias by d i f f e r e n t i a l  movement along shear planes; 
i n t r a f o l  i a l  folds.Subsequent erosion. 

In t rus ion o f  trondhjemite (Cadott, Jim Fa l l s )  and Granite 
( L i t t l e  Fa l l s )  

F i r s t  Deformation and Metamorphism 
I s o c l i n a l  fo ld ing  (1-1 ) w i th  ax ia l  plane shearing, displacement; 
formation o f  garnet porphyroblasts (Big Fal ls ) .  
In t rus ion and g rav i ty  d i f f e r e n t i a t i o n  o f  Big Fa l l s  gabbro 
For detai ls,  see Table 8. 

1 Basalt ic Volcanism and Sedimentation 
* Van Schmus , 1980 
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SUMMARY OF FEATURES:

The rocks at Big Falls County Park are part of a differentiated mafic
intrusive of Early Precambrian age. Primary igneous compositional banding
is present in all units. Rocks in the area have been deformed and meta-
morphosed three times producing complex relations between primary igneous
structures and structures formed by tectonic processes.

INTRODUCTION:

The outcroppings of Precambrian rocks at Big Falls County Park in north—
central Eau Claire County, Wisconsin, record a complex geologic history for
the west-central Wisconsin area. Although on first inspection, the geology
seems relatively straightforward, a closer examination reveals evidence for
possibly three periods of deformation and metamorphism and three late stage
fault sets. The apparent long geologic history recorded inthe rocks sug-
gests that the Big Falls area and at least parts of the west-central Wiscon-
sin area are underlain by rocks of Archean age, possibly early Archean age.

LOCATION: Eau Claire River, NW ¼, SE ¼, SEC. 13, T. 27N., R. SW, Eau Claire
County
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County 

AUTHOR: 

DATE : - 

M.L. Cunnings 

March, 1980 

SUIWARY OF FEATURES: 

The rocks a t  B ig  Fa l l s  County Park are p a r t  o f  a d i f f e ren t i a ted  mafic 
i n t rus i ve  o f  Ear ly  Precambrian age. Primary igneous compositional banding 
i s  present i n  a l l  un i ts .  Rocks i n  the area have been deformed and meta- 
morphosed three times producing complex re la t ions  between primary igneous 
structures and structures formed by tecton ic  processes. 

INTRODUCTION: 

The outcroppings o f  Precambrian rocks a t  B ig  Fa l l s  County Park i n  north- 
central  Eau C la i re  County, Wisconsin, record a complex geologic h i s t o r y  fo r  
the west-central Wisconsin area. Although on f i r s t  inspection, the geology 
seems r e l a t i v e l y  straightforward, a c loser examination reveals evidence f o r  
possibly three periods o f  deformation and metamorphism and three l a t e  stage 
f a u l t  sets. The apparent long geologic h i s to ry  recorded i n t h e  rocks sug- 
gests t ha t  the Big Fa l l s  area and a t  l eas t  par ts  o f  the west-central Wiscon- 
s i n  area are underlain by rocks o f  Archean age, possibly ear ly  Archean age. 
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The outcrops at Big Falls are the most extensive and best exposed
outcrops of a differentiated mafic intrusive of unknown size. Outcrops
of the intrusive are found for approximately 3.5 km up river from Big
Falls to approximately 4 km down river (Cumings and Myers, 1978). The
intrusive contains anorthosites, gabbroic anorthosites, gabbros and mafic
cumulates. Mostly anorthositic rocks crop out down river from Big Falls;
gabbroic to mafic cumulates crop out upstream. Besides representing the
best exposures of the intrusive, the Big Falls outcrops include examples
of the major rock units of the intrusive.

PREVIOUS WORK:

Big Falls was one of the first areas studied in west—central Wisconsin
(Cummings, 1971). The area was mapped in detail and preliminary chemical
data was presented by Cumings and Myers (1974) and Cummings (1975). An
expanded study along the Eau Claire River Valley in which the extent of
exposure of the differentiated intrusive was mapped, was reported by
Cummings and Myers (1978). This paper has drawn from these earlier works
but also presents new interpretations and reexamines earlier conclusions.

ROCK UNITS:

The differentiated intrusive is represented by four lithologies at
Big Falls (Figure 11). The units are recognized by the percentage of
hornblende and plagioclase, and the prominence of compositional banding.

Unit 1 is distinctly banded with hornblende—rich bands alternating
with plagioclase-rich bands. The unit has been called a banded amphibolite
gneiss (Cumings, 1975, Cummings and Myers, 1974) but it must be emphasized
that the banding is inherited from the protolith and is not due to metamor-
phic differentiation. Unit one is found only at Big Falls and from local
relationships appears to be in fault contact with the other three units at
Big Falls. Coarse garnet porphyroblasts are prominent in the unit occurring
both in hornblende—rich and plagioclase—rich compositional bands.

Units 2, 3, and 4 are stratigraphically continuous and are represen-
tative of apparent mesoscopic and megascopic compositional banding in the
intrusive.

Unit 2 is dark green to black, finely-banded amphibolite schist of
unit 2 to an anorthositic unit in unit 4. The third unit is 2.3 m thick
and has sharp contacts against units 2 and 4. The unit is best exposed on
the island where its width is uniform along strike, however it is absent
or greatly disrupted on the north and south banks of the river because of
faulting.

The third unit is transitional from the amphibolite schist of unit 2 to an
anorthositic unit in unit 4. The third unit is 2.3 m thick and has sharp con-
tacts against units 2 and 4. The unit is best exposed on the island where its
width is uniform along strike, however it is absent or greatly disrupted on the
north and south banks of the river because of faulting.

The fourth unit, previously referred to as a feldspathic gneiss, is an
anorthositic unit that displays diffuse composition banding. The unit ranges
from a gabbroic anorthosite to an anorthosite.

One of the major difficulties in interpreting the geology of Big Falls is
deciding which structures and textures are metamorphic and which are primary
igneous features formed during crystallization and differentiation of the intrusive.

The outcrops a t  B ig  Fal ls  are the most extensive and best exposed 
o~ tc rops  o f  a  d i f fe ren t ia ted  mafic in t rus ive  o f  unknown size. Outcrops 
of the in t rus ive  are found f o r  approximately 3.5 km up r i v e r  from Big 
Fal ls  t o  approximately 4 km down r i v e r  (Cumings and Myers, 1978). The 
in t rus ive  contains anorthosi tes, gabbroic anorthosi tes, gabbros and mafic 
cumulates. Mostly anor thos i t ic  rocks crop out down r i v e r  from Big Fal ls ;  
gabbroic t o  mafic cumulates crop out upstream. Besides representing the 
best exposures o f  the in t rus ive,  the Big Fa l l s  outcrops include examples 
o f  the major rock un i ts  o f  the in t rus ive.  

PREVIOUS NORK: 

Big Fa l l s  was one o f  the f i r s t  areas studied i n  west-central Wisconsin 
(Cumings, 1971). The area was mapped i n  de ta i l  and prel iminary chemical 
data was presented by Cumings and Myers (1974) and Cummings (1975). An 
expanded study a1 ong the Eau C la i re  River Val 1  ey i n  which the extent of 
exoosure o f  the d i f fe ren t ia ted  in t rus ive  was mapped, was reported by 
Cumings and Myers (1978). This paper has drawn f r o m  these e a r l i e r  works 
but  also presents new in terpretat ions and reexamines e a r l i e r  conclusions. 

ROCK UNITS: 

The d i f fe ren t ia ted  i n t rus i ve  i s  represented by four  11 thologies a t  
Big Fal ls  (Figure 11). The un i ts  are recognized by the percentage o f  
hornblende and p l  agiocl ase, and the prominence o f  compositional banding. 

Un i t  1  i s  d i s t i n c t l y  banded w i th  hornblende-rich bands a1 te rna t i  ng 
wi th  plagioclase-rich bands. The u n i t  has been ca l l ed  a banded amphibolite 
gneiss (Cumings, 1975, Cumings and Myers, 1974) but  i t  must be emphasized 
tha t  the banding i s  inher i ted  from the p r o t o l i t h  and i s  no t  due t o  metamor- 
phic d i f f e ren t i a t i on .  Un i t  one i s  found only a t  Big Fa l l s  and f r o m  loca l  
re la t ionships appears t o  be i n  f a u l t  contact w i th  the other three un i ts  a t  
Big Fal ls.  Coarse garnet porphyroblasts are prominent i n  the u n i t  occurring 
both i n  hornblende-rich and plagioclase-rich compositional bands. 

Uni ts 2, 3, and 4 are s t ra t i g raph i ca l l y  continuous and are represen- 
t a t i v e  o f  apparent mesoscopic and megascopic compositional banding i n  the 
in t rus ive.  

Un i t  2 i s  dark green t o  black, finely-banded amphibolite sch is t  OT 
u n i t  2 t o  an anor thos i t ic  u n i t  i n  u n i t  4. The t h i r d  u n i t  is .2 .3  m t h i ck  
and has sharp contacts against un i ts  2  and 4. The u n i t  i s  best exposed on 
the i s land  where i t s  width i.s uniform along s t r i ke ,  however i t  i s  absent 
o r  g rea t l y  disrupted on the north and south banks o f  the r i v e r  because o f  
fau l t ing .  

The t h i r d  u n i t  i s  t rans i t iona l  from the amphibolite sch i s t  o f  u n i t  2 t o  an 
anor thos i t ic  u n i t  i n  u n i t  4. The t h i r d  u n i t  i s  2.3 m t h i ck  and has sharp con- 
tacts  against un i ts  2 and 4. The u n i t  i s  best exposed on the i s land  where i t s  
width i s  uniform along s t r i ke ,  however i t  i s  absent o r  great ly  disrupted on the 
north and south banks o f  the r i v e r  because o f  fau l t ing .  

The four th  un i t ,  previously re fer red t o  as a fe ldspathic gneiss, i s  an 
anor thos i t ic  u n i t  t ha t  displays d i f f use  composition banding. The u n i t  ranges 
from a gabbroic anorthosite t o  an anorthosite. 

One o f  the major d i f f i c u l t i e s  i n  in te rp re t ing  the geology o f  B ig  Fa l l s  i s  
deciding which structures and textures are metamorphic and which are primary 
igneous features formed during crysta l  1  i za t i on  and d i f f e r e n t i a t i o n  o f  the in t rus ive .  
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PRIMARY. IGNEOUS FEATURES:

The most prominent igneous feature is compositional banding. All
rock units display such banding and each of the rock units is, in itself,
a compositional layer of the larger intrusive.

Compositional bands are best displayed in unit 1. Individual horn—
blende-rich bands range from 0.6 cm to nearly 20 cm thick and alternate
with plagioclase-rich bands 0.6 cm to 30 cms thick. Bands are generally
uniform in thickness along strike but individual bands cannot be traced
the length of the outcrop because of late faults. A crude mesoscopic
banding is also present; feldspar—rich bands are prominent near the river,
but the number and thickness of hornblende—rich bands increases away from
the river.

Compositional banding in unit 2 is not as obvious as in unit 1, but
is nonetheless present. Fine—scale banding (<.5 cm) may be metamorphically
produced, however bands greater than 15 cm thick are believed primary. The
more mafic layers, possibly representing clinopyroxene - olivine cumulates,
contain 60 to 90 percent hornblende. Cumingtonite—garnet—hornblende
layers may represent olivine, orthopyroxene cumulates. The mesoscopic
compositional bands can be easily traced through the park. Some of the
mesoscopic bands are characterized by fine-scale bands of plagioclase
alternating with hornblende. Such fine—scale bands are difficult to trace
because of deformation.

The fourth unit is weakly banded. The percentage of hornblende varies
from band to band, generally composing less than 15 percent of a given band.

The contact zone between unit 2 and unit 3 is remarkable for a number
of apparently primary features. During crystallization of the intrusive
blocks of already crystallized material apparently dropped to the floor
of the intrusive and were buried by the crystals accumulating there. Three
examples of blocks have been found. Figure 12 is a feldspar—rich clast that
displays internal compositional banding. The internal banding is truncated
by banding in the more mafic enclosing rock, folds in the clast may have
been produced by later deformation. Two examples of hornblende—rich clasts
have been discovered. In each case the clast is clearly more mafic than
the enclosing rock. Internal banding is not present in either sample.
Although the clasts have been flattened in the plane of schistosity they can
be recognized as clasts formed during magmatic crystallization. Blocks of
earlier crystallized materials from different stratigraphic units of
differentiated mafic intrusives have been noted in majorcomplexes, including
the Bushveld Complex (Willemse, 1969 ) and the Stillwater Complex (Hess, 1960).

Another feature near the contact between unit 2 and unit 3 is illus-
trated in figure 3. A strongly contorted band approximately 0.3 m wide can.
be traced across the island. The width and the relative stratigraphic
level of the band are approximately uniform. The axes of folds in the band
are apparently random, and limbs are comonly truncated against limbs of
other folds. The fold axes do not coincide with any deformation features
observed in the enclosing rocks. Apparently the material represents soft
sediment deformation of the crystals that accumulated on the floor of the
magma chamber during crystallization. Slumpage of early formed crystals
on the chamber floor may have been triggered by convection in the cooling
magma or earthquakes during crystallization of the intrusive.

P R I N A R Y .  IGr4EOUS FEATURES: 

The m s t  prominent igneous feature i s  compositional banding. A l l  
rock uni ts display such banding and each o f  the rock un i ts  i s ,  i n  i t s e l f ,  
a compositional layer o f  the larger  intrusive.  

Compositional bands are best displayed i n  u n i t  1. Indiv idual  horn- 
blende-rich bands range f r o m  0.6 cm t o  nearly 20 cm th ick  and al ternate 
with plagioclase-rich bands 0.6 cm t o  30 cms thick. Bands are generally 
uniform i n  thickness along s t r i k e  but indiv idual  bands cannot be traced 
the length o f  the outcrop because o f  l a t e  fau l ts .  A crude inesoscopic 
banding i s  also present; feldspar-r ich bands are prominent near the r i ve r ,  
but the number and thickness o f  hornblende-rich bands increases away f r o m  
the r iver .  

Compositional banding i n  u n i t  2 i s  not as obvious as i n  u n i t  1, but  
i s  nonetheless present. Fine-scale banding (< .5 cm) may be metamorphically 
produced, however bands greater than 15 cm th ick  are believed primary. The 
m r e  mafic layers, possibly representing clinopyroxene - o l i v i n e  cumulates, 
contain 60 t o  90 percent hornblende. Cumningtoni te-garnet-hornblende 
layers m y  represent ol iv ine,  orthopyroxene cumulates. The inesoscopic 
compositional bands can be eas i ly  traced through the park. Some o f  the 
msoscopic bands are characterized by fine-scale bands o f  plagioclase 
a1 ternating wi th  hornblende. Such f ine-scale bands are d i f f i c u l t  t o  trace 
because o f  deformation. 

The fourth u n i t  i s  weakly banded. The percentage o f  hornblende varies 
from band t o  band, generally composing less than 15 percent o f  a given band. 

The contact zone between u n i t  2 and u n i t  3 i s  remarkable f o r  a number 
o f  apparently primary features. During c r ys ta l l i za t i on  o f  the in t rus ive  
blocks o f  already c rys ta l l i zed  material apparently dropped t o  the f l o o r  
o f  the in t rus ive  and were bur ied by the crysta ls  accumulating there. Three 
examples o f  blocks have been found. Figure 12 i s  a feldspar-r ich c l as t  tha t  
displays in terna l  compositional banding. The in terna l  banding i s  truncated 
by banding i n  the more mafic enclosing rock, fo lds i n  the c l as t  may have 
been produced by l a t e r  deformation. Two examples o f  hornblende-rich c lasts  
have been discovered. I n  each case the c las t  i s  c lear ly  m r e  mafic than 
the enclosing rock. Internal  banding i s  not  present i n  e i ther  sample. 
Although the clasts have been f la t tened i n  the plane o f  sch is tos i ty  they can 
be recognized as c lasts formed during magmatic c rys ta l l i za t ion .  Blocks of 
ea r l i e r  c rys ta l l i zed  materials f r o m  d i f f e ren t  s t ra t igraphic  un i ts  o f  
d i f ferent iated mafic intrusives have been noted i n  m j o r  complexes, including 
the Bushveld Complex (Willemse, 1969 ) and the S t i l lwa te r  Complex (Hess, 1960). 

Another feature near the contact between u n i t  2 and u n i t  3 i s  i l l u s -  
t ra ted i n  f igure 3. A strongly contorted band approximately 0.3 m wide can 
be traced across the island. The width and the re la t i ve  strat igraphic 
level o f  the band are approximately uniform. The axes o f  fo lds i n  the band 
are apparently random, and limbs are comnonly truncated against limbs o f  
other folds. The f o l d  axes do not coincide wi th  any d e f o m t i o n  features 
observed i n  the enclosing rocks. Apparently the material reoresents soft 
sediment d e f o m t i o n  o f  the crystals tha t  accumulated on the f l o o r  o f  the 
magma chamber during crystal1 izat ion.  Slum~age o f  ear ly  formed crysta ls  
on the chamber f l o o r  may have been tr iggered by convection i n  the cooling 
magma or  earthquakes during c rys ta l l i za t ion  o f  the intrusive.  
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The abundance of apparently primary clasts and slump features in the
contact zone between unit 2 and unit 3 and the apparent lack of such features
in the rest of the outcrop area suggests either a slow rate of accumulation
of crystals on the chamber floor allowing such features to appear concen-
trated over a thin stratigraphic zone, or might indicate a period of tec-
tonic instability during which blocks of crystalline material dropped to the
floor of the chamber and slumpage of unconsolidated crystals occurred.

TECTONIC FEATURES:

Polymetamorphism and polydeformation make interpretation of the geologic
evolution of Big Falls difficult. The response of the rocks to deformation
and metamorphism under varying conditions has produced a wide variety of
structural and mineralogical features. One of the important features of
the rock is that the intensity of dislocative deformation is not constant
throughout the area. Intensely deformed rocks are adjacent to rocks con-
taining primary igneous features. The deformational and metamorphic
history of the area has been reconstructed from thin section analysis
coupled with interpretation of structures observed in outcrop.

The oldest apparent metamorphic features are the coarse garnet por-
phyroblasts which occur in unit 2 and prominently in unit 1. The garnets
are believed to be oldest because they appear to have been present while
younger structures and mineral textures were developing in the rocks.
Highly elongated isoclinal folds in unit 1 may have formed at the same time.
The axial planes of such folds are typically sheared (Figure 14.) Some of
the well—developed fold structures found in unit 2, particularly on the
island, may be of the same age. Folding preceded faulting. The faults
cross the compositional banding at a low angle (probably emphasized by
later flattening) producing a pattern that resembles cross-stratification
(Figure 15). The above features appear to be the remnants of the earliest
deformation and metamorphism of the area. Deformation, although intense
and pervasive, did not destroy primary features in the rock. The main
deformational features are found in rocks with a relatively high percentage
of plagioclase. Metamorphic grade apparently was in the garnet amphibolite
facies. Faulting late in the deformational period suggests a more brittle
behavior in the rock after having behaved in a ductile manner during the
peak of metamorphism.

The second metamorphism-deformation did not develop as extensive a
suite of deformational features. The main structures appear to be associated
with flattening as indicated by compositional banding and early fault planes
wrapped around garnet porphyroblasts. Major zones of dislocation are a
minor feature of the deformation; one occurs in unit 2 where a shear zone
cuts the schist. The zone presents an excellent example of transposition
of foliation, where pre-existing compositionally banded rocks occur as
tectonic inclusions or rootless intrafolial folds in a strongly deformed
matrix. The deformational zone is approximately 2 meters wide. Locally
some open folds may have developed in units 1 and 2 and foliation developed
particularly in unit 2. The rock was metamorphosed under amphibolite
facies conditions. The metamorphism produced a coarse grained plagioclase—
hornblende assemblage and recrystallization of the fault planes of early-
formed faults. In unit 1 coarse garnet porphyroblasts apparently became

The abundance o f  apparently primary c las ts  and slump features i n  the 
contact zone between u n i t  2 and u n i t  3 and the apparemt lack o f  such features 
i n  the r e s t  o f  the outcrop area suggests e i t he r  a slow r a t e  o f  accumulation 
o f  crysta ls  on the chamber f l o o r  al lowing such features t o  appear concen- 
t ra ted  over a t h i n  s t ra t igraphic  zone, o r  might ind icate a period o f  tec- 
ton ic  i n s t a b i l i t y  during which blocks o f  c r y s t a l l i n e  mater ia l  dropped t o  the 
f l o o r  o f  the chamber and s l  umpage o f  unconsolidated crysta ls  occurred. 

TECTONIC FEATURES: 

Polymetamorphism and p o l y d e f o m t i o n  make in te rp re ta t ion  o f  the geologic 
evolut ion o f  B ig  Fa l l s  d i f f i c u l t .  The response o f  the rocks t o  deformation 
and metamorphism under varying condit ions has produced a wide var ie ty  o f  
s t ruc tu ra l  and mineralogical features. One o f  the important features o f  
the rock i s  t h a t  the i n tens i t y  o f  d is loca t i ve  deformation i s  not  constant 
throughout the area. Intensely deformed rocks are adjacent t o  rocks con- 
ta in ing  primary igneous features. The deformational and metamorphic 
h i s to ry  o f  the area has been reconstructed from t h i n  section analysis 

l e d  w i th  in te rp re ta t ion  o f  structures observed i n  outcrop. 

he oldest apparent metamorphic features are the coarse garnet por- 
phyroblasts which occur i n  u n i t  2 and prominently i n  u n i t  1. The garnets 
are bel ieved t o  be oldest because they appear t o  have been present whi le 
younger structures and mineral textures were developing i n  the rocks. 
Highly elongated i soc l i na l  fo lds i n  u n i t  1 may have formed a t  the same time. 
The ax ia l  planes o f  such fo lds  are t y p i c a l l y  sheared ( ~ i g u r e  14. ) Some of 
the well-developed f o l d  structures found i n  u n i t  2, pa r t i cu la r l y  on the 
island, may be o f  the same age. Folding preceded fau l t ing .  The f a u l t s  
cross the compositional banding a t  a low angle (probably emphasized by 
l a t e r  f la t ten ing)  producing a pattern t ha t  resembles c ross -s t ra t i f i ca t i  on 
(Figure 15). The above features appear t o  be the remnants o f  the e a r l i e s t  
deformation and metamorphism o f  the area. Deformation, although intense 
and pervasive, d i d  no t  destroy primary features i n  the rock. The main 
deformational features are found i n  rocks w i t h  a r e l a t i v e l y  high percentage 
o f  plagioclase. Metamorphic grade apparently was i n  the garnet amphibolite 
facies. Faul t ing l a t e  i n  the deformational period suggests a more b r i t t l e  
behavior i n  the rock a f t e r  having behaved i n  a duc t i l e  manner during the 
peak o f  metamorphism. 

The second metamorphism-deformation d i d  not  develop as extensive a 
su i t e  o f  deformational features. The main structures appear t o  be associated 
w i th  f l a t t en ing  as indicated by compositional bandin9 and ear ly  f a u l t  planes 
wrapped around garnet porphyroblasts. Major zones o f  d is loca t ion  are a 
minor feature o f  the deformation; one occurs i n  u n i t  2 where a shear zone 
cuts the schist. The zone presents an excel lent  .example o f  t ransposi t ion 
o f  f o l i a t i on ,  where pre-exist ing compositionally banded rocks occur as 
tectonic inclusions o r  root less i n t r a f o l i a l  fo lds i n  a s t rongly  deformed 
matrix. The deformational zone i s  approximately 2 meters wide. Local ly  
some open fo lds may have developed i n  un i ts  1 and 2 and f o l i a t i o n  developed 
p a r t i c u l a r l y  i n  u n i t  2. The rock was metamorphosed under amphibolite 
facies conditions. The metamorphism produced a coarse grained plagioclase- 
hornblende assemblage and rec rys ta l l i za t i on  o f  the f a u l t  planes o f  ear ly-  
formed fau l ts .  I n  u n i t  1 coarse garnet porphyroblasts apparently became 
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unstable in the presence of plagioclase under the new metamorphic conditions
and reaction rims of a highly aluminous hornblende developed between the
two phases. Similar alteration of garnet to hornblende also occurs in unit
2 but is not as readily observed in outcrop because of the high percentage
of amphibole in the rock.

The third deformatlonal—metamorphic sequence is associated with develop-
ment of intense zones of deformation that occur on the south bank and island
and the development of a weak schistosity oriented N 55 W. The main deform-
ation appears to have been before recrystallization since shear zones that
developed on the island and south bank are thoroughly recrystallized and
fine pervasive shear zones in unit 1 are not only recrystallized but served
as the locus for crystallization of fine—grained garnet. Although defor-
mation features are not prominent, recrystallization textures are extensive.
The main new mineral to appear was euhedral epidote. The coarse grained
plagioclase that had formed during the secondmetamorphism recrystallized
to form clusters of fine polygonal grains that preserve the outline and
twinning of the original plagioclase grains. The recrystallized plagioclase
is variable in composition ranging as much as 10 percent anorthite content
within a single relict plagioclase grain. In unit 2 the development of
prismatic hornblende and locally euhedral epidote was accompanied by
crystallization of fine—grains of ilmenite in relict coarse hornblende
crystals. Such ilmenite inclusions are highly concentrated in the old
grains but a narrow inclusion—free band surrounds each grain. Apparently
the third metamorphism occurred under epidote amphibolite facies conditions
that produced extensive recrystallization but did not completely destroy
the coarse grained textures produced during the second metamorphism.

All younger structural features in the rocks are associated with late
faults. In each case the fault planes are not recrystallized and are the
sites of alteration of the rock.

A sunuiary of deformation and metamorphism for the Big Falls outcrops
is presented in Table 1. The grouping of deformational features is different
than the interpretations presented by Cunrings (1975) in that growth of
garnet porphyroblasts and folding of the rock into tight isoclinal folds
are included in the first deformation. Also the second deformation is
interpreted more as a flattening event than an intense folding event as
previously. In any case, the interpretation of three major deformational
and metamorphic events has not changed.

Relating the deformational and metamorphic events recorded at Big
Falls to the broader framework of regional tectonic activity is not an
easy task. The third deformation is apparently younger than the Penokean
Orogeny. Cataclastic zones and recrystallization found at Big Falls are
also present at Little Falls (stop 2), one mile east, where a 1842 ±
10 m.y. (Van Schmus, 1980) tonalite intrusive has experienced the same
deformation and recrystallization. Possibly the third event coincide with
widespread low-grade metamorphism at 1650—1700 m.y. (Van Schmus, 1976,
Sims, 1976 ) reported in the Lake Superior Region. The structures
developed at that time, as seen at Big Falls, may not be prominent and
shear zones, although preserving cataclastic textures in hand sample are
thoroughly recrystallized. Structures produced at Big Falls during the
third deformation could be easily overlooked without great attention to

unstable i n  the presence o f  plagioclase under the new metamorphic conditions 
and reaction rims o f  a highly aluminous hornblende develooed between the 
~ W O  phases. Simi lar  a l te ra t ion  o f  garnet t o  hornblende also occurs i n  u n i t  
2 but i s  not  as read i l y  observed i n  outcrop because o f  the high percentage 
o f  amphibole i n  the rock. 

The t h i r d  de fomt iona l -me tmrph i c  sequence i s  associated wi th  develop- 
ment o f  intense zones o f  defonnation tha t  occur on the south bank and i s land  
and the development o f  a weak sch is tos i ty  oriented N 55 !4. The main defom- 
at ion appears t o  have been before rec rys ta l l i za t ion  since shear zones tha t  
developed on the is land and south bank are thoroughly recrysta l l ized and 
f i ne  pervasive shear zones i n  u n i t  1 are not only recrysta l l ized bu t  served 
as the locus f o r  c r ys ta l l i za t i on  o f  fine-grained garnet. Although defor- 
mation features are not prominent, recrystal  1 i za t i on  textures are extensive. 
The main new mineral t o  appear was euhedral epidote. The coarse grained 
plagioclase tha t  had formed during the second metamorphism recrysta l  1 ized 
t o  form clusters o f  f i n e  polygonal grains t ha t  preserve the ou t l ine  and 
twinning o f  the o r ig ina l  plagioclase grains. The recrystal  1 ized plagioclase 
i s  variable i n  composition ranging as much as 10 percent anor th i te  content 
wi th in  a s ingle r e l i c t  plagioclase grain. I n  u n i t  2 the development o f  
prismatic hornblende and l o c a l l y  euhedral epidote was accompanied by 
c rys ta l l i za t ion  o f  fine-grains o f  i lmeni te i n  r e l i c t  coarse hornblende 
crystals. Such i lmeni te inclusions are h igh ly  concentrated i n  the o l d  
grains but a narrow inclusion-free band surrounds each grain. Apparently 
the t h i r d  metamorphism occurred under epidote amphiboli t e  facies conditions 
tha t  produced extensive rec rys ta l l i za t ion  bu t  d id  not  completely destroy 
the coarse grained textures produced during the second metamorphism. 

A l l  younger s t ructura l  features i n  the rocks are associated w i th  l a t e  
faul ts.  I n  each case the f a u l t  planes are not  recrysta l l ized and are the 
s i tes  o f  a l te ra t ion  o f  the rock. 

A s u m r y  o f  deformation and metanmrphism f o r  the Big Fa l l s  outcrops 
i s  presented i n  Table 1. The grouping o f  deformational features i s  dif ferent 
than the interpretat ions presented by C m i n g s  (1975) i n  tha t  growth of 
garnet porphyroblasts and fo ld ing  o f  the rock i n t o  t i g h t  i soc l i na l  fo lds 
are included i n  the f i r s t  deformation. Also the second deformation i s  
interpreted more as a f la t ten ing  event than an intense fo ld ing  event as 
previously. I n  any case, the in terpretat ion 07 three major deformational 
and me tmrph i c  events has not  changed. 

Relating the deformational and me tmrph i c  events recorded a t  Big 
Fal ls  t o  the broader framework o f  regional tectonic a c t i v i t y  i s  not an 
easy task. The t h i r d  deformation i s  apparently younger than the Penokean 
Orogeny. Cataclastic zones and recr  t a l l i z a t i o n  found a t  Big Fa l l s  are 
also present a t  L i t t l e  Fa l ls  (stop 2 ? , one mi le  east, where a 1842 2 
10 m y .  (Van Schmus, 1980) t ona l i t e  in t rus ive  has experienced the same 
deformation and recrysta l l izat ion.  Possibly the t h i r d  event coincide wi th  
widespread low-grade metamrphism a t  1650-1700 m.y. (Van Schmus, 1976, 
Sins, 1976 ) reported i n  the Lake Superior Region. The structures 
developed a t  tha t  time, as seen a t  Big Falls, may not  be prominent and 
shear zones, although preserving cataclast ic textures i n  hand sample are 
thoroughly recrystal l ized. Structures produced a t  Big Fal ls  during the 
t h i r d  deformation could be eas i ly  overlooked without great a t tent ion t o  
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TABLE 1: Chronology for Big Falls County Park

Intrusion and differentiation of a mafic intrusive.
Slump structures develop on the floor of the magma chamber
and autoliths are produced by tectonic activity.

First deformation and metamorphism
Crystallization of coarse garnet porphyroblasts in units
1 and 2.
Isoclinal folding and shearing of axial planes of the
developing folds.
Faulting.

Second defdrmation and metamorphism
Flattening and development of local intensely sheared zones.
Minor open folds produced.
Crystallization of coarse grained hornblende and plagioclase.
Alteration of garnet to an aluminous hornblende because of
incompatability between plagioclase and earlier formed garnet.

Third deformation and metamorphism
Local intense cataclasis and deformation, crystallization of
NS5W schistosity.
Growth of euhedral epidote, recrystallization of the rock but
textures produced during the 2nd metamorphism are not destroyed.

Late faulting
Development of lens shaped, fault—bounded structures in unit 1
as unit 1 is faulted into place against unit 2.
Right—lateral faults
Left-lateral faults

TABLE 1: Chronology f o r  Big Fa l l s  County Park 

In t rus ion  and d i f f e ren t i a t i on  o f  a mafic in t rus ive.  
Slump structures develop on the f l o o r  o f  the magma chamber 
and a u t o l i  ths are produced by tectonic a c t i v i t y .  

F i r s t  deformation and metamrphism 
Crystal1 i z a t i o n  of coarse garnet porphyroblasts i n  un i ts  
1 and 2. 
I soc l i na l  f o l d i ng  and shearing o f  ax ia l  planes o f  the  
deve lo~ ina  folds.  

Second deformation and metamorphism 
Flat ten ing and development o f  loca l  intensely sheared zones. 
Minor open fo lds produced. 
Crys ta l l i za t ion  of coarse grained hornblende and plagioclase. 
A l te ra t ion  o f  garnet t o  an aluminous hornblende because o f  
incompatabil i ty between p l  agiocl ase and ear l  i e r  formed garnet. 

Th i rd  deformation and metamorphism 
Local intense cataclasis and deformation, c r y s t a l l i z a t i o n  o f  
N55W schis tos i ty .  
Growth o f  euhedral epidote, r ec rys ta l l i za t i on  of the rock bu t  
textures produced during the 2nd metamorphism are not destroyed. 

Late f a u l t i n g  
Development o f  lens shaped, fault-bounded structures i n  u n i t  1 
as u n i t  1 i s  fau l ted  i n t o  place against u n i t  2. 
Right- lateral  f a u l t s  
Le f t - la te ra l  f a u l t s  
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the fine details In the rock. The second deformation and metamorphism at
Big Falls coincides with regional plutonism and metamorphism associated
with the Penokean Orogeny. Intense folding does not appear to have occurred
at Big Falls at this time. Instead a pronounced flattening and the develop-
ment of local shear zones are recorded. The first deformation produced the
pervasive isoclinal folding at Big Falls and appears to represent late
Archean deformation. Thus the intrusion and differentiation of the mafic
intrusive appears to have been an earlier Archean event.

SUMMARY:

The outcrops at Big Falls are part of a differentiated mafic intrusive
that crops out along the Eau Claire River. The intrusive was emplaced during
the Archean. Differentiation produced compositional layering and possible
tectonic activity during crystallization produced slump structures and
autoliths. Three deformational and metamorphic, periods resulted in folding,
faulting and recrystallization of the rocks. The first deformation appears
to have been Archean in age and produced isoclinal fold structures in all
rock units. The second deformation occurred during the Penokean Orogeny
and is primarily associated with flattening of the area. The third defor—
mation is possibly associated with widespread regional low—grade metamorphism
in the Lake Superior Region.

the f i n e  deta i ls  i n  the rock. The second deformation and metamorphism a t  
Big Fal ls  coincides wi th  regional plutonism and metamorphism associated 
with the Penokean Orogeny. Intense folding does not  appear t o  have occurred 
a t  Big Fal ls  a t  t h i s  time. Instead a pronounced f l a t t en ing  and the develop- 
ment o f  loca l  shear zones are recorded. The f i r s t  deformation produced the 
pervasive i soc l i na l  fo ld ing  a t  B ig  Fa l l s  and appears t o  represent l a t e  

' 

Archean deformation. Thus the in t rus ion and d i f f e r e n t i  a t lon o f  the maf i c  
in t rus ive  appears t o  have been an e a r l i e r  Archean event. 

SUMMARY : 

The outcrops a t  Big Fal ls  are par t  o f  a d i f ferent ia ted mafic in t rus ive  
tha t  crops out along the Eau Cla i re  River. The in t rus ive  was emplaced during 
the Archean. D i f fe ren t ia t ion  produced compositional layer ing and possible 
tectonic a c t i v i t y  during crystal  1 i za t ion  produced slump structures and 
autol i ths.  Three deformational and metamorphic periods resul ted i n  folding, 
f au l t i ng  and rec rys ta l l i za t ion  o f  the rocks. The f i r s t  deformation appears 
t o  have been Archean i n  age and produced isoc l ina l  f o l d  structures i n  a l l  
rock units. The second deformation occurred during the Penokean Orogeny 
and i s  pr imar i ly  associated w i t h  f l a t t en ing  o f  the area. The t h i r d  defor- 
mation i s  possibly associated wi th  widespread regional low-grade metamorphism 
i n  the Lake Superior Region. 
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Figure 12 -— Anorthositic clast enclosed in amphibolite schist. Contact zone
between unit 2 and unit 3 is exposed on the island.

Figure 13 -- Possible slump structure in amphibolite schist in the contact zone
between unit 3 and unit 4 as exposed on the island.
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Figure 12 -- Anorthositic c l a s t  enclosed i n  amphibol i t e  schist.  Contact zone 
between u n i t  2 and u n i t  3 i s  exposed on the island. 

Figure 13 -- Possible slump structure 
between u n i t  3 and u n i t  4 as exposed 

i n  amphibolite schist  i n  the contact zone 
on the island. 
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Figure 14 —- Sheared fold structure from unit 1 . Black areas are hornblende—
rich bands and round object in lower right corner is a garnet porphyroblast

15 cn,

Figure 15—— Early formed fault in unit 1 . Note the similarity to cross—
stratification found in sediments. The fault plane has been wrapped around
garnet porphyroblasts shown as black roughly circular features.
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Figure 14 - Sheared fold structure from u n i t  1 . Black areas are hornblende- 
rich bands and round object in lower right corner i s  a garnet porphyroblast 

Figure 15-- Early formed f au l t  in  u n i t  1 . Note the s imilar i ty  t o  cross- 
s t ra t i f ica t ion  found in  sediments. The f au l t  plane has been wrapped around 
garnet porphyroblasts shown as black roughly c i rcular  features. 



—33—

ACKNOWLEDGEMENTS:

The present interpretation of the geology of Big Falls is the result
of years of work and discussions with many people. Discussion with P. Myers,
R. Maass, 3. Grant, D. Davidson and participants on several field trips have
influenced my thinking.

REFERENCES CITED

Cummings, M.L., 1971, Geology of Big Falls, Wisconsin: Guidebook, 3rd
Annual Wisconsin State University Geology Field Conference, p. 13—20.

Cumings, M.L., Myers, P.E., 1974, Geology of the Big Falls Area: Guide-
book, 38th Annual Tn-State Geological Field Conference.

Cummings, M.L., 1975, Petrology and structure of Precambrian gneisses at
Big Falls, Eau Claire County, Wisconsin: M.S. thesis, University of
Minnesota, Duluth.

Cummings, M.L., Myers, P,E., 1978, Petrology and geochemistry of Amphibolites,
Eau Claire River, Eau Claire County, Wisconsin: Cabs) 24th Annual
Institute on Lake Superior Geology.

Hess, H.H., 1960, Stillwater Igneous Complex: Geological Society of America,
Memoir 80, p. 225.

Sims, P.K., 1976, Precambrian Tectonic and Mineral Deposits, Lake Superior
Region: Economic Geology, V. 71, p. 1092-1118.

Van Schmus, 1976, Early and Middle Proterozoic history of the Great Lakes
Area, North America: Phil. Trans. R. Soc. Long. A. 280, p. 605-628.

Van Schmus, 1980, Geol. Soc. Amer. Spec. Paper, #180, Goldich Volume.

Willemse, 3., 1969, The geology of the Bushveld Igneous Complex, the largest
repository of magmatic ore deposits in the world: in Magmatic ore
deposits: Economic Geology Publishing Co. p. 1-22.

ACKNOWLEDGEMENTS: 

The present in te rp re ta t ion  o f  the geology o f  Big Fa l l s  i s  the r e s u l t  
o f  years of work and discussions w i th  many people. Discussion w i th  P. Myers, 
R. Maass, J. Grant, D. Davidson and par t ic ipants  on several f i e l d  t r i p s  have 
influenced my thinking. 

REFERENCES CITED 

Cumings, M.L., 1971, Geology o f  B ig  Fal ls ,  Wisconsin: Guidebook, 3rd 
Annual Wisconsin State Universi ty Geology F ie ld  Conference, p. 13-20. 

Cutmnings, M.L., Myers, P.E., 1974, Geology o f  the Big Fa l l s  Area: Guide- 
book, 38th Annual Tr i -State Geological F ie ld  Conference. , 

Cumings, M.L., 1975, Petrology and s t ructure o f  Precambrian gneisses a t  
B ig  Fal ls ,  Eau Cla i re  County, Wisconsin: M.S. thesis, Univers i ty  o f  
Minnesota, Dul uth. 

Cumings, M.L., Myers, P.E., 1978, Petrology and geochemistry o f  Amphibolites, 
Eau C la i re  River, Eau C la i re  County, Wisconsin: (abs) 24th Annual 
I n s t i t u t e  on Lake Superior Geology. 

Hess, H.H., 1960, S t i l l w a t e r  Igneous Complex: Geological Society of America, 
Memoir 80, p. 225. 

Sims, P. K., 1976, Precambrian Tectonic and Mineral Deposits, Lake Superior 
Region: Economic Geology, V. 71, p. 1092-1118. 

Van Schmus, 1976, Ear ly  and Middle Proterozoic h i s to ry  of the Great Lakes 
Area, North America: Ph i l .  Trans. R. Soc. Long. A. 280, p. 605-628. 

Van Schmus, 1980, Geol. Soc. Amer. Spec. Paper, #180, Goldich Volume. 

Willemse, J., 1969, The geology o f  the Bushveld Igneous Complex, the la rges t  
reposi tory o f  magmatic ore deposits i n  the world: i n  Magmatic ore 
deposits: Economic Geology Publishing Co. p. 1-22. 



-35-

STOP #2

TITLE: LITTLE FALLS BRECCIA

LOCATION: County Highway K at Eau Claire River; SW 1/4, NW 1/4, Sec. 19,
T27N, R8W Fall Creek 7 1/2' Quadrangle

- '7. -
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AUTHOR: Paul E. Myers

DATE: February, 1980

SUMMARY OF FEATURES:

Archean (?) basalt, vo.lcanogenic sediments, and granite, after being
deformed and recrystallized at least twice, were synkinematically intruded
by hornblende tonalite to form the Little Falls breccia about 1842 + 10 m.y.
ago (Van Schmus, in press). After intrusion of granite pegmatites, the rocks
were again: deformed by shearing, with widespread development of cataclastic
rocks and narrow, interlensing,'ENE to WNW-trending faults. Most of these
faults at Little Falls are right-lateral. Shallow intrusion of diabase about
1100 m.y. ago followed prolonged uplift and the erosion of several kilometers
of rocks. Pockets of green clay remaining in low places on the amphibolitic
terrane were buried during marine deposition of the Mt. Simon Sandstone in
Late Cambrian time. Deeply weathered till and outwash southwest of the
bridge at Little Falls may represent a pre-Wisconsin glaciation of this region.

DESCRIPTION:

The complex structures and textures in the Little Falls breccia are
mainly a manifestation of a variation in the proportions of plagioclase,
quartz, and hornblende. Biotite, epidote, and chlorite are sparse accessories.
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STOP #2 

TITLE: - LITTLE FALLS BRECCIA 

LOCATION: County Highway K a t  Eau C la i re  River; SW 114, NW 114, Sec. 19, 
T27N. R8W Fa1 1 Creek 7 1/2'  Ouadranal e 

Archean (? )  basalt ,  volcanogenic sediments, and grani te,  a f t e r  being 
deformed and rec r ys ta l l i zed  a t  l e a s t  twice, were synkinematical ly in t ruded 
by hornblende tonal i t e  t o  form the L i t t l e  Fa l l s  breccia about 1842 + 10 m.y. 
ago (Van Schmus, i n  press). A f t e r  i n t r us i on  o f  g ran i te  pegmati t e s , t h e  rocks 
were again deformed by shearing, w i t h  widespread development o f  catac l  a s t i  c 
rocks and narrow, in ter lens ing,  ' ENE t o  WNW-trending fau l t s .  Most o f  these 
f a u l t s  a t  L i t t l e  Fa1 1s are r i gh t - l a t e ra l .  Shallow i n t r us i on  o f  diabase about 
1100 m.y. ago fo l lowed prolonged up1 i f t  and the erosion o f  several ki lometers 
o f  rocks. Pockets o f  green c lay  remaining i n  low places on the amphibo l i t i c  
terrane were bur ied dur ing marine deposit ion o f  the Mt .  Simon Sandstone i n  
Late Cambrian time. Deeply weathered till and outwash southwest o f  the 
br idge a t  L i t t l e  Fa1 1 s may represent a pre-Wisconsin g l ac i a t i on  o f  t h i s  region. 

DESCRIPTION: 

The complex structures and textures i n  the L i t t l e  Fa1 1s breccia are  
mainly a manifestat ion of a va r ia t ion  i n  the proport ions o f  plagioclase, 
quartz, and hornblende. B i o t i t e ,  epidote, and c h l o r i t e  are sparse accessories. 
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Banded amphibdilte, composed of 45-70% hornblende and 20-40% plagioclase
make up about 90% of the xenol.iths in the breccia. Many of the banded
amphibolite xenoliths contain folds which were detached during tonalite
intrusion. However, most of the xenoliths are elongated parallel to their
lamination. It is noteworthy that the amphilolite xenoliths at Little Falls
do not contain garnets, although garnetiferous amphibolite is exposed 1/4 mile
downstream. Biotite is rare in the xenoliths (<5%) as it is in the enveloping
tonalite.

Ultramafic xenoliths, which are composed of over 90% greenish gray
Mg-rich hornbiende with accessory epidote-clinozoisite, and plagioclase,
make up less than 5% of the xenoliths in the breccia. Their angular shape
and occurrence in clusters indicate fragmentation and partial dispersal of
larger blocks during tonalite intrusion. This feature of fragmentation is
well-displayed at Location 7927-D (Figure1. Some of the ultramafic
xenoliths show relict gabbroic textures with primary pyroxene apparently
replaced by metamorphic hornblende. (Table 1, 7927-N-i)

A tabular xenolith (?) of fine-grained, foliated hornblende tonalite
occurs at the location just east of the bridge. (Table 5 , 7927-N-2).

A large fragment of bliated, porphyroblastic biotite granite is exposed
at Location 7927-V. The fragment was mapped in detail (Figure 4). The
granite contains 1-3 cm porphyroblasts of K—feldspar in a foliated granoblastic
matrix of microcline, quartz, and brown biotite. Sodic piagioclase is
accessory. Lenticular form of the K-feldspar porphyroblasts indicates
recrystallization before and/or during cataclasis. The gradational contact
between the fragment and enclosing breccia is marked by an inward substitution
of K—feldspar for plagioclase and biotite for hornblende and by an increase in
abundance of quartz. The gradational contact along at least the west side of
the fragment indicates that it is a xenolith and not a fault slice, although its
shape and position were probably modified by post-intrusive shearing.

The tonalite is composed of 35-40% plagioclase (An_5), about 30%
bluish green hornblende, 25-30% quartz, 5-10% biotite, Id accessory epidote,
is flow-laminated, and commonly displays an indistinct lineation produced
mainly by hornblende alignment. Large variation in plagiociase/hornblende
ratio indicates considerable contamination by amphibolite. The plagioclase
commonly displays bent albite twin lamellae, while associated, polygonal
quartz grains are unstrained. Biotite commonly produces a crude, transgressive
foliation. The biotite may have formed from hornblende during a later
deformation.

Banded amphibdiite , composed of 45-70% hornblende and 20-40% pl agi ocl ase  
make up  about 90% of the  xenoliths in the  breccia. Many of the  banded 
amphibol i t e  xenoliths contain folds  which were detached d u r i n g  tonal i t e  
intrusion. However, most of the  xenoliths a r e  elongated paral le l  t o  t h e i r  
lamination. I t  is noteworthy t h a t  the  amphilolite xenoli ths a t  L i t t l e  Fa l l s  
do not contain garnets, a1 though garnetiferous amphibol i t e  is  exposed 1/4 mile 
downstream. Bio t i t e  is r a r e  i n  the  xenoli ths (4  5%) as  i t  is  i n  the enveloping 
tonal i t e  . 

U l  tramafic xenol i ths, which a re  composed of over 90% greenish gray 
Mg-rich hornblende w i t h  accessory epidote-cl inozoisi t e ,  and plagiocl ase ,  
make up l e s s  than 5% of the  xenoli ths i n  the  breccia. Their angular shape 
and occurrence i n  c lus te r s  indicate  fragmentation and par t i a l  dispersal  of 
l a rger  blocks d u r i n g  t ona l i t e  intrusion.  This fea ture  of fragmentation i s  
we1 1 -displayed a t  Location 7927-D (Figure 1Q. Some of the  u l  tramafic 
xenol i ths show re1 i c t  gabbroic textures  w i t h  primary pyroxene apparently 
rep1 aced by metamorphic hornblende. (Tab1 e 1 , 7927-N-1) 

A tabular  xenol i t h  ( ? )  of fine-grained, fo l i a ted  hornblende tonal i t e  
occurs a t  the location just e a s t  of the  bridge. (Table 5 , 7927-N-2). 

A large  fragment of -foliated, porphyroblastic b i o t i t e  grani te  i s  exposed 
a t  Location 7927-V. The fragment was mapped i n  de ta i l  (Figure 4) .  The 
grani te  contains 1-3 cm porphyroblasts of K-feldspar i n  a fo l i a ted  granoblastic 
matrix of microcline, quartz, and brown b io t i t e .  Sodic plagioclase i s  
accessory. Lenticular form of the  K-fel dspar porphyrobl a s t s  indicates 
recrystal  1 i z a t i  on before and/or during catacl  as i  s .  The gradational contact 
between the fragment and enclosing breccia i s  marked by an inward subst i tu t ion 
of K-feldspar f o r  plagioclase and b i o t i t e  f o r  hornblende and by an increase in 
abundance of quartz. The gradational contact along a t  l e a s t  the  west s ide  of 
the fragment indicates  t h a t  i t  i s  a xenolith and not a f a u l t  s l i c e ,  although i t s  
shape and position were probably modified by post-intrusive shearing. 

The tonal i t e  i s  composed of 35-40% plagiocl ase (An ),  about 30% 
bl u i s h  green hornblende, 25-301 quartz, 5-101 b io t i t e ,  % a 5 a c c e ~ ~ ~ r y  epidote, 
i s  flow-laminated, and commonly displays an i nd i s t i nc t  1 ineation produced 
mainly by hornblende a1 ignment. Large variat ion i n  plagioclase/hornblende 
r a t i o  indicates  considerable contamination by amphibol i t e .  The plagiocl ase 
commonly displays bent a l b i t e  t w i n  lame1 lae ,  while associated, polygonal 
quartz grains a r e  unstrained. Bio t i t e  commonly produces a crude, transgressive 
fo l ia t ion .  The b i o t i t e  may have formed from hornblende during a l a t e r  
deformation. 
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EXPLANATION

Hornbrnnd. tonolits QMiS$

Gnsissic tonalit. bmcclo

Ultromofic brenda

Linuoldal ompitibolite

Porpflyroblasllc gmnit• gnslos

Bonded oinphibolits

Trace of vertical flow lamination

Shear zone ihowing dl1acament

Plunge of minor fold

Figure 16-- Geologic map of the Little Falls area showing points of interest

P E. Myers

EXPLANATION 

Figure 16-- Geologic map o f  t h e  L i t t l e  F a l l s  area showing points o f  i n t e r e s t  
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STAGES IN BRECCIA FORMATION:

A study of outcrops like that at Location 7927-C shows that intrusion of
tonalite took place under stress and may have involved anatexis in the
amphibolite with formation of a mobile phase of tonalite composition.
The following sequence is suggested:

1) Formation of veined amphibolitic gneiss by segrega-
tion (?) of feldspathic lamlnae subparallel to
original banding in the amphibolite (Location 7927—C)
with local accumulation of tonalitic clots and dike-
like masses, blocks of amphibolite became detached.

2) Partial fusion of quartz—feldspar fraction to form
a tonalitic crystal mush which intruded across
original layering to form breccia dikes (Location 7927-C,
Figured 18-A).

3) Detachment, rotation, and mixing of blocks; through-
going flowage, lenticulation, and partial assimilation
of xenoliths (Figure 18 C and D). Fluidization of
the xenoliths-rich mixture under stress resulted in
development of steeply plunging flow folds.

AGE OF THE BRECCIA

A relatively xenolith-free sample of hornblende tonalite from Location
7947 was recently dated using U—Pb methods by Van Schmus (1980) at
1842 + 10 m.y. If the porphyroblastic gneiss is truly a xenolith in the
breccTa, and episode of granite emplacement and subsequent(?) metamorphism
must have preceded this date. The granite may therefore represent a frag-
ment of Archean crust carried up from a granitic basement in the tonalite
magma. This could indicate that granitic rocks may underlie the amphibolites
at Little Falls.

PEGMATITE DIKES

Blotite-muscovite granite pegmatite with K-feldspar crystals up to
30 cm in maximum dimension cut at nearly right angles across flow lamination
in enclosing breccia. Orientation of the dikes suggests that they were
intruded during stress release and/or thermal contraction of the intrusion
breccia. Quartz veins and lenses of similar orientation and origin are
exposed at the east end of the outcrop here at Little Falls. The best
pegmatite exposure is a Location 7927-Z, where the one to three-meter dike
contains very large, bent and marginally crushed K-feldspars. Although
not visibly offset by shear zones at Little Falls, the internal deformation
in the dike' indicates it was intruded prior to major shearing in the Middle
Precambrian.

STAGES I N  BRECCIA FORMATION: 

A study o f  ou tckps  1 i ke tha t  a t  Location 79274 shows t ha t  in t rus ion  o f  
t o n a l i t e  took place under stress and may have involved anatexis i n  the 
amphibol i t e  w i th  formation o f  a mobile phase o f  t ona l i t e  composition. 
The f o l  1 owl ng sequence i s  suggested : 

1 ) Formation o f  veined amphibol i t i c  gneiss by segrega- 
t i o n  (?)  o f  feldspathic laminae subparal lel  t o  
o r ig ina l  banding i n  the amphi bo1 i t e  (Location 79274) 
w i th  loca l  accumulation of t o n a l i t i c  c l o t s  and dike- 
l i k e  masses, blocks o f  amphibol i t e  became detached. 

2) Par t ia l  fusion of quartz-feldspar f r ac t i on  t o  form 
a t o n a l i t i c  c rys ta l  mush which intruded across 
o r ig ina l  layer ing t o  form breccia dikes (Location 7927-C, 
Figure- 1'8-A). 

3) Detachment* r o ta t i ony  and mixing o f  blocks; through- 
going flowage* l en t i cu l a t i on  * and p a r t i a l  ass imi la t ion 
o f  xenol i ths (Figure 18 C and D). F lu id iza t ion  o f  
the xenol i t hs - r i ch  mixture under stress resu l ted i n  
development o f  steeply p1 unging f 1  ow fo lds  . 

AGE OF THE BRECCIA 

A r e l a t i v e l y  xenol i th- f ree sample o f  hornblende tonal i t e  f r o m  Location 
7947 was recent ly dated using U-Pb methods by Van Schmus ( 1900) . a t  
1842 + 10 m.y. I f  the porphyroblastic gneiss i s  t r u l y  a xenol i th  i n  the 
breccTa and episode o f  gran i te  emplacement and subsequent (?) metamorphism 
must have preceded t h i s  date. The gran i te  may therefore represent a frag- 
ment o f  Archean crust  ca r r ied  up from a g r a n i t i c  basement i n  the tonal i t e  
magma. This could ind icate  t ha t  g ran i t i c  rocks may under l ie the amphibolites 
a t  L i t t l e  Fal ls .  

PEGMATITE DIKES 

B i o t i  te-muscovi t e  gran i te  pegmatite w i th  K-fel dspar c rys ta l  s up t o  
30 cm i n  maximum dimension cut  a t  near ly r i g h t  angles across flow lamination 
i n  enclosing breccia. Or ientat ion o f  the d i  kes suggests. t ha t  they were 
intruded during stress release and/or thermal contract ion o f  the in t rus ion  
breccia. Quartz veins and lenses o f  s im i l a r  o r ien ta t ion  and o r i g i n  are 
exposed a t  the east end o f  the outcrop here a t  L i t t l e  Fal ls .  The best 
pegmatite exposure i s  a Location 7927-Zy where the one t o  three-meter d ike 
contains very 1 arge bent and marginal 1y crushed K-fe1 dspars . A1 though 
not v i s i b l y  o f f se t  by shear zones a t  L i t t l e  F a l l s y  the in te rna l  deformation 
i n  the dike indjcates i t  was intruded p r i o r  t o  major shearing i n  the Middle 
Precambrian. 

, 



B.

C.

Figure 18 -- Outcrop photographs showing textures and structures in the Little
Falls breccia.(A) Tonalite breccia dike cutting lamination in amphibolite at
Location 7927-C. For detail, see detailed geologic map in Figure 19.
(B) Sheared and segmented mafic xenolith cut by minor fault along which quartz
later crystallized. View east at Location 7927-W. (C) Mafic amphibolite xenoliths
in flow-laminated hornblende tonalite 20 feet northeast of Location 7927-W. Xeno-
liths with a higher feldspar content commonly show more plastic deformation and
veining. The larger xenolith appears to have been folded prior to its engulfment
in the tonalite magma. Well developed flow lamination suggests differential
movement between magma and xenoliths bedofre and after detachment. (D) Mafic and
ultramafic xenoliths show relatively little assimilation in the tonalite. Mixing
of diverse xenolith lithologies suggests considerable turbulence and vertical
flow within the tonalite magma, which probably contained a high proportion of
xenocrystic hornblende as well as xenoliths. Location 7927-X.

D.

Figure 18 -- Outcrop photographs showing textures and s t ruc tures i n  the L i t t l e  
Fa1 1s breccia. (A) Tonal i t e  breccia d ike c u t t i n g  laminat ion i n  amphibol i t e  a t  
Location 7927-C. For detai  1 , see de ta i led  geologic map i n  Figure 19. 
(B) Sheared and segmented mafic xeno l i th  cu t  by minor fa,ult along which quartz 
l a t e r  c rys ta l l i zed .  View east a t  Location 7927-W. (C)  Mafic amphibol i te xenol i ths 
i n  flow-laminated hornblende tonal  i t e  20 feet northeast o f  Location 7927-W. Xeno- 
l i t h s  w i t h  a higher fe ldspar content commonly show more p l a s t l c  deformation and 
veining. The l a r g e r  xeno l i th  appears t o  have been folded p r i o r  t o  i t s  engulfment 
i n  the tonal  i t e  magma. We1 1 developed f1 ow 1 aminati on suggests d i  f f e r e n t i  a1 
movement between magma and xenol i ths bedofre and a f t e r  detachment. (D) Mafic and 
u l  tramafic xenol i ths show r e l a t i v e l y  1 i t t l e  ass imi la t ion i n  the tonal  i te. Mixing 
o f  d i  verse xenol i t h  1 i tho1 ogi es suggests considerable tu rbu l  ence and v e r t i c a l  
f low w i t h i n  the t o n a l i t e  magma, which probably contained a high proport ion o f  
xenocryst i  c hornblende as we1 1 as xenol i ths. Location 7927-X. 
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SHEAR ZONES

Interlensing, west-northwest-trending shear zones involving modest,
right-lateral displacement and conspicuous drag folding (Locations 7927—X
and Y, Figure 2. have segmented and transposed primary flow
lamination in the intrusion breccia. Where small shear zones converge,
the breccia is converted to a zoned, laminated dike—like body with walls
of hornblende schist and a core of quartz-epidote mylonite up to 1.5
meters wide. If this small scale transposition of primary lamination is
expanded to map scale, one can readily see how primary layering may be
totally obliterated and replaced by a secondary lamination parallel to
shear dislocation in the rock. Many of the interlensing structures of
the Precambrian terrane of west-central Wisconsin may represent large-
scale tectonic transposition by shearing.

• The fault seen at Locations 7927-X and Y probably offsets pegmatites
but not the diabase dikes. Its age is therefore probably Late Middle
Precambrian (Penokean?)

A much earlier deformation produced isoclinal folds and banding in
the amphibolites before intrusion of the tonalite 1842 + 10 m.y. ago.

DIABASE DIKES

East-northeast-trending, Late Precambrian (Keweenawan?) basalt-
diabase dikes cut the breccia near locations, 7927-Z and Q. Their chilled
margins indicate shallow intrusion after considerable erosion.

THE PRECAMBRIAN-CAMBRIAN UNCONFORMITY

A surface of deep weathering and erosion with about 20 meters of
relief dips gently west—southwest beneath Late Cambrian Mt. Simon Sandstone
throughout the region. The Eau Claire River flows approximately down the
dip of this major unconformity. Chemical weathering of underlying amp-
hibolitic rocks engendered a highly impermeable green, illitic clay.
Some of this weathering may have occurred after deposition of the sand-
stone by reaction of circulating groundwater with ferromagnesian minerals
in the amphibolites. Groundwater circulating downward through the Mt.
Simon Sandstone flows laterally along theclay layer until it comes out
at the surface as a spring. Since the Precambrian-Cambrian unconformity
is generally just above or below the level ofthe Eau Claire River, the
river's major discharge is major from groundwater systems. Its discharge
varies •only slightly, even during prolonged periods of drought.

SHEAR ZONES 

In ter1  ensing, west-northwest-trendi ng shear zones i nvol v i  ng modest, 
r i gh t - la te ra l  d isp l  acement and conspicuous drag fo ld ing  (Locations 7927-X 
and Y, Figure 2- have segmented and transposed primary f low 
1 amination i n  the in t rus ion  breccia. Where small shear zones converge, 
the breccia i s  converted t o  a zoned, laminated d ike- l ike  body w i th  wal ls  
of hornblende sch is t  and a core of quartz-epidote mylonite up t o  1.5 
meters wide. If t h i s  small scale t ransposi t ion o f  primary lamination i s  
expanded t o  map scale, one can read i l y  see how primary 1 ayering may be 
t o t a l  l y  obl i t e ra ted  and rep1 aced by a secondary 1 ami nat ion para1 1 e l  t o  
shear d is locat ton i n  the rock. Many o f  the in ter lens ing structures o f  
the Precambrian terrane of west-central M i  sconsin may represent 1 arge- 
scale tectonic t ransposi t ion by shearing. 

The f a u l t  seen a t  Locations 7927-X and Y probably o f fsets  pegmatites 
but not the diabase dikes. I t s  age i s  therefore probably Late Middle 
Precanbri an ( Penokean?) 

A much e a r l i e r  deformation produced i soc l i na l  fo lds  and banding i n  
the atnphibolites before in t rus ion  of the t ona l i t e  1842 - + 10 m.y. ago. 

DIABASE DIKES 

~ast- 'northeast-trendi ng , Late Precambrian (Keweenawan?) basalt- 
diabase dikes cut  the breccia near locations, 7927-Z and Q. Their  c h i l l e d  
margins ind icate  shallow in t rus ion  a f t e r  considerable erosion. 

THE PRECAMBRIAN-CAMBRIAN UNCONFORMITY 

A surface o f  deep weathering and erosion w i th  about 20 meters o f  
re1 i e f  dips gent ly west-southwest beneath Late Cambrian Mt . Simon Sandstone 
throughout the region. The Eau Cla i re  River flows approximately down the 
d ip  o f  t h i s  major unconformi t y .  Chemical weathering of underlying amp- 
hibol  i t i c  rocks engendered a h igh ly  impermeable green, i l l i t i c  clay. 
Some o f  t h i s  weathering may have occurred a f te r  deposit ion o f  the sand- 
stone by react ion o f  c i r cu la t i ng  groundwater w i th  ferromagnesian mineral s 
i n  the amphibol i tes. Groundwater c i r c u l  a t ing  downward through the M t  . 
Simon Sandstone flows l a t e r a l l y  along the c lay  layer  u n t i l  i t  comes out 
a t  the surface as a spring. Since the Precambrian-Cambrian unconformity 
i s  generally j u s t  above o r  below the leve l  of the Eau Cla i re  River, the 
r i v e r ' s  major discharge i s  major from groundwater systems. I t s  discharge 
varies .only s l i g h t l y ,  even during prolonged periods o f  drought. 
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CHRONOLOGY FOR LITTLE FALLS AREA

1. Basaltic volcanism and sedimentation

2. Intrusion of Big Falls gabbro; differentiation with deposition of ultramafic
autolfths. Mineralogical and chemical similarity of amphibolites at Big
Falls (Unit 2) and those at Little Falls suggest their close relationship.

3. Isoclinal folding and shearing

4. Intrusion of (porphyritic?) granite (Location 7927W)

5. Catalasis and regional metamorphism, folding.

6. Intrusion of hornblende tonalite (1842 + 20 m.y. according to Van Schmus, 1980)

7. Intrusion of granite pegmatite (Location 7927Z)

8. Strike—slip faulting (WNW trend) and locallized cataclasis

9. Prolonged erosion with formation of a surface of low topographic relief and a
soil rich in green clay on the mafic amphibolites

10. Intrusion of diabase dikes (Location 7927R) (1100 m.y. ?)

11. Erosion

12. Marine deposition of Mt. Simon Sandstone - Late Cambrian

CHRONOLOGY FOR LITTLE FALLS AREA 

1. Basal t i c  volcanism and sedimentation 

In t rus ion o f  B ig  Fa l l s  gabbro; d i f fe rent ia t ion w i th  deposition o f  u l  tramafic 
auto1 i'ths. Mineralogical and chemical s i m i l a r i t y  o f  amphi bol  i tes a t  Big 
Fa l ls  (Uni t  2) and those a t  L i t t l e  Fa l l s  suggest t h e i r  close relat ionship.  

~ s o c l i n a l  fo ld ing  and shearing I 

In t rus ion o f  (porphyr i t ic?)  gran i te  (Location 7927W) 

Catalasis and regional metamorphism, fo ld ing.  

In t rus ion o f  hornblende t o n a l i t e  (1842 - + 20 m.y. according t o  Van Schmus, 1980) 

In t rus ion o f  grani te pegmatite (Location 79271) 

S t r i  ke-sl i p fau l t i ng  (WNW trend) and 1 ocal 1 i zed catacl as i  s 

9. Prolonged erosion w i th  formation o f  a surface o f  low topographic re1 i e f  and a 
s o i l  r i c h  i n  green c lay  on the mafic amphibolites 

10. In t rus ion o f  diabase dikes (Location 7927R) (1100 my .  ?)  

11. Erosion 

12. Marine deposition o f  Mt .  Simon Sandstone - Late Cambrian 
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THE SOUTH FORK AREA -- INTRODUCTION

Figure2l is a geologic strip map of the South Fork area in eastern
Eau Claire and western Clark counties (Stops 3—7). An examination of the
map should reveal one reason for difficulties in interpolating bedrock units
between exposures in this region. If the exposed contact betweeh cataclastic
feldspathic gneiss and metatuff at Stop 3 is representative of concealed
contacts in the area, it can be inferred that contacts are typically sheared
and nearly vertical and that they enclose lensoidal fault slices which have
been juxtaposed mainly by strike-slip displacement (Figure 20). Although the
metavolcanic and metasedimentary rocks of the South Fork area (SFVS) are
comonly foliated (as at Rock Dam and Mead Dam) they all show excellent
preservation of primary minerals and sedimentary textures. Garnet, chlorite,
epidote, and muscovite indicate attainment of upper greenschist fades meta-
morphism under conditions of moderate stress. SFVS rocks are interlayered
at Stop 3 with sheared mafic and feldspathic plagioclase-hornblende gneisses
of the Chippewa amphibolite complex (CAC). The contacts are nearly vertical,
northwest-trending. In contrast with the CAC rocks which were deformed and
metamorphosed at least three times, the SFVS rocks at Stop 7 display relict
upright bedding which dips at moderate angles. It is believed that the SFVS
rocks were deposited unconformably upon eroded, twice-deformed and metamor-
phosed Archaen amphibolites about 1860 m.y. ago. Andesite metatuff from the
confluence area (Stop 3, Station 7830-F), as dated by Van Schmus (1980), is
1860 + m.y. After greenschist grade metamorphism and some folding, these
rocks were imbricated by strike-slip displacement along nearly vertical,
interlensing faults. The imbrication also involves tonalitic and trondhjemitic
intrusive rocks about 1840 m.y. old but not

Present
Erosion
Surface

faults

Figure 20 - Block diagram showing hypothetical displacement mechanism which
best explains the distribution and spatial relations of SFVS and CAC rocks
in the South Fork area.

THE SOUTH FORK AREA -- INTRODUCTION 

Figure21 i s  a geologic s t r i p  map of the South Fork area i n  eastern 
Eau Claire and western Clark counties (Stops 3-7). An  examination of the 
map should reveal one reason for d i f f i cu l t i e s  in interpolating bedrock units 
between exposures in th i s  region. I f  the exposed contact between catacl a s t i c  
feldspathic gneiss and metatuff a t  Stop 3 i s  representative of concealed 
contacts i n  the area, i t  can be inferred that  contacts are  typically sheared 
and nearly vertical  and tha t  they enclose lensoidal f au l t  s l i ces  which have 
been juxtaposed mainly by stri ke-sl i p  displacement (Figure 20). A1 though the 
metavolcanic and metasedimentary rocks of the South Fork area (SFVS) a re  
commonly foliated (as  a t  Rock Dam and Mead Dam) they a l l  show excellent 
preservation of primary mineral s and sedimentary textures. Garnet, chlor i te ,  
epidote, and muscovite indicate attainment of upper greenschist facies  meta- 
morphism under conditions of moderate s t ress .  SFVS rocks a re  interlayered 
a t  Stop 3 w i t h  sheared mafic and feldspathic plagioclase-hornblende gneisses 
of the Chippewa amphibolite complex (CAC) .  The contacts a re  nearly ver t ica l ,  
northwest-trending. In contrast w i t h  the CAC rocks which were deformed and 
metamorphosed a t  l eas t  three times, the SFVS ro.cks a t  Stop 7 display re1 i c t  
upright bedding which dips a t  moderate angles. I t  i s  believed tha t  the SFVS 
rocks were deposited unconformably upon eroded, twice-deformed and metamor- 
phosed Archaen amphibolites about 1860 m.y. ago. Andesite metatuff from the 
confluence area (Stop 3, Station 7830-F), as dated by Van Schmus (1980), is 
1860 + m.y. After greenschist grade metamorphism and some folding, these 
rockswere imbricated by s t r ike-sl ip  displacement along nearly ver t ical ,  
interlensing faul ts .  The imbrication also involves tonal i t i c  and trondhjemi t i c  
intrusive rocks about 1840 m.y. old b u t  not 

Present 
Erosion 
Surface 

Figure 20 - Block diagram showing hypothetical displacement mechanism which 
best explains the distribution and spatial  relations of SFVS and CAC rocks 
in the South Fork area. 



EXPLANATION

[ Voicanics

g

Gneissic granodiorite

Foliated biotite tonolite

Foliated trondhjemite

Metasediments

Mafic omphibolites

Reid trip stop

2 milss

Figure 21 -- Geologic strip map of the North Fork and South Fork 0f the Eau Claire River in eastern Eau Claire
and western Clark counties.

,p 
Fairchild, 6 mi. 

EXKANATION - 

Gneissic granodiffite 

wj Foliated biotite tondite 

ml Foliated trondhjemite 

w Volcanics 

wl Metasedirnents 

m Mafic amphiMites 

5 A Field trip stop 
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STOPS #3 and #7

TITLE:

Stop #3, SE 1/4, SE 1/4, Sec. 16, T26N, R5W:
Stop #7, NE 1/4, Sw 1/4, Sec. 16, T26N, R5w:

Field Loc. 7830
Field Loc. 7329

AUTHOR:

DATE:

SUMMARY OF

March, 1980

FEATURES:

The lithology and contact relations of sheared metatuffs, tuffaceous
sedimentary rocks and plagioclase-hornblende gneiss are well-exposed, but
difficult to interpret at Stop 3. Tuffaceous conglomerate, sandstone, and
siltstone with well-preserved primary depositional features dip 45_600 SSW
at Stop 7.

DESCRIPTION:

Stop 3: Four nearly vertical rock units here (Figure 22) are listed
from northeast to southwest : (1) banded, mafic, hornblende-plagioclase
gneiss and Table 8 (#7830-A and B), (2) andesite tuff and quartzo-feldspathic
volcaniclastic sedimentary rocks (#7830-D,E, and F), (3) mafic hornblende
tonalite (no analyses), and (4) feldspathic tonalite gneiss. Discordant
leucotrondhjemite dikes with concordant cataclastic foliation cut all units.
Sericitization of plagioclase was followed by small scale faulting and
chlorite vein emplacement with conversion of hornblende adjacent to the veins
to chlorite and epidote. Garnets and mafic clasts in the metatuff were almost
completely chloritized at this time. Two basic questions arise here:
(1) which 0f the units is of volcanic origin, and (2) to what extent and
in what sequence were primary minerals and textures modified by metamorphism
and cataclasis in each unit?

LOCATIONS:

CONTACT BETWEEN CHIPPEWA AMPHIBOLITES AND SOUTH FORK VOLCANIC ROCKS

P. E. Myers
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STOPS #3 and #7 

TITLE: 

LOCATIONS: 

AUTHOR : 

DATE : - 

CONTACT BETWEEN CHIPPEWA AMPHIBOLITES AND SOUTH FORK VOLCANIC ROCKS 

Stop #3Â SE 1 /4Â SE 114 Sec. 16Â TZ6N, R5W: F ie l d  LOC. 7830 
Stop #7, NE 114, SW 1/4Â Sec. 16, T26N9 R5W: Fie1 d LOC. 7329 

P. E. Myers 

March, 1980 

SUMMARY OF FEATURES: 

The l i t h o l o g y  and contact r e l a t i ons  o f  sheared metatuffs, tuffaceous 
sedimentary rocks and p lag ioc l  ase-hornbl ende gneiss are we1 1 -exposed9 but  
d i f f i c u l t  t o  i n t e r p r e t  a t  Stop 3. Tuffaceous conglomerate9 sandstone, and 
s f1  tstone w i t h  we1 1 -preserved primary deposit ional features d l  p 45-60Â SSW 
a t  Stop 7. 

DESCRIPTION: 

Stop 3: Four near ly  v e r t i c a l  rock un i t s  here (Figure 22) are 1 i s t e d  
from northeast t o  southwest : (1 ) banded, mafic, hornblende-plagioclase 
gneiss and Table 8 (#7830-A and B), (2)  andesite t u f f  and quartzo-feldspathic 
vo lcan ic las t i c  sedimentary rocks (#7830-D9 E, and F) (3)  mafic hornbl ende 
tonal i t e  (no analyses), and (4)  f e l  dspathi c tonal i t e  gneiss. Discordant 
leucotrondhjemi t e  dikes w i t h  concordant ca tac las t i c  f o l  i a t i o n  cu t  a1 1 un i ts .  
S e r i c i t i z a t i o n  o f  plagioclase was fol lowed by small scale f a u l t i n g  and 
c h l o r i t e  vein emplacement w i t h  conversion o f  hornblende adjacent t o  the veins 
t o  c h l o r i t e  and epidote. Garnets and mafic c l as t s  i n  the metatuf f  were almost 
completely c h l o r i t i z e d  a t  t h i s  time. Two basic questions a r i se  here: 
(1 ) which o f  the un i t s  i s  o f  vo1 canic o r ig in ,  and (2)  t o  what extent  and 
i n  what sequence were primary minerals and textures modif ied by metamorphism 
and catac las is  i n  each u n i t ?  
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TABLE 8

MODAL AND CHEMICAL ANALYSES OF ROCKS FROM THE CONFLUENCE AREA

MÔdãl. Analyses

MIN* 7829
A

7829
B

7929
C

7830
A

7830
B

7830
D

7830
E

7830
F

7830 7830
H

7830
.1

Plag 65 78 58 29 69 61 71 78 68 53

Hb 30 63 8 11 6

Qtz 6? 4? 7 6 24 5 9 6 14 32

Chi. 28 16 1 Tr Tr 16? 13 4 3 5

Ep. 2 1 Tr 17? 6 3 1 3

Op. <1 2

* Minerals: Plagioclase, Hornblende, Quartz, Chlorite, Epidote, Muscovite
Modal analyses using 1000-point counts. Identification uncertain for very
fi ne-grai ned varieties

Chemical Analyses

Si02 56.84 59.48 48.19 57.08 57.24 70.62 61.76 61.60 57.58 63.03

.

68.42

A1203

Fe2O

CaO

19.46

6.03

1.33

20.41

4.08

0.76

20.54

10.40

0.60

15.87

8.68

6.10

14.89

9.75

5.42

15.52

2.49

2.61

17.56

7.14

3.65

17.18

6.80

4.06

17.74

5.80

6.13

14.35

6.64

6.13

14.37

3.77

494

MgO

Na20

K20

3.43

7.44

0.71

3.10

7.77

1.26

8.10

•4.68

1.51

4.51

3.66

0.72

4.55

3.16

1.36

0.97

4.45

1.43

2.03

3.29

2.02

2.25

3.38

2.11

3.47

3.96

1.89

3.31

2.69

1.18

1.74

3.02

0.99

1102 0.51 0.49 0.65 0.46 0.61 0.28 0.56 0.51 0.34 0.27 0.22

MnO 0.05 0.04 0.09 0.14 0.14 0.03 0.07 0.08 0.08 0.11 0.06

P25

LOl

0.21

2.11

0.10

1.89

0.27

4.47

0.02

1.17

0.13

1.61

0.05

0.84

0.21

1.80

0.25

1.52

0.23

1.53

0.03

1.19

0.00

0.71

TOTAL 98.11 99.39 99.50 98.41 98.85 99.30 100.1 99.74 98.73 98.94 98.22

* Includes FeO.

TABLE 8 
MODAL AND CHEMICAL ANALYSES OF ROCKS FROM THE CONFLUENCE AREA 

I I Modal Analyses I 

f ine-gra i  ned va r i e t i es  

bIg0 

Na20 

K2Â 

Ti02 

MnO 

'2'5 

LO I 

TOTAL 
* 

Chemi cal  Analyses 

* Minerals : PI agi oc l  ase, Hornblende, Quartz, Chl or1 te,  Epi dote, Muscovite 
Modal analyses using 1000-point counts. I d e n t i f i c a t i o n  uncerta in f o r  very 

7929 
C 

78 

4? 

16 

4 1 

MIN* 

Mag  

Hb 

Q tz  

Chl. 

EP 

OP 

* Includes FeO. 

7830 
I 
53 

6 

32 

5 

3 

7830 
H 

68 

11 

14 

3 

1 

7829 
A 
65 

6? 

28 

7830 
A 
58 

30 

7 

1 

2 

7829 
B 

7830 
B 

29 

63 

6 

T r  

1 

7830 
D 

69 

24 

T r  

T r  

2 

7830 17830 17830 
G '  
78 

8 

6 

4 

3 

E F 

61 

5 

16? 

17? 

' 7 1  

9 

13 

6 
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Figure 22-- Outcrop map showing geology and sample
Chemical analyses for these rocks are tabulated in

locations (Field
Tables 2 and 4.

Unit #1 consists of aligned, dark green ("1), subhedral hornblende and
lenticular plagioclase laths or its mylonitized equivalent - a crush debris
of anhedral, bent, and broken plagioclase fragments. Although the existence
of large, ovoid plagioclase grains and shadowy darker patches (best seen on
weathered surfaces) suggests a volcaniclastic protolith for this rock, thin
section study shows that at least some of the lamination is of cataclastic
origin. Thin seams of chlorite, some of them along small faults, cut all
other structures in all four rock units. Epidote and chlorite become much
more abundant in hornblende near these chlorite veinlets. The chloritization
and epidotization of these rocks was, therefore, post-kinematic. (Figure 23.)

Unit #2 is composed of about 30 to 60 percent ellipsoidal plagioclase
clasts in a foliated, fine-grained matrix of plagioclase, epidote, and
chlorite (Figure 24). Chlorite-mantled garnets make up about 0.5% of specimen
7830-E (Figure 25). Cataclastic foliation is manifested locally by interlensing
chlorite folia. The plagioclase clasts are well-rounded and thinly coated with
chlorite or very fine-grained quartz and contains zoned inclusions of brown
biotite and pyrite. Lithic fragments and/or glass shards were apparently
replaced by chlorite. This unit was U-Pb dated by Van Schmus (1980) at 1860
m.y.

Unit #3 is a hornblende—rich tonalite with conspicuous lamination but
obvious lineation. Its composition is similar to, but more mafic than,

banded, mafic hornblende—
plagioclase gnei1

fedspath1c hornblende tonaflte
gnelsS

edge of

/

C'.

No. 7830).

less
7830-A.

banded, maf ic  hornblende- 

Figure 22-- Outcrop map showing geology and sample locat ions (Fie1 d No. 7830). 
Chemical analyses f o r  these rocks are tabulated i n  Tables 2 and 4. 

Un i t  # I  consists o f  aligned, dark green (Y  ), subhedral hornblende and 
l e n t i c u l a r  p lagioclase l a ths  o r  i t s  myloni t i z e d  equivalent - a crush debris 
o f  anhedral, bent, and broken plagioclase fragments. Although the existence 
o f  large, ovoid plagioclase grains and shadowy darker patches (best seen on 
weathered surfaces) suggests a vo lcan ic las t i c  p ro to l  i t h  f o r  t h i s  rock, t h i n  
sect ion study shows t h a t  a t  l e a s t  some o f  the lamination i s  o f  ca tac las t i c  
o r i g i n .  Thin seams o f  ch lo r i t e ,  some o f  them along small fau l t s ,  cu t  a11 
other s t ruc tures i n  a l l  fou r  rock un i ts .  Epidote and c h l o r i t e  become much 
more abundant i n  hornblende near these c h l o r i t e  vein lets.  The c h l o r i t i z a t i o n  
and ep ido t i za t ion  o f  these rocks was, therefore, post-kinematic. (Figure 23. ) 

Un i t  #2 i s  composed o f  about 30 t o  60 percent e l 1  ipso ida l  p lagioclase 
c las ts  i n  a fo l i a ted ,  f ine-grained matr ix  o f  plagioclase, epidote, and 
c h l o r i t e  (Figure 24). Chlor i  te-mantled garnets make up about 0.5% o f  specimen 
7830-E (Figure 25). Cataclast ic  fo1 i a t i o n  i s  manifested l o c a l l y  by in te r lens ing  
c h l o r i t e  f o l  fa. The plagioclase c l as t s  are  we1 1 -rounded and t h i n l y  coated w i t h  
c h l o r i t e  o r  very f ine-grained quartz and contains zoned i n c l  usions o f  brown 
b i o t i t e  and py r i t e .  L i  t h i c  fragments and/or glass shards were apparently 
replaced by ch lo r i t e .  This u n i t  was U-Pb dated by Van Schmus (1980) a t  1860 
m.y. 

Un i t  #3 i s  a hornblende-rich t o n a l i t e  w i t h  conspicuous laminat ion but  
less obvious l i nea t ion .  I t s  composition i s  s i m i l a r  to, but  more mafic than, 
7830-A. 
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Unit #4 is light greenish gray feldspathic tonalite gneiss which closely
resembles the feldspathic amphibolites of the Big Falls area. However, its
cataclastic fabric and the deep green color of the hornblende give this rock
quite a different appearance in thin section. Lensoidal plagioclase porphyro-
clasts are surrounded by fine grained quartz which may have been post-kinematicálly
introduced.

All units display a pronounced cataclastic fabric characterized by bent,
broken, and lenticulated plagioclase and interlensing foliation accentuated by
accumulations of chlorite and quartz-feldspar crush debris. Late kinematic
leucotrondhjemite dikes cut the layering and cataclastic foliation but themselves
possess a weak foliation parallel to that In the enclosina rocks. The fine-
grained matrix of the metatuff allowed for concentration of cataclasis with
little abrasion and fragmentation of the insulated feldspar clasts. This may
explain the unusually good preservation of primary textures in these rocks:

A profile of minor element variation .across this outcrop is shown in
Figure 26. Rock 7830D, a rock composed of coarse, lenticulated plagioclase
clasts in a fine-grained quartz matri,ç has an anomalously low V, Cr, and Zn
content. The rock has the composition but not the texture of a trondhjemite.
The protolith of this rock is unknown. Its relatively coarse grain size
suggest an intrusive origin.

Stop 7: Three small outcrops on the south side oftheEau Claire River
about 1/2 mile east of Stop 3 expose a 100-foot sequence of well-stratified,
but poorly shorted volcanic conglomerate and siltstone (Figure 8). The
1-7 m plagioclase and blue quartz clasts are well rounded, and quite evenly
distributed in a well-stratified, fine—grained plagioclase-chiorite matrix.
These rocks show only localized effects of cataclasis, and most closely
resemble specimen 7830-F at Stop 3. On the basis of lithologic similarity,
the volcanic rocks at Stop 7 are correlated with those of Unit #2 at Stop 3.

Figure 23 -— Chlorite-epidote veinlet (upper left to
lower right) cutting epidotized plagioclase-hornblende
gneiss. Location G. Crossed polars. Width of photo =
4.2 m. Note occurrence of epidote in veinlet where
it crosses hornblende crystals.

U n i t  =4 i s  l igh t  greenish gray feldspathic tonal i te  gneiss which closely 
resembles the feldspathic amphibolites of the Big Falls area. Howevery i t s  
cataclastic fabric and the deep green color of the hornblende give th i s  rock 
quite a different appearance i n  t h i n  section. Lensoi dal plagiocl ase porphyro- 
c las t s  are surrounded by f ine grained quartz which may have been post-kinematically 
introduced. 

A1 1 units display a pronounced cataclast ic  fabric characterized by benty 
broken, and 1 enticul ated plagiocl ase and inter1 ensing fo1 iation accentuated by 
accumulations of chlor i te  and quartz-fe1 dspar crush debris. Late kinematic 
leucotrondhjemi t e  d i  kes cut the layering and cataclast ic  fol iation b u t  themsel ves 
possess a weak fol iation parallel t o  tha t  i n  the enclosina rocks. The fine- 
grained matrix of the metatuff allowed for  concentration of cataclasis  w i t h  
l i t t l e  abrasion and fragmentation of the insulated feldspar c las t s .  T h i s  may 
explain the unusually good preservation of primary textures i n  these rocks. 

A profile of minor element variation .across t h i s  outcrop i s  shown i n  
Figure 26. Rock 7830Dy a rock composed of coarse, lenticulated plagioclase 
c las t s  i n  a fine-grained quartz matrih has an anomalously low V y  Cry and Zn 
content. The rock has the composition b u t  not the texture of a trondhjemite. 
The protoli th of th i s  rock is unknown. I t s  re lat ively coarse grain s ize  
suggest an intrusive origin. 

Stop 7: Three smal 1 outcrops on the south side of the Eau Claire River 
about 112 mile eas t  of Stop 3 expose a 100-foot sequence of wel l-s t rat i f ied,  
b u t  poorly shorted vo1 canic conglomerate and si 1 tstone (Figure 8). The 
1-7 m plagioclase and blue quartz c l a s t s  are  well rounded, and quite evenly 
distributed i n  a we1 1 - s t r a t i  f iedy  fine-grained plagioclase-chlori t e  matrix. 
These rocks show only localized ef fec ts  of cataclasis,  and most closely 
resemble specimen 7830-F a t  Stop 3. On the basis of 1 ithologic s imilar i tyy 
the volcanic rocks a t  Stop 7 are  correlated w i t h  those of U n i t  #2 a t  Stop 3. 

Figure 23 -- Chlori te-epidote veinlet  (upper l e f t  t o  
lower r ight )  cutting epidotized plagioclase-hornblende 
gneiss. Location G. Crossed polars. Width of photo = 
4.2 mm. Note occurrence of epidote i n  veinlet where 
i t  crosses hornblende crystals.  
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Figure 24 -— Rounded plagioclase clasts in a foliated
matrix of fine—grained plagioclase, chlorite, and epi-
dote. Location E. Small chioritized garnet right-center
and lithic fragment (dark) on left. Photo width is 4.2
millimeters. Textural lamination (relict bedding) occurs
in other specimens from this same location.

Figure 25 -- Chioritized garnet in sheared and meta-
morphosed andesite tuff or tuffaceous sediment from
Location E. Note rounded outline of pseudomorph. Relict
garnet (g) remains in core. Ordinary illumination.
Photo width is 4.2 millimeters.

Figure 24 - Rounded plagioclase clasts i n  a foliated 
matrix of fine-grained plagioclase, chlorite, and epi- 
dote. Location E. Small chlori tized garnet right-center 
and l i thic  fragment (dark) on lef t .  Photo w i d t h  i s  4.2 
mil 1 imeters. Textural lamination (re1 i c t  bedding) occurs 
i n  other specimens from this same location. 

Figure 25 -- Chloritized garnet i n  sheared and meta- 
morphosed andesite tuff o r  tuffaceous sediment from 
Location E. Note rounded outline of pseudomorph. Relict 
garnet (g)  remains in core. Ordinary i 11 umination. 
Photo width i s  4.2 millimeters. 
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Figure 27 -- Relict bedding in andesite metatuff from
Location 7829—C (Stop #7) showing poor sorting. Plag-
ioclase clasts show considerable bending and marginal
fragmentation. Crossed polars. Photo width is 4.2 m.

The protolith for the hornblende-bearing gneisses which enclose the
volcanic rocks at Stop 3 has not been established. The hornblende-bearing
rocks at this location are intermediate between the mafic and feldspathic
amphibolites of the CAC terrane. The hornblende is a deep green ()) to
moderate yellow-green 4C). Sie the chemical analyses in Figure 26 do not
distinguish between Fe and Fe , it is impossible to speculate On the
partitioning of iron in the hornblende, chlorite and epidote. The anomalous
extinction colors of chlorite minerals comonly reflect differences in
composition: yellow-gray is commonly aluminian prochiorite; chocolate brown-
purple is comonly ferroane prochiorite; deep (Prussian) blue is pennine.
In the rocks at Stop 3, pennine is confined to hornblende alteration,
whereas aluminian prochiorite is found in the mafic-poor volcanic rocks,
although pennine also occurs in these rocks as a replacement of garnets.
Thus twochiorite minerals coexist in the volcanic rocks, apparently as a
function of the chemical composition of the host mineral.

Structural and age relationships of volcanic and amphibolitic rocks at
these locations cannot be confidently extrapolated regionally. The eastward
increase in the proportion of volcanogenic rocks, and the virtual disappearance
of amphibolitic rocks suggests a major transition, which might be a sheared
and folded angular unconformity as suggested here, or possibly a northwest-
trending fault. It should be noted that the foliation at Stop #3 bends
abruptly north-northwesterly, while elsewhere in this area, foliation trends
west-northwesterly. The relative freshness of cataclastic features might
support the cross-fault hypothesis. More detailed field work, particularly
with small-scale structures and petrofabrics will be necessary to resolve
the problem.
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DISCUSSION:

Figure 27 - R e l i c t  bedding i n  andesite metatu f f  from 
Location 78294 (Stop #7) showing poor sor t ing.  Plag- 
ioc lase c las ts  show considerable bending and margi nal 
fragmentation. Crossed polars. Photo width i s  4.2 mm. 

DISCUSSION: 

The p ro to l  i t h  f o r  the hornblende-bearing gneisses which enclose the 
volcanic rocks a t  Stop 3 has no t  been established. The hornblende-bearing 
rocks a t  t h i s  loca t ion  are intermediate between the mafic and fe ldspath ic  
amphibolites o f  the CAC terrane. The hornblende i s  a deep green ( 7 )  t o  
moderate yellow-green p). Since the chemical analyses i n  Figure 26 do no t  
d is t ingu ish  between Fe and Fe , i t  i s  impossible t o  speculate on the 
p a r t i t i o n i n g  o f  i r o n  i n  the hornblende, c h l o r i t e  and epidote. The anomalous 
ex t i nc t i on  co lors  o f  c h l o r i t e  minerals commonly r e f l e c t  d i f ferences i n  
composition: yellow-gray i s  commonly a1 uminian p roch lo r i  te; chocolate brown- 
purple i s  commonly ferroane proch lor i  te; deep (Prussian) b lue i s  pennine. 
I n  the rocks a t  Stop 3, pennine i s  confined t o  hornblende a l te ra t ion ,  
whereas a1 uminian p roch lo r i te  i s  found i n  the mafic-poor volcanic rocks, 
although pennine a lso occurs i n  these rocks as a replacement o f  garnets. 
Thus two c h l o r i t e  minerals coex is t  i n  the volcanic rocks, apparently as a 
funct ion o f  the chemical composition o f  the host mineral. 

St ruc tura l  and age re la t ionsh ips o f  volcanic and amphibol i t i c  rocks a t  
these locat ions cannot be conf ident ly  extrapolated reg iona l ly .  The eastward 
increase i n  the proport ion o f  volcanogenic rocks, and the v i r t u a l  disappearance 
of amphi bol i t i c  rocks suggests a major t rans i t i on ,  which might be a sheared 
and fo lded angular unconformity as suggested here, o r  possib ly a northwest- 
t rending fau l t .  It should be noted t h a t  the f o l i a t i o n  a t  Stop #3 bends 
abrupt ly north-northwesterly, whi le  e l  sewhere i n  t h i s  area, f o l i a t i o n  trends 
west-northwesterly. The r e l a t i v e  freshness o f  ca tac las t i c  features might 
support the cross-faul t hypothesis. More de ta i led  f i e 1  d work, p a r t i c u l a r l y  
w i  t h  smal 1 -scale structures and pet ro fabr ics  w i  11 be necessary t o  resol  ve 
the problem. 



TITLE: KNIGHT POOL META-BASALT

LOCATION: Knight Pool, Channey Road, North Fork Qf Eau Claire River, SE¼, NE¼
Sec. 10, T26N, R5W, Fairchild 15' Quadrangle.

AUTHOR: Paul E.Myers

DATE: March, 1980

SUMMARY OF FEATURES:

Fine-grained, lineated amphibolite containing relict pillow structures(?) and
amygdules is cut discordantly by aplite veinlets which show different types and
ages of deformation. These rocks, because of evidence of several ages of deformation,
including an early phase of isoclinal folding, are tentatively assigned to the
Chippewa amphibolites and not to the younger(?) volcanics to the east.

DESCRIPTION:

Fine-grained, mafic, epidote amphibolites with relict pillow structures were
first isoclinally folded (Figure 28C), intruded by aplite veinlets (Figure 28A)
and then by a body of biotite granodiorite. Shearing in and along the contact
of the granodiorite converted the massive intrusive rock to a mylonite gneiss.
This late episode of shearing and cataclasis folded the aplite veinlets in the
mafic amphibolite (Figure 28B). A veinlet of laminated mylónite gneiss lies in the
plareof foliation of the amphibolite (Figure.28B). This gneiss consists of eye-
shaped porphyroclasts of plagioclase enveloped in mantles of biotite and siliceous
mylonite. The plagioclase is strongly sericitized. Quartz-epidote-filled gash
fractures developed perpendicular to foliation during stress release.

The lineated mafic amphibolite here displays a pronounced sheeting and biotite
foliation accentuated by plagioclase laminations which form the limbs of high-
amplitude isoclinal folds. Hornblende lineation and small fold axes plunge
east at 50-75° near the bridge and 80° northeast at location 7941 (Figure 29.)
The lineations are offset by east-west vertical faults, north sides down.
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STOP #4STOP #4 

TITLE: KNIGHT POOL META-BASALT 

LOCATION: Knight Pool, Channey Road, North Fork o f  Eau C la i re  River, SE%, NE% 
Sec. 10, T26N, R5W, Fa i r ch i l d  15' Quadrangle. 

AUTHOR: Paul E. Myers 

DATE : - March, 1980 

SUMMARY OF FEATURES: 

Fine-grained, 1 ineated amphi bo l  i t e  contain ing re1 i c t  p i  11 ow s t ruc tures (?)  and 
amygdules i s  cut  d iscordant ly by a p l i t e  ve in le ts  which show d i f f e r e n t  types and 
ages o f  deformation. These rocks, because o f  evidence o f  several ages o f  deformation, 
inc lud ing  an ea r l y  phase o f  i s o c l i n a l  f o l d i n  , are t e n t a t i v e l y  assigned t o  the 
Chippewa amphibol i t e s  and no t  t o  the younger ? ?)  volcanics t o  the east. 

DESCRIPTION: 

Fine-grained, mafic, epidote amphibol i t e s  w i t h  r e l i c t  p i 1  low structures were 
f i r s t  i s o c l  i n a l  l y  fo lded (Figure 28C), int ruded by apl i t e  ve in le ts  (Figure 28A) 
and then by a body o f  b i o t i t e  granodior i te.  Shearing i n  and along the contact 
o f  the granodior i te  converted the massive i n t r u s i v e  rock t o  a myloni te gneiss. 
This l a t e  episode o f  shearing and cataclasis folded the a p l i t e  ve in le ts  i n  the 
mafic amphibol i te (Figure 28B). A ve i n l e t  of laminated myloni te gneiss l i e s  i n  the 
planeof f o l i a t i o n  o f  the amphibol i te (Figure28B).  This gneiss consists o f  eye- 
shaped porphyrocl asts o f  p l  agiocl  ase enveloped i n  mantles o f  b i o t i t e  and s i  1 iceous 
myloni te.  The plagioclase i s  s t rong ly  se r i c i t i zed .  Quartz-epidote- f i  1 l e d  gash 
f rac tures developed perpendicular t o  f o l i a t i o n  dur ing stress release. 

The l i nea ted  mafic amphibol i te here displays a pronounced sheeting and b i o t i t e  
f o l  i a t i o n  accentuated by plagioclase laminations which form the 1 imbs o f  high- 
amp1 i tude i s o c l  i nal f o l  ds. Hornblende 1 i n e a t i  on and small f o l d  axes p l  unge 
east a t  50-750 near the br idge and 80' northeast a t  l oca t ion  7941 (Figure 29. ) 
The l i nea t ions  are o f f s e t  by east-west ve r t i ca l  fau l t s ,  nor th  sides down. 
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Figure 28-- Near-vertical face of an outcrop of
fine—grained amphibolite (dark) cut by veinlets of
aplite veinlets, one of which shows a cataclastic
foliation parallel to its walls (A). The aplite
veinlets cut older isoclinal folds shown at C. A cata-
clastic veinlet at B closely resentles •the grano-
diorite which crops out just north of here. This
outcrop is at location 7941 (Figure 29)

Figure 28 - Near-vert ical face o f  an outcrop o f  
f ine-gra i  ned amphi bo l  i t e  (dark) cut  by vei  n l  e ts  o f  
a p l i t e  vein lets,  one o f  which shows a ca tac las t i c  
f o l i a t i o n  pa ra l l e l  t o  i t s  wal ls  (A). The a p l i t e  
ve in le ts  cut  01 der i s o c l i n a l  fo lds  shown a t  C. A cata- 
c l a s t i c  ve in l e t  a t  B c lose ly  resembles the grano* 
d i o r i t e  which crops out  j u s t  nor th  o f  here. This 
outcrop i s  a t  l oca t ion  7941 (Figure 29 ) . 
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Figure 29 -- Geologic map of the Knight Pool Area. Note steep
eastward to east—northeastward plunge of small folds and lineation.
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Figure 29 -- Geologic map o f  the Knight Pool Area. Note s t e e p  
eastward t o  east-northeastward plunge o f  small f o l d s  and l i n e a t i o n .  
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STOP #5

TITLE: ROCK DAM META-RHYOLITE

LOCATION: Hay Creek 0.15 mile downstream from Rock Dam, SE 1/4, NW 1/4 Sec. 15,
T26N, R4W; Fairchild 15' Quadrangle

. 9 -'c:i;
I '
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________________
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--

AUTHOR: Paul E. Myers

DATE: February, 1980

SUMMARY OF FEATURES:

Debate continues on the significance of criteria used to distinguish
"metamorphosed" rhyolitic volcanics from "mylonitized" leucogranites. If this
stop does not solve the "rhyolite-granite problem," it may at least add more
fuel to the fire.

A foliated, muscovite-bearing felsic mylonite containing eyes of strained
quartz in a very fine-grained matrix of K-feldspar, quartz, and muscovite crops
out below Rock Dam, where it unconformably underlies conglomeratic Mt. Simon
Sandstone (Figure 31. ). Foliation in the felsic niylonite is N87°W, 85°N.
Complimentary joint sets at N18°W, 73°E and N77°E, 8°S account for the blocky
appearance of the outcrop here. The exposed angular unconformity has a local
relief of about 5 meters.

DESCRIPTION:

The mylonite is pale pink and contains conspicuous eyes of strained quartz
1.0 - 2.5 mm long. The rock clearly resembles a porphyritic rhyolite with
quartz phenocrysts or clasts. In thin section, the quartz eyes aresub-
rectangular to lenticular in outline. (Figure 30). They commonly possess crush
trails: that is, the coarse-grained cores display an outward decrease in grain
size into the fine-grained matrix. The quartz eyes commonly contain coarse,
pale green muscovite with anomalously high birefringence. Strain is indicated
by the conspicuous lamellar, wavy extinction. The matrix is composed of very
fine-grained K-feldspar (microcline), quartz, muscovite, biotite, and magnetite.
The magnetite occurs as streaks along foliation and in muscovite grains, where

TITLE: 

LOCATION : 

ROCK DAM META-RHYOLITE 

Hay Creek 0.15 mi le  downstream from Rock Dam, SE 1/4, NW 1/4 Sec. 15, 
T26N, R4W; Fa i r ch i l  d 15' Quadrangle 

AUTHOR: Paul E. Myers 

DATE : - February, 1980 

SUMMARY OF FEATURES: 

Debate continues on the s ign i f icance o f  c r i t e r i a  used t o  d is t ingu ish  
"metamorphosed" rhyol  i t i c  volcanics f r o m  "myloni t i zed"  1 eucograni tes. I f  t h i s  
stop does no t  solve the " rhyo l i te -g ran i te  problem," i t  may a t  l e a s t  add more 
fue l  t o  the f i r e .  

A f o l  ia ted,  muscovi te-bearing f e l  s i c  myloni t e  contain ing eyes o f  s t ra ined 
quartz i n  a very f ine-grained rnatri x  of K-fel dspar, quartz, and muscovite crops 
out  below Rock Dam, where i t  unconformably under l ies conglomeratic M t .  Simon 
Sandstone (Figure 31 ). Fo l i a t i on  i n  the f e l s i c  myloni te i s  N87OW, 85ON. 
Complimentary j o i n t  sets a t  N18OW, 73OE and N77OE, 8's account f o r  the blocky 
appearance o f  the outcrop here. The exposed angular unconformity has a l oca l  
re1 i e f  o f  about 5 meters. 

DESCRIPTION: 

The mylonite i s  pale pink and contains conspicuous eyes o f  s t ra ined quartz 
1.0 - 2.5 mm long. The rock c l e a r l y  resembles a po rphy r i t i c  r h y o l i t e  w i t h  
quartz phenocrysts o r  c lasts.  I n  t h i n  section, the quartz eyes are. sub- 
rectangular t o  l e n t i c u l a r  i n  ou t l i ne .  (F i gu reN) .  They commonly possess crush 
t r a i l s :  t h a t  i s ,  the coarse-grained cores d isp lay  an outward decrease i n  gra in  
s ize i n t o  the f ine-grained matr ix. The quartz eyes commonly contain coarse, 
pal e green muscovite w i t h  anomalously h igh birefr ingence. S t ra i n  i s  ind icated 
by the conspicuous lamellar, wavy ext inc t ion.  The matr ix  i s  composed o f  very 
f i  ne-grained K-fel dspar (mi c roc l  i ne )  , quartz, muscovite, b i o t i t e ,  and magnetite. 
The magnetite occurs as streaks along f o l i a t i o n  and i n  muscovite grains, where 
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it appears to have formed with muscovite at the expense of primary biotite.
Estimated mineral composition is: K-feldspar, 57%; quartz, 35%; muscovite, 3%;
magnetite, 2%; and biotite, 1%. In addition to the quartz eyes, this rock
contains occasional lenticular clusters of relatively coarse-grained muscovite,
quartz, and biotite (Figure 30).

A muscovite-rich phyllite crops out near the base of Rock Dam. The rock
is composed of K-feldspar, quartz, and muscovite (approximately 20%). The quartz
eyes and biotite are absent, factors suggesting a different protolith for this
rock. Since the abundance of K-feldspar could not be determined petrographically,
comparison with the previous rock is based mainly on hand specimen descriptions.

Cataclastic degradation of granite to mylonjte produces similar, but hope-
fully not identical, features. The chief differences are: (1) mylonitization
of quartzofeldspathic rocks typically mylonitizes the quartz first; feldspars
thus become porphyroclasts; (2) sheared granites are characterized by inter-
lensing slip planes coated with phyllosilicates such as mica or chlorite and
mylonite; (3) transitions between relatively unsheared granite and the felsic
mylonite can be seen in the field. The quartz eyes in the absence of feldspar
porphyroclasts strongly suggests a primary origin for the quartz - either as
phenocrysts or as clasts in.a tuff. No other primary volcanic textures were
observed here.

The chemical composition of this rock (7931-B) as presented in Table 1 on
page 13 shows this rock to. contain anomalously high K,0 and anomalously low
A1203. The K20 is consumed by the microcline and musovite.

Figure .30 -— Micro9raph showing lenticular cluster of
strained quartz (q), muscovite Cm), biotite (b), magnetite
(black), and epidote (e) in texturally laminated, fine-

.grained quartz and microcline. .

0

i t  appears t o  have formed w i t h  muscovite a t  the expense o f  primary b i o t i t e .  
Estimated mineral composition i s :  K-fel dspar, 57%'; quartz, 35%; muscovite, 3%; 
magnetite, 2%; and b i o t i t e ,  1%. I n  add i t ion t o  the quartz eyes, t h i s  rock 
contains occasional l e n t i c u l a r  c l  usters of re1 a t i  vely coarse-grained muscovi te,  

q u a r t z ,  and b i o t i t e  (Figure 30). 

A muscovite-rich p h y l l i t e  crops out  near the base o f  Rock Dam. The rock 
i s  composed o f  K-fel dspar, quartz, and muscovi t e  (approximately 20%). The quartz 
eyes and b i o t i t e  are absent, factors suggesting a d i f f e r e n t  p r o t o l i t h  f o r  t h i s  
rock. Since the abundance o f  K-fel dspar could no t  be determined petrographical ly ,  
comparison w i t h  the previous rock i s  based mainly on hand specimen descript ions. 

Catacl as ti c degradation of gran i te  t o  mylonj t e  produces s imi lar ,  but  hope- 
fu l  l y  no t  i den t i ca l  , features. The c h i e f  d i f ferences are: (1 ) myloni t i z a t i o n  
o f  quartzofel  dspathic rocks t y p i c a l l y  myloni t i zes  the quartz f i r s t ;  feldspars 
thus become porphyrocl asts; (2) sheared grani tes are characterized by i n t e r -  
lensing s l i p  planes coated w i th  phy l l os i l i ca tes  such as mica o r  c h l o r i t e  and 
mylonite; (3)  t rans i t i ons  between r e l a t i v e l y  unsheared gran i te  and the f e l s i c  
mylonite can be seen i n  the f i e l d .  The quartz eyes i n  the absence o f  fe ldspar 
porphyroclasts s t rong ly  suggests a primary o r i g i n  f o r  the quartz - e i t h e r  as 
phenocrysts o r  as c l as t s  i n  a t u f f .  No other primary volcanic tex tures were 
observed here. 

The chemical composition o f  t h i s  rock (7931-B) as presented i n  Table 1 on 
page 13 shows t h i s  rock t o  contain anomalously h igh 0 and anomalously low 
A1203. The K20 i s  consumed by the microcl ine and mus '2 ovi te .  

Figure 30 -- Micro raph showing l e n t i c u l a r  c l us te r  o f  
s t ra ined quartz ( q  7 , muscovite (m) , b i o t i t e  (b) , magnetite 
(black) , and epi  dote (e)  i n  t ex tu ra l  l y  1 ami nated, f i ne -  
grained quartz and m i  c roc l  ine. 
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Figure 31 -- Fol ia ted metarhyol i t e  composed o f  quartz, 
K-feldspar, muscovite, b i o t i t e ,  epidote, and magnetite. 
Steeply d ipping sch i s tos i t y  s t r i k e s  N870W here. The meta- 
r h y o l i t e  i s  unconformably over la in  by conglomeratic M t .  
Simon Sandstone. Photo by Gene LaBerge, UW - Oshkosh. 

Figure 32 -- Micrograph showing lensoid cored by i n  a fine- 
grained, laminated, f o l i a t e d  matr ix  o f  s t ra ined quartz, K-fel d- 
spar, muscovite, and near ly col  or1 ess ch lo r i t e .  
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TITLE: METASEDIMENTARY ROCKS OF THE SOUTH FORK AREA

LOCATION: Clark County Highway M; NE 1/4, Sec. 1, T26N, R4W: Stanley 15'
quadrangle, Field Location 7832

DATE: February, 1980

SUMMARY OF FEATURES:

Mica-chlorite schist and quartzite at this quarry exemplify the metasediments
of the South Fork area. Features of multiple deformation, and high-grade meta-
morphic minerals, which typify the Chippewa amphibolite terrane to the west are
absent in these rocks, a factor suggesting a greater age and/or more complex
history for the amphibolites.

DESCRIPTION:

Metasediments exposed here (Figure 33) include: (1) coarse to medium-grained,
foliated, müscovite-biotite quartzite with indistinct relict cross-bedding,
(2) quartz-chlorite—biotite schist showing spectacular kink—banding, and
(3) lenticulated quartz-muscovite schist with subordinate biotite and chlorite.

On the basis of a strong geophysical anomaly, North Central Mineral Ventures
(1973) drilled two cores at a site 3.7 miles west of here. These cores were later
studied petrographically and geochemically by M.A. Piotruszewicz (1978) as part.
of a Masters thesis at the University of Wisconsin-Milwaukee. The first hole
penetrated fine—grained graphitic schists; the second hole from the base of the
Mt. Simon Sandstone at 180 feet, to a depth of 1075 feet cut through quartz-
muscovite-chlorite-garnet schist with accessory biotite, actinolitic hornblende,
pyrite, and calcite.

Small outcrops of fine—grained quartz-muscovite schist along South Fork 2 miles
west of here and at Mead Dam 2 miles to the northeast suggest widespread distri-
bution of the metasediments in this area.

TITLE: METASEDIMENTARY ROCKS OF THE SOUTH FORK 

LOCATION: C1 ark County Highway M; NE l / 4 ,  Sec. 1, 
quadrangl e , F i  e l  d Location 7832 

AUTHOR: Paul E. Myers 

DATE : - February, 1980 

AREA 

T26N, R4W: Stanley 15' 

SUMMARY OF FEATURES : 

Mica-chlor i te sch is t  and quar tz i te  a t  t h i s  quarry exemplify the metasediments 
o f  the South Fork area. Features o f  mu l t i p l e  deformation, and high-grade meta- 
morphic minerals, which t y p i f y  the Chippewa amphibolite terrane t o  the west are 
absent i n  these rocks, a fac to r  suggesting a greater age and/or more complex 
h i  s to ry  f o r  the amphi bol  i tes . 
DESCRIPTION : 

Metasediments exposed here (Figure 33) i n c l  ude: (1 ) coarse t o  medium-grained, 
f o l  iated, muscovite-biot i  t e  quar tz i te  w i t h  i n d i s t i n c t  re1 i c t  cross-bedding, 
(2) quar tz-ch lor i te-b io t i  t e  sch is t  showing spectacular kink-banding , and 
(3) l e n t i c u l  ated quartz-muscovi t e  sch is t  w i th  subordinate b i o t i t e  and ch lo r i t e .  

On the basis o f  a strong geophysical anomaly, North Central Mineral Ventures 
(1973) d r i l l e d  two cores a t  a s i t e  3.7 mi les west o f  here. These cores were l a t e r  
studied petrographical ly  and geochemical l y  by M.A. Piotruszewicz (1978) as pa r t  . 
of a Masters thes is  a t  the Univers i ty  o f  Wisconsin-Milwaukee. The f i r s t  hole 
penetrated f ine-grained g raph i t i c  schists; the second hole from the base of the 
M t .  Simon Sandstone a t  180 feet ,  t o  a depth o f  1075 fee t  cu t  through quartz- 
muscovite-chlorite-garnet sch is t  w i t h  accessory b i o t i t e ,  ac t ino l  i t i c  hornblende, 
py r i te ,  and ca lc i te .  

Small outcrops o f  f ine-grained quartz-muscovi t e  sch is t  along South Fork 2 miles 
west o f  here and a t  Mead Dam 2 mi les t o  the northeast suggest widespread d i s t r i -  
but ion o f  the metasediments i n  t h i s  area. 
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The quartzite is composed of quartz (84%), muscovite (12%), biotite (2%)
and accessory plagioclase, pyrite, and chlorite. The quartz is equigranular
and forms polygranular pods enclosed in muscovite. The pods may be relict
detriral grains. The rock lacks banding and is quite homogeneous. Sparse
shreds of fine-grained brown biotite are Interspersed with the muscovite.

The kink-banded quartz—chlorite-biotite is a spectacular rock when seen
in thin section. (Figure 35) Brown biotite flakes have been kink-folded,
locally rotated with cleavage perpendicular to foliation, and partially replaced
by the chlorite. Kink folds have an amplitude of approximately 1.0 m. The
composition of this rock is: chlorite (57%), quartz (38%), opaque (3%), and
biotite (1%). The chlorite has unusually high relief, is pale green, non-
pleochroic, and shows anomalous yellow—gray extinction colors. Quartz grains
are interleaved with the folded chlorite.

The lenticulated, fine-grained quartz—muscovite schist has essentially
the same mineralogy as the quartz, but with higher ratio of muscovite to quartz.

A chemical analysis of the micaceous quartzite was obtained from a specimen
taken at Location A. (See Table 4; 7832)

Figure33-- Geologic map of county quarry, Eau Claire River at Highway M.

REFERENCE: Piotruszewicz, M.A., An analysis of a drill core from western
Clark County, Wisconsin. Unpub. M.S. thesis, University of
Wisconsin, Milwaukee, 1978.

The quar tz i te  i s  composed of quartz (84%), muscovite (1 2%), b i o t i t e  (2%) 
and accessory plagioclase, py r i te ,  and ch lo r i t e .  The quartz i s  equigranular 
and forms polygranular pods enclosed i n  muscovite. The pods may be r e l i c t  
d e t r i r a l  grains. The rock lacks banding and i s  q u i t e  homogeneous. Sparse 
shreds o f  f ine-grained brown b i o t i t e  are interspersed w i t h  the muscovite. 

The kink-banded quar tz -ch lo r i te -b io t i te  i s  a spectacular rock when seen 
i n  t h i n  section. (Figure 35) Brown b i o t i t e  f lakes have been kink-folded, 
loca l  l y  ro ta ted w i th  cleavage perpendicular t o  f o l  i a t i on ,  and p a r t i a l  l y  rep1 aced 
by the ch lo r i te .  Kink f o l ds  have an amplitude o f  approximately 1.0 mm. The 
composition of t h i s  rock i s :  c h l o r i t e  (57%), quartz (38%), opaque (3%), and 
b i o t i t e  (1%). The c h l o r i t e  has unusually high re1 i e f ,  i s  pale green, non- 
p l  eochroic, and shows anomalous ye1 low-gray ex t i nc t i on  colors. Quartz grains 
are in ter leaved w i t h  the fo lded ch lo r i t e .  

The lent icu ia ted,  f ine-grained quartz-muscovite sch i s t  has essen t ia l l y  
the same mineralogy as the quartz, but  w i t h  higher r a t i o  o f  muscovite t o  quartz. 

A chemical analysis o f  the micaceous qua r t z i t e  was obtained from a specimen 
taken a t  Location A. (See Table 4; 7832) 

Figure 33 -- Geologic map o f  county quarry, Eau C la i re  River a t  Highway M. 

REFERENCE: Piotruszewicz, M.A., An analysis of a d r i l l  core from western 
Clark County, Wisconsin. Unpub. M. S. thesis, Univers i ty  o f  
Wisconsin, Milwaukee. 1978. 
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Figure 34 —— Kink folds in quartz-chlorite—biotite schist
from quarry floor, Location C. Photo by Gene LaBerge.

Figure 35 -- Photomicrograph showing kink folds in
chlorite-quartz-biotite schist, Location B. Biptite,
now partly altered to chlorite, has been folded also.

Figure 34 - Kink folds i n  quar tz -ch lor i te -b iot i  t e  sch is t  
from quarry f l o o r ,  Location C. Photo by Gene LaBerge. 

Figure 35 -- Photomicrograph showing kink folds i n  
c h l o r i  te-quartz-biot i  t e  sch is t ,  Location B. B i o t i t e ,  
now p a r t l y  a1 te red  t o  c h l o r i t e ,  has been folded also.  
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STOP #8 -

TITLE: CATACLASTIC VEINLETS IN HORNBLENDE-BIOTITE METADIORITE

LOCATION: Yellow River 2 miles E of Cadott; NW 1/4, SE 1/4, Sec. 33, T29N,
Cadott 15' quadrangle

This enigmatic contact between faintly foliated hornblende-biotite diorite
and strongly deformed, foliated metadacite(?) (Figure 36)exemplifies the many
problems of working out sequence in rocks affected by recurrent cataclasis,
intrusion, folding, and metamorphism. Field and petrographic evidence here,
and at most places throughout this region, stron.gly support the hypothesis that
cataclastic veinlets and dikes are synkinematically intruded into more brittle
rocks at sub-anatectic temperatures. The basic question here is, "Under what
conditions, and at what time were the cataclastic biotite tonalite veinlets
(7904-B) emplaced?"

DESCRIPTION:

A chronology field station, based on field relations and features seen in
three, thin sections (Myers 7904-A-C) is proposed below. Three pre-cataclastic
protoliths exist: (1) Hornblende-biotite dacite or tonalite, (2) pegmatite,
and (3) hornblende—biotite metadiorite.

The foliated metadacite(?) or metatonalite(?) is composed of approxi-
mately 50% plagioclase (An42), 10% fragmented and altered hornblende, 25%
fine-grained, polygonized, strained quartz, and 5% biotite. Plagioclase,
hornblende, and biotite are partially altered to epidote, prochlorite, calcite,
and magnetite(?). The rnetadacite or metatonalite(?) has a conspicuous cata—
clastic foliation; bent and fragmented plagioclase porphyroclasts have ovoid
outlines and fragmented hornblende crystal remnants have been dispersed along
interlensing shear surfaces. The coarse, polygonal form of the quartz and the
replacement of hornblende by biotite suggest metamorphism after cataclasis.
This rock contains several detached isoclinal fold hinges (Figure 36-E).

I
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AUTHOR: Paul E. Myers

DATE: March, 1980

SUMMARY OF FEATURES:

STOP #8 

TITLE: CATACLASTIC VEINLETS IN HORNBLENDE-BIOTITE METADIORITE 

LOCATION: Yellow River 2 miles E of Cadott; NW 114, SE 114. Sec. 33, T29NY R6W 
Cadott 15 ' quadrangle 

AUTHOR: Paul E. Myers 

DATE : - March, 1980 

SUMMARY OF FEATURES : 

This enigmatic contact between fa in t ly  fol ia ted hornblende-bioti t e  diori  t e  
and strongly deformed, fol ia ted metadaci te (?)  (Figure 36) exempl i f i e s  the many 
problems of working out sequence i n  rocks affected by recurrent cataclasis ,  
intrusion, folding, and metamorphism. Fie1 d and petrographic evidence here, 
and a t  most places throughout this region, strongly support the hypothesis tha t  
cataclast ic  veinlets and dikes are  synkinematically intruded into more b r i t t l e  
rocks a t  sub-anatectic temperatures. The basic question here i s ,  "Under what 
conditions, and a t  what time were the cataclast ic  b io t i t e  tonal i te  veinlets 
(7904-B) empl aced?" 

DESCRIPTION: 

A chronology f i e ld  s ta t ion ,  based on f i e l d  relations and features seen i n  
th ree  t h i n  sections (Myers 7904-A-C) i s  proposed be1 ow. Three pre-catacl a s t i  c 
protol i ths exis t :  (1 ) Hornblende-biotite dacite o r  tonal i t e ,  ( 2 )  pegmatite, 
and (3) hornblende-bioti t e  metadiori te .  

The fol ia ted metadaci t e (? )  o r  metatonal i te (?)  i s  composed of approxi- 
mately 50% plagioclase (An42), 10% fragmented and a1 tered hornblende, 25% 
fine-grained, polygonized, strained quartz, and 5% bio t i te .  Plagioclase, 
hornblende, and b io t i t e  are par t ia l ly  a1 tered t o  epidote, prochlorite, cal c i t e ,  
and magnetite(?) . The metadaci t e  or  metatonal i t e (? )  has a conspicuous cata- 
c l a s t i c  fol ia t ion;  bent and fragmented plagioclase porphyroclasts have ovoid 
outlines and fragmented hornblende crystal remnants have been dispersed along 
interlensing shear surfaces. The coarse, polygonal form of the quartz and the 
replacement of hornblende by b io t i t e  suggest metamorphism a f t e r  cataclasis.  
This rock contains several detached isoclinal fold hinges (Figure 36-E) . 



The pegmatite (not studied in thin section)
composition: it is leucocratic, and composed of
Feldspar cleavage planes are conspicuously bent,
been lenticulated by cataclasis.

The sheared hornblende-biotite meta—diorite is composed of reverse-zoned,
strained, marginally crushed plagioclase (An54) (39%), fragmented, subhedral
green hornblende (54%), pale yellow-brown biotite in random orientation and
distribution (3%). Epidote and prochiorite, formed by alteration of hornblende
make up approximately 3% of the rock. Accessories include coarse apatite,
sphene, and magnetite (?).

Figure 36 shows the relations of these three rocks. The following sequences
are possible: (1) Intrusion of tonalite into diorite and subsequent deformation
with most intense cataclasis and development of foliation in the metadacites;
(2) intrusion of diorite into dacite and subsequent deformation with localiza-
tion of isoclinal folding and cataclasis in the dacite, possible Injection of
felsic "cataclastic dikes" into the broken blocks of more brittle diorite. Note
that these alternatives reverse the relative ages of the diorite and the dacite.
The curvature of the cataclastic foliation near the "veins" cutting the diorite
(B) suggests that the diorite was broken and pulled apart to allow intrusion of
the more felsic rock. It is clear, however, that cataclasis affected both the
diorite and the dacite with its pegmatite dikes. ftote that the folds are
detached, rootless, a factor suggesting considerably chaotic internal displace-ment during or after folding
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is probably a granite in
pink feldspar and quartz.
and the quartz locally has

Metatonal i te
with folded

>'m//OLA/ q

_______________

Figure 36 -- Biotite tonalite flaser gneiss veinlets (B) cutting metadiorite (A)
Antiformal hinges in metadacite(?) or metadiorite(?) plunge steeply northeast.
Foliation in metadacite(?) bends into cataclastic veinlets (B). Outcrop slopes
gently toward the bottom of the profile.

The pegmatite (not  studied i n  t h i n  sect ion) i s  probably a 
composition: i t  i s  leucocrat ic ,  and composed o f  p ink feldspar 

gran i te  i n  
and quartz. 

  el dspar cleavage planes are conspicuously bent, and the quartz l o c a l l y  has 
been l en t i cu l a ted  by cataclasis. 

The sheared hornbl ende-bioti t e  meta-diori t e  i s  composed o f  reverse-zoned, 
strained, marginal l y  crushed plagioclase (Ans4) (39%), fragmented, subhedral 
green hornblende (54%), pale ye1 low-brown b i o t i t e  i n  random or ien ta t ion  and 
d i s t r i b u t i o n  (3%). Epidote and proch lor i  te, formed by a1 t e ra t i on  o f  hornblende 
make up approximately 3% o f  the rock. Accessories include coarse apat i te ,  
sphene, and magnetite (?) .  

Figure 36 shows the re la t ions  o f  these three rocks. The fo l lowing sequences 
are possible: (1  ) In t rus ion o f  tonal i t e  i n t o  d i o r i t e  and subsequent deformation 

. w i t h  most intense catac las is  and development o f  f o l i a t i o n  i n  the metadacites; 
(2)  i n t r us i on  of d i o r i  t e  i n t o  daci t e  and subsequent deformation w i t h  loca l  iza-  
t i o n  o f  i s o c l i n a l  f o l d i ng  and catac las is  i n  the dacite, possible i n j e c t i o n  o f  
f e l s i c  "catac las t ic  dikes" i n t o  the broken blocks o f  more b r i t t l e  d i o r i t e .  Note 
t ha t  these a1 ternat ives reverse the r e l a t i v e  ages o f  the d i o r i t e  and the dacite. 
The curvature of the ca tac las t i c  f o l i a t i o n  near the "veins" c u t t i n g  the d i o r i t e  
(B) suggests t ha t  the d i o r i t e  was broken and pu l led  apart  t o  a l low i n t r us i on  o f  
the more f e l s i c  rock. It i s  c lear,  however, t h a t  catac las is  a f fec ted  both the 
d i o r i t e  and the dac i te  w i t h  i t s  pegmatite dikes. Note t h a t  the fo lds  are 
detached, root less,  a f ac to r  suggesting considerably chaotic i n t e rna l  displace- 
ment during o r  a f t e r  fo ld ing.  

- . -  

Ye//<? w ̂ ?. . . . /  
Figure 36 -- B i o t i t e  tonal  i t e  f l a s e r  gneiss ve in le ts  (B) cu t t i ng  metadiori  t e  (A) 
Antiformal hinges i n  metadacite(?) o r  metadior i te(?)  plunge steeply northeast. 
Fol i a t i o n  i n  metadaci t e ( ? )  bends i n t o  ca tac las t i c  ve in le ts  (B). Outcrop slopes 
gent ly toward the bottom o f  the p r o f i l e .  
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Figure 37 -- Axial portion of hinge of detached isoclinal
fold segment, Location E. Scale is 6 inches long.

Figure 38 -- Nearly vertical cataclastic veinlets cutting
faintly foliated hornblende metadiorite near location A.
Note zoning of veinlet with concentration of coarse lenti-
cular feldspar porphyroclasts near the center; quartzo-
feldspathic layers along outside edges. Line on photo
is analogous in location to veinlet margin described in
Figure 39.

Figure 37 -- Ax ia l  po r t ion  o f  hinge o f  detached i s o c l i n a l  
f o l d  segment, Location E. Scale i s  6 inches long. 

Figure 38 -- Nearly v e r t i c a l  ca tac las t i c  ve in le ts  c u t t i n g  . 
f a i n t l y  f o l i a t e d  hornblende metad ior i te  near loca t ion  A. 
Note zoning o f  ve in l e t  w i t h  concentration o f  coarse l e n t i -  
cu l a r  fe ldspar porphyroclasts near the center; quartzo- 
fe ldspath ic  layers along outside edges. L ine on photo 
i s  analogous i n  loca t ion  t o  ve in l e t  margin described i n  
Figure 39. 



Biotite tonalite flaser aneiss
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Banded 1 eucotrondhiemi te

Figure 39 -- Cross section of zoned cataclastic veinlet (Location B). Width of section
from hornblende diorite (right) to center of veinlet (left) is 7.0 cm.

Biotite tonal i t e  f l  aser aneiss Banded 1 eucotrondhjemi t e  Hornblende d i  ori  t e  
Lenticular pl agiocl ase i n  bio- Very coarse pl agi ocl ase w i t h  shears and drag 
t i t e  fo l ia  w i t h  qiartz.  - w i t h  bent t w i n  lamellae 

surrounded by f iner  - 
grained quartz 

P l  agi ocl ase 65% 40% 45% 
Quartz 20 55 5? 
Biotite 15 5 5 
Hornblende 0 0 40 

Figure 39 -- Cross section of zoned cataclast ic  veinlet (Location B ) .  Width of section 
from hornblende d ior i te  ( r i g h t )  to  center of veinlet ( l e f t )  i s  7.0 cm. 
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STOP #9

TITLE: CADOIT INTRUSION BRECCIA AND CATACLASTIC ROCKS

LOCATION: SW¼, NE¼, Sec. 31, T29N, R6W: Cadott 15' quadrangle; Field Locatiion 7905

DATE: February, 1980

SUMMARY OF FEATURES:

Mafic amphibolites and foliated hornblende tonalite containing Isoclinally folded
quartz, aplite, and pegmatite veinlets exist as angular xenoliths in a lighter
biotite tonalite. Folds in the xenoliths and lineations in the enclosing tonalite
plunge southeast (Figure 40) The biotite tonalite contains a pervasive cataclastic
foliation which was locally buckled into chevron folds, which plunge steeply north-
west. The first cataclastic foliation is truncated by a second one (Location A in
Figure 40 ). The later cataclastic event produced discardat veinlets of leuco-
trondhjemite flaser gneiss with a strong cataclastic foliation parallel to their
walls (Figure 42 ). The second cataclastic event included significant amounts of
strike-slip displacement along west-northwest trending faults.

DESCRIPTION

The predominant rock type here is foliated tonalite composed of plagioclase
(An , 30-55%), quartz (10-40%), hornblende (0-25%) and biotite (0-15%). These
minal' are partly replaced by chlorite (of several varieties), epidote, and
sericite. Magnetite (1—5%) is is a by-product in the chioritization of hornblende.
The tonalites have been mylonitized and locally recrystallized (Location A).

At locations A-D (Figure 40) biotite tonalite with an older cataclastic folia-
tion (NlO-20°W) contains lenticular xenoliths of chlorite.and epidote-rich meta-
volcanic(?) rock. The older cataclastic foliation is axial-planar to isoclinally
folded pegmatite, aplite, and quartz layers (Location A). These rocks are cut by
a pervasive N65-75°W trending foliation and mylonitic shear zones.

AUTHOR: P. E. Myers

STOP #9 

TITLE : CADOTT INTRUSION BRECCIA AND CATACLASTIC ROCKS 

LOCATION: SWs, NEs, Sec. 31, T29N, R6W: Cadott 15' quadrangle; F ie l d  Locat i ion 7905 

AUTHOR: P. E. Myers 

DATE : - February, 1980 

SUMMARY OF FEATURES: 

Mafic amphi bol  i tes and f o l  i a ted  hornblende tonal  i t e  containing i s o c l i n a l  l y  fo lded 
quartz, apl i te, and pegmatite ve in le ts  e x i s t  as angular xenol i ths i n  a 1 i g h t e r  
b i o t i t e  tona l i te .  Folds i n  the xenol i ths and l i nea t ions  i n  the enclosing t o n a l i t e  
p l  unge southeast (Figure 40) The b i o t i t e  tonal i t e  contains a pervasive ca tac las t i c  
f o l i a t i o n  which was l o c a l l y  buckled i n t o  chevron fo lds,  which plunge steeply north- 
west. The f i r s t  ca tac las t i c  f o l i a t i o n  i s  truncated by a second one (Location A i n  
Figure 40 ). The l a t e r  ca tac las t i c  event produced discordant ve in le ts  o f  leuco- 
trondhjemi t e  f l  aser gneiss w i th  a strong catacl a s t i c  f o l ' i a t i on  para1 l e l  t o  t h e i r  
wal ls (Figure 42 ). The second ca tac las t i c  event included s i g n i f i c a n t  amounts of 
s t r i  ke-sl i p displacement a1 ong west-northwest t rending fau l t s .  

DESCRIPTION 

The predominant rock type here i s  fo l  i ated tonal i t e  composed o f  p l  agi ocl  ase 
( An 30-55%), quartz (10-40%), hornblende (0-25%) and b i o t i t e  (0-1 5%). These 
min&?$'are p a r t l y  replaced by c h l o r i t e  ( o f  several va r ie t ies ) ,  epidote, and 
se r i c i t e .  Magnetite (1-5%) i s  i s  a by-product i n  the c h l o r i t i z a t i o n  o f  hornblende. 
The tonal i tes have been myloni ti zed and 1 ocal l y  recrysta l  I i zed (Location A). 

A t  locat ions A-D (Figure 40) b i o t i t e  t o n a l i t e  w i th  an o lder  ca tac las t i c  f o l i a -  
t i o n  (N10-20OW) contains l e n t i c u l a r  xenol i ths of c h l o r i t e  a n d  epidote-r ich meta- 
vo1 cani c (? )  rock. The 01 der catacl a s t i  c fo l  i a t i  on i s  ax i  a1 -planar t o  i socl i nal l y  
folded pegmatite, apl i t e ,  and quartz layers (Location A). These rocks are cu t  by 
a pervasive N65-75 W t rending f o l i a t i o n  and my lon i t i c  shear zones. 



STRUCTURE SYMBOLS

go0
c. compositional layering

600
mica foliation

cataclastic foliation,
lenticulation

"5oplunge of lineation

Figure 40 -- Outcrop structure map of the Yellow River bridge area, Cadott

Figure 41 -- Folded isoclinal folds
in mafic amphibolite xenolith in fol-
iated biotite tonalite. Lineation on
left side of the xenolith plunges 550
southeast. Location E

Figure 42 -- Folds in banded mafic
tonalite cut by aplite veins (left and
right) and by coarser tonalite vein
with cataclastic foliation parallel to
its walls (center) Location G.
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70'

G

STRUCTURE SYMBOLS 

80Â 
compositional 1 ayer i  ng 

60" 
mica f o l i a t i o n  

70. 
\ c a t a c l a s t i c  f o l i a t i o n ,  

1 en t icu l  a t i on  

Figure 40 -- Outcrop s t r u c t u r e  map of  the Yellow River br idge a r ea ,  Cadott 

Figure 41 -- Folded i soc l ina l  folds  Figure 42 -- Folds i n  banded mafic 
in  mafic amphibolite xenol i th  in  f o l -  t o n a l i t e  c u t  by a p l i t e  veins ( l e f t  and 
i a t e d  b t o t i  t e  tonal i te. Lineation on r i g h t )  and by coarser  t o n a l i t e  vein 
l e f t  s i d e  of the  xenol i th  plunges 55O w i t h  c a t a c l a s t i c  f o l i a t i o n  para1 1 el t o  
southeast .  Location E i t s  wal ls  ( cen t e r )  Location G. 
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West ofthe Yellow River bridge, foliated biotite tonalite encloses angular
xenoliths of more mafic hornblende tonalite or amphibolite containing strongly
deformed aplité and pegmatite stringers (Figure 41 and 43 ) Xenolith orientation
here (as at Little Falls) is about NlO°W. Small folds within the xenoliths
plunge southeast at lO_600 (See Figure 40 ).

CHRONOLOGY

The following sequence is based solely on the cross-cutting relationships of
•features at this location, but they correlate well with squences worked out for
other areas.

1. (Oldest) Metamorphism of mafic protolith to coarse, tonalitic amphibolite
accompanied by segregation(?) of felsic stringers, quartz veins.

2. Shear folding with formation of isoclinal folds.

3. Intrusion of light-colored biotite tonalite ("foliated tonalite") with
formation of an intrusion breccia (Figure 41 ).

4. Cataclasis, formation of more isoclinal
have accompanied intrusion. (Figure 45).

folds (Location D). Cataclasis may

5. Local chevron folding of cataclastic foliation (Location E, Figure 44 ).

6. Intrusion of darker tonalite (Location 0) with formation of intrusion
breccia containing xenoliths of cataclastically deformed lighter tonalite.

7. Intrusion of aplite and pegmatite.

8. Formation or jntrusion(?) of cataclastic veinlets (Locations G and H, Figures
42 and 45 ). Strike-slip displacement along west-northwest-trending faults.

Figure 43 -- Intrusion breccia of banded amphibolite in bio-
foliated biotite tonalite at Location H.

West o f  the Yellow River bridge, f o l i a t e d  b i o t i t e  t o n a l i t e  encloses angular 
xenol i ths o f  more mafi c hornblende tonal  i t e  o r  amphi bol i t e  contain ing s t rong ly  
deformed a p l i t e  and pegmatite s t r ingers  (Figure 41 and 43 ) Xenoli th o r ien ta t ion  
here (as a t  L i t t l e  Fa l l s )  i s  about NIOOW. Small fo lds  w i t h i n  the xenol i ths 
plunge southeast a t  10-60Â (See Figure 40 ).  

CHRONOLOGY 

The fo l lowing sequence i s  based so le l y  on the cross-cut t ing re la t ionsh ips of 
features a t  t h i s  locat ion,  bu t  they co r re la te  wel l  w i t h  squences worked ou t  fo r  
o ther  areas. 

1. (Oldest) Metamorphism o f  mafic p ro to l  i t h  t o  coarse, tonal i t i c  amphibol i t e  
accompanied by segregation(?) o f  f e l  s i c  str ingers,  quartz veins. 

2. Shear f o l d i ng  w i t h  formation o f  i s o c l i n a l  fo lds.  

3. I n t r us i on  o f  1 ight-colored b i o t i t e  tonal  i t e  ( " f o l  i a t e d  tonal  i t e " )  w i t h  
formation o f  an i n t r us i on  breccia (Figure 41 ). 

4. Cataclasis, formation o f  more i s o c l i n a l  fo lds  (Location D). Cataclasis may 
have accompanied in t rus ion.  (Figure 45). 

5. Local chevron f o l d i ng  o f  ca tac las t i c  f o l i a t i o n  (Location E, Figure 44 ). 

6. I n t r us i on  o f  darker t o n a l i t e  (Location D) w i t h  formation o f  i n t r us i on  
breccia contain ing xenol i ths o f  catacl as t i ca l  l y  deformed 1 i g h t e r  tonal i te. 

7. In t rus ion  o f  a p l i t e  and pegmatite. 

8. Formation o r  in t rus ion(? )  o f  ca tac las t i c  ve in le ts  (Locations G and H, Figures 
42 and 45 ). S t r i ke - s l i p  displacement along west-northwest-trending f au l t s .  

Figure 43 -- In t rus ion  breccia o f  banded amphibol i te i n  b io-  
f o l i a t e d  b i o t i t e  t o n a l i t e  a t  Location H. 



Figure 44 -- Chevron-folded foliation in biotite tonalite
which contains the mafic amphibolite xenoliths at Location
E. Folds here plunge steeply north(?) Horizontal outcrop.
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Figure 45 -- Isoclinally shear
stringers in darker tonalite.
foliation here is N80°E, 750N.

folded biotite tonalite
Location D. Cataclastic
View north-northeast.

Figure 44 -- Chevron-fol ded f o l  i a t i  on i n  b i o t i t e  tonal  i t e  
which contains the  mafic amphi bol  i t e  xenol i ths a t  Locat ion 
E. Folds here plunge steeply nor th  (? )  Horizontal  outcrop. 

Figure 45 -- I s o c l i n a l l y  shear fo lded b i o t i t e  t o n a l i t e  
s t r ingers  i n darker tonal i te.  Locat ion D. Catacl a s t i c  
fo1 i a t i o n  here i s  N80OE, 75ON. View north-northeast. - 
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LOCATION:
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SUMMARY OF

DIKES AT WISSOTA DAM

NW 1/4, Sec. 3, T28N, R8W, Lake Wissota 7 1/2' Quadrangle
Field location, 7835 + 7906

December, 1977, and March, 1980

FEATURES:

A complex intrusion sequence exposed in a large outcrop (Figure 47). below
Wissota Dam 4.0 km (2.5 mi.) northeast of Chippewa Falls is: (1) protoclastic
biotite trondhjemite, (2) biotite tonalite, (3) pegmatite and quartz veins,
(4) gabbro-diabase, and (5) trondhjemite veinlets. A cataclastic zone cuts
units 1 through 3 and shows left-lateral displacement. The 40-50 meter gabbro-
diabase dike grades inward from aphanitic basalt along its walls to coarse
pyroxene gabbro in its core. Inclusions of very coarse norite and plagioclase
crystal fragments occur along the north wall of the dike. The gabbro-diabase
dike is intruded by coarse, pink trondhjemite (quartz + oligoclase) which is
offset by numerous small faults. These middle to late Precambrian rocks are
overlain here by thin outwash gravels and silts of Pleistocene age.

DESCRIPTION:

Trondhjemite and Tonalite:

The oldest rock at Wissota Dam is faintly gneissic biotite trondhjemite
composed of oligoclase (50%), quartz (35%), microcline (5%), biotite (5%),
muscovite (5%), and abnormally abundant sphene. Weak foliation srikes Nl5°W and
dips steeply east. The gneissic adamellite is cut (N2O-5O°W) by dikes (Loc. G,D)
and irregular masses (Loc. I and J) of medium-grained, darker gray biotite
tonalite (Loc. D), which locally (Loc. G) contains lenticular xenoliths of
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AUTHOR : Paul E. Myers 
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SUMMARY OF FEATURES: 

A complex intrusion sequence exposed i n  a large  outcrop (Figure 47) below 
Wissota Dam 4.0 km (2.5 m i .  ) northeast  of Chippewa Fa l l s  is: (1) p ro toc las t i c  
b i o t i t e  trondhjemite, (2)  b i o t i t e  tonal i t e ,  (3)  pegmatite and quartz veins, 
(4 )  gabbro-diabase, and (5 )  trondhjemi t e  veinle ts .  A c a t a c l a s t i c  zone cu t s  
uni ts  1 through 3 and shows l e f t - l a t e r a l  displacement. The 40-50 meter gabbro- 
diabase dike grades inward from aphanit ic basal t  along i t s  walls t o  coarse 
pyroxene gabbro i n  i t s  core. Inclusions of very coarse no r i t e  and plagioclase 
crysta l  fragments occur along the  north wall of the  dike. The gabbro-diabase 
dike is  intruded by coarse, p i n k  trondhjemite (quartz + 01 igoclase) which is  
of f se t  by numerous small f au l t s .  These middle t o  l a t e  Precambrian rocks a r e  
overlain here by t h i n  outwash gravels and s i l t s  of Pleistocene age. 

DESCRIPTION.: 

Trondh jemi t e  and Tonal i t e :  

The o lde s t  rock a t  Wissota Dam i s  f a in t l y  gneiss ic  b i o t i t e  trondhjemite 
composed of 01 i gocl ase  (SO%), quartz (35%), m i  crocl ine  (5%),  b i o t i t e  (5%),  
muscovite (5%),  and abnormally abundant sphene. Weak fo l i a t i on  s r i  kes N15OW and 
d i p s  s teeply  eas t .  The gneissic adamellite i s  cut  (N20-50Â°W by dikes (Loc. G , D )  
and i r regu la r  masses (Loc. I and J) of medium-grained, darker gray b i o t i t e  
t ona l i t e  (Loc. D ) ,  which loca l ly  (Loc. G )  contains l en t i cu l a r  xenoli ths of 
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banded amphibolite similar to that seen at Big Falls. The tonalite intrusions
show no grain size diminution along contacts, and the amphibolite xenoliths
are relatively unaltered. Some of the tonalite masses are of such irregular
shape that doubt exists as to whether they are intrusions or segregations in
the trondhjemite. Euhedral sphene, so characteristic of the trondhjemite is
absent in tonalite sections examined. The tonalite is composed of plagioclase
(An-38), biaxial quartz, biotite, and epidote. All minerals in these rocks show
internal fracturing and dislocation, although the mortar textures characteristic
of mylonitized plutonic rocks are absent.

The trondhjemite and tonalite are cut by east-northeast-trending pegmatite,
quartz and epidote veinlets. The pegmatites show crystal orientation perpen-
dicular to their walls--a factor indicating emplacement underconditions of
tension or thermal contraction. Although no isotopic dates have been obtained
from these rocks, it is probable that by correlation with similar rocks else-
where, their age is betweer 1820 and 1845 million years.

A thin, branching discordant sheet of foliated biotite trondhjemite (Loc.
here cuts and offsets the older rocks by left-lateral displacement (Figure 46)
The foliated, mylonitized trondhjemite layer is 1-3 meters wide and trends
N55°W. Drag folded foliation in the enclosing rocks indicates left-lateral
displacement. Slickensided fault surfaces elsewhere in this outcrop have
similar strike and dip and slickensides plunging 5°NW, a factor indicating
nearly horizontal, left-lateral strike-slip displacement.

.z- -

drag folds rod\S%'SZ
by sinistra displacement' —

foliated biotite trotIdhjen

Figure 46 -- Field sketch of mylonitic veinlet in
Location F

Diabase Dike:

The rocks described above were intruded at shallow depth in Late
Precambrian time ("1100 m.y. B.P.) by numerous gabbro-diabase dikes, one of
which is superbly exposed in this outcrop. The vertical dike strikes
N20—60°E and has chilled margins of aphanitic basalt. Numerous apophyses
extend along joints in the enclosing granitic rocks (Loc. A, Figure 47). A
narrow zone of plagioclase and hypersthene gabbro xenoliths occurs about one
meter inside the north wall of the dike at Location B. The labradorite (An60)
fragments are up to 20 centimeters long and are oriented with long
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foliated trondhjemi te

banded amphibol i t e  s im i l a r  t o  t ha t  seen a t  B ig  Fa l ls .  The t o n a l i t e  in t rus ions 
show no grain s ize diminution along contacts, and the amphi bol i t e  xenol i ths 
are r e l a t i v e l y  unaltered. Some o f  the tonal i t e  masses are o f  such i r r e g u l a r  
shape t ha t  doubt ex is ts  as t o  whether they are in t rus ions  o r  segregations i n  
the trondhjemite. Euhedral sphene, so cha rac te r i s t i c  o f  the trondhjemite i s  
absent i n  tonal i t e  sections examined. The tonal i t e  i s  composed o f  p l  agiocl  ase 
(An-38), b iax ia l  quartz, b i o t i t e ,  and epidote. A l l  minerals i n  these rocks show 
in te rna l  f rac tu r ing  and dis locat ion,  a1 though the mortar textures charac te r i s t i c  . 
of myloni t ized p lu ton ic  rocks are absent. 

The trondhjemi t e  and tonal i t e  are cut  by east-northeast-trending pegmatite, 
quartz and epidote vein1 ets. The pegmati tes  show c rys ta l  o r ien ta t ion  perpen- 
d i cu la r  t o  t h e i r  wal l  s--a f ac to r  i nd i ca t i ng  emplacement undercondi  t i ons  o f  
tension o r  thermal contract ion. Although no i so top i c  dates have been obtained 
from these rocks, i t  i s  probable t h a t  by co r re la t ion  w i t h  s i m i l a r  rocks else- 
where, t h e i r  age i s  between 1820 and 1845 m i l l i o n  years. 

A th in ,  branching discordant sheet o f  f o l i a t e d  b i o t i t e  trondhjemite (Loc. D)-- 
here cuts and o f f s e t s  the o lder  rocks by l e f t - l a t e r a l  displacement (Figure 46) 
The fo l ia ted,  myloni t ized trondhjemite l aye r  i s  1-3 meters wide and trends 
N55OW. Drag fo lded f o l  i a t i o n  i n  the enclosing rocks ind icates 1 e f t - l a t e r a l  
d i  spl acement. S l  i ckensi ded fau l  t surfaces e l  sewhere i n  t h i s  outcrop have 
s im i l a r  s t r i k e  and d i p  and sl ickensides plunging 5ONW, a f ac to r  i nd i ca t i ng  
near ly hor izontal ,  l e f t - l a t e r a l  s t r i ke - s l  i p  displacement. 

drag fo lds  roduce ? by s i n i s t r a  displacemen 

f o l i a t e d  b i o t i t e  

Figure 46 -- F i e l d  sketch o f  my lon i t i c  ve in l e t  i n  f o l i a t e d  trondhjemite 
Location F 

Diabase Dike: 

The rocks described above were in t ruded a t  shallow depth i n  Late 
Precambrian time (Â¥^I10 m.y. B.P. ) by numerous gabbro-diabase dikes, one o f  
which i s  superbly exposed i n  t h i s  outcrop. The ve r t i ca l  dike s t r i kes  
N20-60Â° and has c h i l l e d  margins o f  aphani t ic  basalt .  Numerous apophyses 
extend along j o i n t s  i n  the enclosing g r a n i t i c  rocks (Loc. A, Figure 47). A 
narrow zone o f  p l  agioclase and hypersthene gabbro xenol i ths occurs about one 
meter ins ide  the nor th  wal l  o f  the dike a t  Location B. The lab rador i te  (An6,,) 
fragments are up t o  20 centimeters long and are or iented w i t h  long 
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Figure 47 -- Geologic map of Wissota Dam area.Figure 47 -- Geologic map o f  Wissota Dam area.  
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directions parallel to the.dike wall. The fragments were first rounded by
corrosion (?) and later broken in transit upwards during dike intrusion.
Closely associated angular hypersthene C?) gabbro or norite xenoliths up
to 40 centimeters long consist of very coarse, dark brown to dark olive
gray hpersthene, now mostly altered to talc, iddingsite, and chlorite, which
is intimately intergrown with very coarse plagioclase laths up to 15 centi-
meters in maximum dimension. Where and how did these xenoliths crystallize?
(They closely resemble gabbros found near the base of layered intrusions like
those along the north shore of Lake Superior.) Why are the xenoliths concen-
trated only along one wall of the intrusion? How did the dike form?

The diabase dike was sampled at location B at its contact with gneissic
trondhjemite, and at distances of 6, 25, 50, and 120 cm from the contact. The
rock is composed almost entirely of plagioclase (An7_) enstatite, and
pegeonite. Opaques (mostly magnetite, pyrite, and hmtite) decrease in
abundance inward (See Table 9). Plagioclase occurs as anhedral to subhedral

TABLE 9 —- COMPOSITION OF DIKE BORDER PHASES

MINERALS Contact 6 cm 25 cm 50 cm 120 cm

Plag 68% 63% 48% 53% 52%

. 7+ 12+ 28 27 28

Biotite -- -- 3 4 6

Opaques 15 16 14 10 9

Olivine —— -— -- 1 2

Chlorite 9 8 4 3 1

Accessories 1 1 1 2 2

Contact
cm

TABLE 10-- SIZE VARIATION INWARD IN DIKE

40
Distance from

80
(cm)

d i  rect ions para1 1 e l  t o  the dike wal l  . The fragments were f i r s t  rounded by 
corrosion (? )  and l a t e r  broken i n  t r a n s i t  upwards dur ing d ike in t rus ion.  
Closely associated angular hypersthene (?)  gabbro o r  n o r i t e  xenol i ths up 
t o  40 centimeters long cons is t  o f  very coarse, dark brown t o  dark o l i v e  
gray hpersthene, now' mostly a1 tered t o  ta l c ,  idd ings i te ,  and ch lo r i t e ,  which 
i s  in t imate ly  intergrown w i t h  very coarse plagioclase l a ths  up t o  15 cen t i -  
meters i n  maximum dimension. Where and how d i d  these xenol i ths c r ys ta l  1 i ze?  
(They c lose ly  resemble gabbros found near the base o f  layered in t rus ions  l i k e  
those along the nor th  shore o f  Lake Superior. ) Why are the xenol i t h s  concen- 
t r a ted  only along one wal l  o f  the in t rus ion?  How d i d  the d ike form? 

The diabase d ike was sampled a t  l oca t ion  B a t  i t s  contact w i t h  gneissic 
trondhjemite, and a t  distances o f  6, 25, 50, and 120 cm from the contact. The 
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laths with size ranging from 0.13 m at the contact to 0.75 m at a distance of
120 m. An content in the plagioclase increases inward. Enstatite forms blocky
wedge-shaped, interstitial grains, has a 2V of 50-60°, and a size from 0.10 mm
at the contact to 0.50 mm at a distance of 120 m. (Table 10.) Finer grained
pigeonite forms pale greenish brown to pink, weakly pleochroic fibers. Biotite
increases in abundance to about 6 percent at a distance of 120 mm from the con-
tact.

Figure 48 -- Intrusive contact between chilled basalt
(center) and anorthositic gabbro inclusion at Location
C. Note late, fault-related fracturing. Photo width
is 4.2 millimeters.

At location B, the diabase dike is cut by a 3-5 centimeter vein of
coarse-grained trondhjemite (oligoclase + quartz). The rock is unusual
because of the pervasive orange-red color of the plagioclase (dispersed
iron oxides) and the degree of strain exhibited in thin section by the
quartz, which shows an unusual feathery, lamellar undulatory extinction.
The plagioclase is locally bent and crushed. Since the vein occurs in a
north—northwest fault zone which cuts the diabase dike, it is not surprising
to see strain features, but it is unusual to see it so strongly developed in
Late Precambrian rocks. Since the mineral composition of this rock is so
simple, it would not be difficult to calculate an approximate norm. The
quartz-plagioclase ratio is about 0.8. The trondhjemite dike is offset by
small faults which were subsequently filled with fibrous calcite, an indication
of considerable post-diabase activity in this area.

laths w i t h  s i ze  ranging from 0.13 mm a t  the contact t o  0.75 mm a t  a distance of 
120 mm. An content in the plagioclase increases inward. Enstati te forms blocky 
wedge-shaped, i n t e r s t i t i a l  grains, has a 2V of 50-60Â° and a s ize  from 0.10 mrn 
a t  the contact t o  0.50 mm a t  a distance of 120 mm. (Table 10.) Finer grained 
pigeoni t e  forms pale greenish brown to  p i n k ,  weakly pleochroic f ibers .  Biot i te  
increases i n  abundance to  about 6 percent a t  a distance of 120 mm from the con- 
tac t .  

Figure 48 -- Intrusive contact between chi l led basalt  
(center) and anorthosi t i c  gabbro incl usion a t  Location 
C. Note l a t e ,  faul t-related fracturing. Photo width 
i s  4.2 millimeters. 

A t  1 ocation B,  the diabase d i  ke is cut by a 3-5 centimeter vein of 
coarse-grained trondhjemi t e  (01 igoclase + quartz). The rock is unusual 
because of the pervasive orange-red color of the pl  agiocl ase (dispersed 
iron oxides) and the degree of s t ra in  exhibited i n  t h i n  section by the 
quartz, which shows an unusual feathery, lamellar undulatory extinction. 
The pl agiocl ase is locally bent and crushed. Since the vein occurs i n  a 
north-northwest f au l t  zone which cuts the diabase dike, i t  is not surprising 
to  see s t ra in  features, b u t  i t  i s  unusual t o  see i t  so strongly developed i n  
Late Precambrian rocks. Since the mineral composition of this rock is so 
simple, i t  would not be d i f f i cu l t  t o  calculate an approximate norm. The 
quartz-plagioclase ra t io  is about 0.8. The trondhjemite dike is offset  by 
small fau l t s  which were subsequently f i l l e d  w i t h  fibrous ca lc i te ,  an indication 
of considerable post-diabase ac t iv i ty  i n  this area. . 
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OOLOGY - WISSOTA DAM AREA

1 Metamorphism and formation of amphibolite (xenoliths in tonalite)

2. Synkinematic emplacement of foliated biotite trondhjemite with
development of foliation NlO—15°W.

3. Intrusion (?) of biotite tonalite roughly parallel to foliation
in the trondhjemite (Location G, D)

4. Left-lateral strike-slip faulting and development of cataclastic
veinlets N45-55°W. (Locations F, P, and 0)

5. Intrusion of pegmetite dikes associated with thermal contraction
and/or crustal tension. (Location E.)

6. Jointing, deposition of epidote, and small-scale faulting. (Locatioii E'

7. Intrusion of diabase with magmaderived from a differentiatinç
sill(?) at depth. (Locations A, B, C, H)

8. Intrusion of leucotrondhjemite dike (Location B)

9. Faulting and development of strain features in leucotrondhjenite

10. Precipitation of calcite veinlets in the fault zone.(LoCation B)

11. Erosion.

;-i?O:;OLOGY - WISSOTA DAM AREA 
, 

1 . Metamorphism and formation of amphibol i te (xenol i ths  i n  tonal i t e )  

2 .  Synkinematic emplacement of f o l i a t ed  b i o t i t e  trondhjemi t e  w i t h  
development o f  f o l  i a t i o n  N10-1   OW. 

3. In t rus ion  (?) of b i o t i t e  t o n a l i t e  roughly p a r a l l e l  t o  f o l i a t i o n  
i n  the trondhjemite (Location G, D)  

4. Lef t - la tera l  s t r i  ke-sl i p  f a u l t i n g  and development o f  ca tac las t i c  
ve in le ts  ~45 -55O~ .  (Locations F, P, and 0) 

5. In t rus ion  o f  pegmetite dikes associated w i th  thermal 
and/or c rusta l  tension. '(Location E. ) 

6. Jo in t ing,  deposit ion o f  epidote, and small-scale fau 

contract ion 

1  t inq.  (Loca t 

7. In t rus ion  o f  diabase w i th  magma derived from a d i f f e ren t i a t i no  
s i l l  ( ? )  a t  depth. (Locations A, B, C, H )  

8. In t rus ion  o f  leucotrondhjenn'te dike (Location B)  

9. Fau l t ing and development o f  s t r a i n  features i n  leucotrondhjerii t e  

10. P rec ip i ta t ion  o f  c a l c i t e  vein lets i n  the f a u l t  zone.(Location B )  

11. Erosion. 
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AMPHIBOLITES AND GRANITES OF JIM FALLS

LOCATION: E 1/2 Sec. 30, T 30 N, R 7 W, Jim Falls, Bloomer 15" Quadrangle

AUTHORS: Paul E. Myers and Douglas R. Maercklein

DATE: February, 1980

SUMMARY OF FEATURES:

Banded amphibolites, probably derived from mafic volcanicsand assoc-
iated sediments, were intruded by granites of diverse composition and their
cogenetic pegmatites at several times in Middle Precambrian time. Cataclasis,
folding and metamorphism produced a highly deformed system of tectonically
interlensing rock units showing only partial preservation of older structures.
Prevailing regional structural grain is ENE. Late Precambrian diabase dike
intrusion (1100 - 900 m.y.?) followed prolonged erosion.

DESCRIPTION:

Garnetiferous hornblende gneiss and schist with folded, high-amplitude
isoclines, (Figure 49)persistent ENE strike and steep dip are cut subcon-
cordantly by granitic rocks ranging in composition from leuco-tonalite to
granite. Pegmatite dike intrusion occurred at several stages of "granite"
intrusion. The older granitic rocks are foliated and locally mylonitized.
Shearing and boudinage of pegmatite stringers transposed them into oblique
concordance with lamination in the enclosing rocks (Figure 51). A rough
correlation can be made between relative age and concordance of veinlets.

At location A, thinly laminated amphibolite was intruded by granite so
that lenticular slices of the amphibolite were dragged en echelon away from
the wall (Figure54). The coarse granite pegmatite intruded under stress
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SUMMARY OF FEATURES: 

Banded amphibolites, probably derived from mafic volcanics and assoc- 
i a t ed  sediments, were intruded by grani tes o f  diverse composition and t h e i r  
cogeneti c pegmati tes  a t  several times i n  Middle Precambrian time. Catacl as i  s , 
fo ld i ng  and metamorphism produced a h i gh l y  deformed system o f  t ec ton i ca l l y  
in te r lens ing  rock u n i t s  showing only p a r t i a l  preservation o f  o lde r  structures.  
Prevai l  i n g  regional  s t ruc tu ra l  g ra in  i s  ENE. Late Precambrian diabase d ike 
i n t r us i on  (1100 - 900 my.?) fol lowed prolonged erosion. 

DESCRIPTION: 

Garneti ferous hornblende gneiss and sch is t  w i t h  f o l  ded , h i  gh-amp1 i tude 
isoc l ines,  (Figure 49)persistent  ENE s t r i k e  and steep d i p  are c u t  subcon- 
cordant ly by g r a n i t i c  rocks ranging i n  composition from leuco-tonal i t e  t o  
grani te.  Pegmatite d ike i n t r us i on  occurred a t  several stages o f  "grani tel l  
i n t rus ion .  The o lder  g r a n i t i c  rocks are f o l  i a t ed  and l o c a l l y  myloni t ized.  
Shearing and boudinage of pegmatite s t r ingers  transposed them i n t o  obl ique 
concordance w i t h  laminat ion i n  the enclosing rocks (Figure 51 ). A rough 
cor re la t ion  can be made between r e l a t i v e  age and concordance o f  ve in le ts .  

A t  l oca t ion  A, t h i n l y  laminated amphibolite was intruded by g ran i te  so 
t h a t  l e n t i c u l a r  s l i ces  of the amphibol i te were dragged en echelon away from 
the wal l  (Figure54). The  coarse gran i te  pegmatite intruded under stress 
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contains en echelon fractures filled with very coarse quartz. The amphibolite-
granite (trondhjemite) contact is sheared, cataclastically blended, and re-
crystallized - "granitized". Since the granite intrusion was apparently
guided by lamination in the amphibolite, the effects of cataclasis In modi-
fying the contact could be easily overlooked.

Small (F-2) folds at Location C plunge gently east-northeast. These are
folded F-i isoclinal folds, and a few hinges can be found In the outcrop. The
geometry of the isolcinal folds, not modified by F-2 foldlng.ls best displayed
at Location B. The unusual nature of the F—2 folds Is shown in Figure 50.
Since aplite and pegmatite veins were clearly involved in the F-i event,, and
since these veins also cut the granitic intrusives here, it appears that the
F-2 folding was qu.ite late. The deformational sequence is suninarized on page
83. Xenoliths of isoclinally folded amphibolite occur in the granite (Figure 52).

The aeromagnetic map (Figure 55) shows a pronounced V-shaped westward con-
vergence at Jim Falls. The low magnetic relief of the bedrock between these two
magnetic (amphibolite) ridges is probably an eastward extension of the granitic
rocks exposed In the Chippewa River channel between Location A 'and the dam.
A well-defined, discordant ridge arcs southwestward across the map and crosses
the "amphibolite ridg&' about 2 miles east of the bridge at Jim Falls. The
feature is probably a diabase dike of considerable size, possibly the dike that
is exposed at Wissota Dam.

Petrography and Geochemistry

In contrast to the alumina-rich, garnetiferous amphibolites of the Cornell
area, the amphibolites at Jim Falls are chemically indistinguishable from those
of the Eau Claire River area, and are composed of hornblende (45-65%), plagioclase
(25-50%), epidote (5—15%) and ubiquitous accessory quartz, magnetite, pyrite,
sphene, and chlorite. Epidote is the alteration product of hornblende. which
is pale green (o() to moderate bluish green (v), and shows a pronounced align-
ments in the plane of compositional lamination. The lamination results mainly
from changes in proportion of hornblende and plagioclase. The plagioclase occurs
as "windows" between the well-oriented hornblende laths. Its average size is
less than the hornblende, and it is typically anhedral. More than 95% of the
plagioclase shows no twinning. Relict twinning in a few grains permits measurement
of extinction angles. By this method the approximate An content was found to
be between An. and An. With a CaO:Na20:K20 ratio of 86:10:4 (Table 1) such a
composition st1u1d be flticipated.

As is the case at Cadott and Wissota Dam, the oldest recognizeable intrusive
rock here is a foliated, light gray biotite trondhjemite. It is intruded by darker
biotjte-hornblende tonal jte and a later trondhjemite with pegmatite segregations.
K-feldspar is a very rare coninodity in these rocks. Even the pegmatites are
adamellites, and contain approximately equal parts K-feldspar and sodic plagioclase.
The lack of K20 in the Chippewa amphibolites suggests first-cycle reworking of
primitive basaltic basement rocks.

No rock seen at Jim Falls (with the exception of the diabase dikes) is devoid
of cataclastjc fabrics. Most of the contacts are either totally or partially
modified by shearing and mechanical intermixing of contiguous rock units.

contains en echelon fractures fi 11 ed w i th  very coarse quar tz .  The amphi bol i te- 
grani te (trondh jemi te )  contact i s  sheared, catac las t ica l  l y  blended, and re- 
crystal 1 ized - "grani t ized". Since the gran i te  in t rus ion  was apparently 
guided by lamination i n  the amphibolite, the effects of cataclasis i n  modi- 
fying the contact could be eas i l y  overlooked. 

Small (F-2) fo lds a t  Location C plunge gent ly east-northeast. These are 
folded F-1 i soc l ina l  folds, and a few hinges can be found i n  the outcrop. The 
geometry o f  the i so l c i na l  folds, not  modif ied by F-2 fo ld ing  i s  best displayed 
a t  Location B. The unusual nature of the F-2 fo lds  i s  shown i n  Figure 50. 
Since a p l i t e  and pegmatite veins were c lea r l y  involved i n  the F-1 event, and 
since these veins also cut  the g ran i t i c  in t rus ives here, i t  appears tha t  the 
F-2 fo ld ing was qu i te  la te .  The deformational sequence i s  summarized on page 
83. Xenoliths of i s o c l i n a l l y  folded amphibolite occur i n  the gran i te  (Figure 52). 

The aeromagnetic map (Figure 55) shows a pronounced V-shaped westward con- 
vergence a t  Jim Fal ls. The low magnetic r e l i e f  o f  the bedrock between these two 
magnetic (amphi bol i t e )  ridges i s  probably an eastward extension o f  the g ran i t i c  
rocks exposed i n  the Chippewa River channel between Location A and the dam. 
A we1 1 -defined, discordant r idge arcs southwestward across the map and crosses 
the "amphibol i t e  r idge" about 2 miles east o f  the bridge a t  Jim Fa1 1 s. The 
feature i s  probably a diabase dike o f  considerable size, possibly the dike tha t  
i s  exposed a t  Wissota Dam. 

Petrography and Geochemistry 

I n  contrast t o  the a1 umina-rich, garnetiferous amphibol i tes o f  the Cornel 1 
area, the amphibolites a t  Jim Fa l l s  are chemically indist inguishable from those 
o f  the Eau Cla i re  River area. and are composed o f  hornblende (45-65%), p l  agioclase 
(25-50%), epi dote (5-1 5%) and ubiquitous accessory quartz, magnetite, pyr i te ,  
sphene, and ch lo r i te .  Epidote i s  the a l t e ra t i on  product o f  hornblende. which 
i s  pale green ( M )  t o  moderate b lu ish  green ( V ) ,  and shows a pronounced a l ign-  
ments i n  the plane o f  compositional lamination. The lamination resu l t s  mainly 
from changes i n  proport ion o f  hornblende and p l  agiocl ase. The p l  agiocl  ase occurs 
as "windows" between the well-oriented hornblende laths. I t s  average s ize  i s  
1 ess than the hornblende, and i t  i s  t y p i c a l l y  anhedral . More than 95% of the 
plagioclase shows no twinning. Re l i c t  twinning i n  a few grains permits measurement 
of ex t inc t ion angles. By t h i s  method the approximate An content was found t o  
be between An and An . With a CaO:Na20:K20 r a t i o  o f  86:10:4 (Table 1 ) such a 
composition s&ld be anticipated. 

As i s  the case a t  Cadott and Wissota Dam, the oldest  recognizeable i n t r us i ve  
rock here i s  a fo l ia ted,  l i g h t  gray b i o t i t e  trondhjemite. It i s  intruded by darker 
b i o t i  te-hornblende tonal i t e  and a l a t e r  trondhjemite w i th  pegmatite segregations. 
K-feldspar i s  a very rare  commodity i n  these rocks. Even the pegmatites are 
adamel 1 i tes , and contain approximately equal parts K-fel dspar and sodi c p l  agiocl ase. 
The lack o f  K20 i n  the Chippewa amphibolites suggests f i r s t - cyc l e  reworking of 
p r im i t i ve  basal t i c  basement rocks. 

No rock seen a t  Jim Fa l l s  (w i th  the exception o f  the diabase dikes) i s  devoid 
of cataclast ic  fabr ics.  Most o f  the contacts are e i t he r  t o t a l l y  o r  p a r t i a l l y  
modified by shearing and mechanical intermix ing o f  contiguous rock uni ts.  
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Based on cross—cutting and structural relationships, the following chron-
ology has been worked out for the Jim Falls area: (1) Archean (?) basaltic vol-
canism and associated sedimentation, (2) regiona.l metamorphism converting the
volcanics to amphibolites and isoclinal folding, (3) cataclasis forming ultra—
mylonite zones, (4) faulting and brittle deformation, (5) successive intrusion
of at least four granitic magmas with intervening episodes of cataclasis'as evi-
denced by the occurrence of folded mylonite xenoliths in some of the younger
intrusives (Figure 52), (6) prolonged erosion, and (7) Late Precambrian diabase
dike intrusion. This sequence is modified from Maercklein, 1974, p. 16—20.
At least three deformational episodes can be distinguished here as they can.
elsewhere in the Chippewa amphibolite complex.

Figure 49 -- F-2 folds here plunge about 15_200 east-northeast. The hinges of
isoclinal F-i folds can be found in this, outcrop. Throughgoing cataclasis and
associated faulting have locally broken these structural blocks into lensoidal
blocks. Drag folding and and brecciation can be seen in the limbs of some of
the F-2 folds.
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Maercklein, Douglas R., 1974, Analysis of deformation at Jim Falls, Wisconsin,
unpublished M.S. thesis, University of Wisconsin -. Milwaukee. ,
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Based on cross-cut t ing and s t r uc tu ra l  re la t ionsh ips,  the fo l lowing chron- 
ology has been worked out  f o r  the Jim Fa l l s  area: (1 ) Archean ( ? )  basal t i c  vol-  
cani sm and associated sedimentation, (2)  regional metamorphism convert ing the 
vol canics t o  amphi bol  i tes and i s o c l i n a l  fo ld ing,  (3)  catacl  as i  s forming u l t r a -  
myloni t e  zones, (4 )  f a u l t i n g  and b r i t t l e  deformation, (5)  successive i n t r u s i o n  
of a t  l e a s t  fou r  g r a n i t i c  magmas w i t h  in terven ing episodes o f  catac las is  as ev i -  
denced by the occurrence o f  fo lded mylonite xenol i ths i n  some of the younger 
i n t r u s i  ves (Figure 52). (6) prolonged erosion, and (7) Late Precambrian diabase 
d ike in t rus ion.  This sequence i s  modif ied from Maercklein, 1974, p. 16-20. 
At l eas t  three defonnational episodes can be dist inguished here as they can. 
e l  sewhere i n  the Chippewa amphi bol  i t e  complex. 

Figure 49 -- F-2 f o l ds  here plunge about 15-20' east-northeast. The hinges o f  
i s o c l i n a l  F-1 fo lds  can be found i n  t h i s  outcrop. Throughgoing catac las is  and 
associated f a u l t i n g  have l o c a l l y  broken these s t ruc tu ra l  blocks i n t o  1 ensoi dal 
blocks. Drag f o l d i ng  and and brecc ia t ion can be seen i n  the l imbs of some o f  
the F-2 fo lds.  
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Figure 50 -- Geologic map of the
Jim Falls area by D.R. Maercklein,
1974 showing locations of principal
stops.
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Figure 50 -- Geologic map of the 
Jim Falls area by D.R. Maercklein, 
1974 showing locations of principal 
stops. 
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Figure 51-- Interlensing shear cutting granite pegmatite at
Location A. Lenticular white areas are quartz, which tends
to be locallized along surfaces of major slippage. Sketch by
Maercklein (1974, p. 61)

Figure 52—— Partially assimilated and granitized amphibolite
xenoliths in biotite adarnellite(?). Contact is locally dis-
cordant. Biotite—rich bands extend into the adamelltte(?)
from the large xenolith. Location: halfway between the dam
and bridge on west side of the Chippewa River.

Figure 51 -- In ter1  ensing shear  c u t t i n g  g r a n i t e  pegmatite a t  
Location A. Lent icular  white areas  a r e  quar t z ,  which tends 
t o  be l o c a l l i z e d  along surfaces  of  major s l ippage.  Sketch by 
Maercklein (1974, p. 61) 

Figure 52-- P a r t i a l l y  ass imi la ted  and g ran i t i zed  amphibolite 
xenol i ths  i n  b i o t i t e  adaniel l i te(?)  Contact is l o c a l l y  dis- 
cordant.  Biot i te - r ich  bands extend i n t o  the adamell i t e ( ? )  
from the  l a rge  xenol i th .  Location: halfway between t h e  dam 
and bridge on west s i d e  of t h e  Chippewa River. 
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Figure 53—— Boudinage structures in pegmatite dikes cutting
thinly laminated amphibolite just north of the bridge. Note
accumulation of quartz at points of pegmatite separation.
Sketch by Maercklein (1974, p. 65)

Figure $3-- Boudinage structures i n  pegmatite d i  kes cu t t ing  
t h i n l y  laminated amphibolite j u s t  north o f  the bridge. Note 
accumulation o f  quartz a t  points o f  pegmatite separation. 
Sketch by Maercklein (1974, p. 65) 
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Figure 54—- Detailed geologic map showing sheared intrusive contact
of granite" in thinly banded amphibolite. Lenses of amphibolite
were carried away from the wall by the granite. En echelon fractures
were filled by quartz during contraction of the pegmatite. Location A
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Figure 54-- Detai led geologic map showing sheared in t rus ive  contact 
o f  "granite" i n  t h i n l y  banded amphibolite. Lenses o f  amphibolite 
were carr ied away from the wall  by the granite.  En echelon fractures 
were f i l l e d  by quartz during contraction o f  the pegmatite. Location A 
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STOP #12

CORNELL FLASER GNEISS AND AMPHIBOLITE

A SE¼, NE¼, Sec. 18, T31N, R6W: West side of Hwy. 64 Bridge, Cornell
B SW¼, i4E¼, Sec. 18, T31N,

Cornell 15' quadrangle.

P.E. Myers

September, 1974, March, 1980

SUMMARY OF FEATURES:

F'laser gneiss composed of mica, quartz, feldspar and sparse garnets is
tectonically interlensed with thinly laminated fine—grained banded garnet
amphibolite. Although granite, which became the flasergneiss, was probably
intruded into the amphibolite, its contact today is a shear zone. Rocks at
this locality show an intermediate stage in the tectonic interlensing shear
and cataclasis of rocks of disparate lithology followed by metamorphism to
garnet grade.

LOCATION A -- GARNETIFEROUS ADAMELLITE FLASER GNEISS

Garnetiferous, biotite flaser gneiss (Figure 56) near water level at the
northwest corner of the Cornell bridge is composed of coarse lenses and zoned
feldspar in a micaceous mylonitic matrix. Polygranular lensoids and layers of
untwinned plagioclase (41%) intergrown and mantled by anhedral microline (18%)
are encased in a laminated, micaceous crush debris. Polygranular, strained
quartz (32%) with sutured boundaries forms long, thin laminae and lenses which
impart the conspicuous lamination seen in outcrop. Very dark olive green to
pale yellowish green biotite (5%) with coarse muscovite (3%) and occasional

LOCATION:

R6W: East side of Hwy. 64 Bridge, Cornell,

Photo taken 9/17/74 during dam
repairs.

STOP #12 

TITLE : CORNELL FLASER GNEISS AND AMPHIBOLITE 

LOCATION: A SE%, NE%, Sec. 18, T31N, R6W: West side o f  Hwy. 64 Bridge, Cornel l  

B SWk, im, Sec. 18, T31N, R6W: East side o f  Hwy. 64 Bridge, Cornell, 
Cornel 1 15' quadrangle. 

Photo taken 9/17/74 dur ing dam 
repai  r s  . 

AUTHOR : P.E. Myers 

DATE : - September, 1974, March, 1980 

SUMMARY OF FEATURES : 

Flaser gneiss composed o f  mica, quartz, fe ldspar and sparse garnets i s  
tec ton ica l  l y  i n t e r 1  ensed w i t h  t h i n l y  1 aminated f ine-grained banded garnet 
amphibolite. Although grani te,  which became the f l a s e r  gneiss, was probably 
intruded i n t o  the amphibolite, i t s  contact today i s  a shear zone. Rocks a t  
t h i s  l o c a l i t y  show an intermediate stage i n  the tec ton ic  in te r lens ing  shear 
and catac l  as i  s o f  rocks o f  d isparate 1 i tho1 ogy fo l  1 owed by metamorphism t o  
garnet grade. 

LOCATION A -- GARNETIFEROUS ADAMELLITE FLASER GNEISS 

Garnetiferous, b i o t i t e  f l a s e r  gneiss (Figure 56) near water l eve l  a t  the 
northwest corner o f  the Cornel 1 br idge i s  composed o f  coarse lenses and zoned 
fe ldspar i n  a micaceous myloni t i c  matr ix .  Polygranul a r  lensoids and layers of 
untwi nned p l  agiocl  ase (41 %) i ntergrown and mantled by anhedral m i  c r o l  i ne (1  8%) 
are encased i n  a laminated, micaceous crush debris. Polygranular, s t ra ined 
quartz (32%) w i th  sutured boundaries forms long, t h i n  laminae and lenses which 
impart the conspicuous lamination seen i n  outcrop. Very dark o l i v e  green t o  
pale ye l lowish green b i o t i t e  (5%) w i th  coarse muscovite (3%) and occasional 
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grains of epidote and garnet are confined to the foliated crush debris. This
rock contains more biotite and less garnet than flaser gneiss at Locality B.
Interlensing shear. dislocation and cataclasis normally involve several stages
of differential grain fracture, displacement, and ablation accompanied by
laminar flow of crush debris with lateral displacement, ablation and mixing
of rocks. The rock from which this gneiss formed was probably a coarse-textured'
biotite quartz monzonite. Each component mineral in a granitic rock behaves
differently under shearing stress.

Stage 1 -- Protomylonite

Early strain is expressed,as. progressive microscopic crushing of minerals,
first at corners, then on edges, and last on faces. The lens is an equilibrium
form at all scales. Quartz is easily fractured and accumulates with fragmented
feldspar as. an insulating film of crushed rock or mylonite encasing relict
feldspar lenses or °porphyroclasts". Such a rock is characterized by a faint
foliation and ovoid shape of feldspars. Primary textures are still conspicuous.

Stage 2 -— Flaser Gneiss

With continued deformation, relict feldspar lenses become decidely len-
soidal (Figure 56). Primary mica is reoiriented along interlensing slip planes,

--and the rock becomes conspicuously foliated. New mica may begin to crystallize
at this stage. The proportion of mylonite to surviving grains increases while
relict feldspar lenses become thinned by ablation. Crenulatlon or microfolding
or residual rock lenses is comon at this stage. "tectonic xenoliths" or len-
ticular fragments of non-mylonitized rock are carried along in the flowing
granular mass. Drag folds and ptygmatic folds show differential movement and
turbulence. Most of the displacement becomes localized, along thin, interlensing
zones of slippage (Figure 59 ).

Figure 56 -- Biotite tonalite protomylonite from Hamilton Falls, Eau Claire CG.
Ends of lenticulated plagioclase porphyroclast show no twinning. Note crushed
grain boundaries. P=plagioclase, B=biotite, Q=quartz, E=epidote, Sp=sphene.

-- -- - - 
grains o f  epidote and garnet are confined t o  the f o l i a t e d  crush debris. This 
rock  contains more b i o t i t e  and less garnet than f l a s e r  gneiss a t  Loca l i t y  B. 
l&r lensing shear d is locat ion and cataclasis normal l y  invo lve several stages 
of d i f f e ren t i a l  gra in  f racture,  displacement, and ab la t ion accompanied by 
laminar f low o f  crush debris w i t h  l a t e r a l  displacement, ab la t ion and mixing 
o f  rocks. The rock from which t h i s  gneiss formed was probably a coarse-textured 
b i o t i t e  quartz monzonite. Each component mineral i n  a g r a n i t i c  rock behaves 
d i f f e r e n t l y  under shearing stress. 

Stage 1 -- Protomylonite 

Ear ly s t r a i n  i s  expressed as progressive microscopic crushing o f  minerals , 
f i r s t  a t  comers, then on edges, and l a s t  on faces. The lens i s  an equi l ib r ium 
form a t  a l l  scales. Quartz i s  eas i l y  f rac tured and accumulates w i t h  fragmented 
feldspar as. an insu la t ing  f i l m  o f  crushed rock o r  llmylonitel' encasing r e l i c t  
feldspar lenses o r  llporphyroclastsll. Such a rock i s  characterized by a f a i n t  
f o l i a t i o n  and ovoid shape o f  feldspars. Primary textures are s t i  11 conspicuous. 

Stage 2 -- Flaser Gneiss 

With continued deformation, re1 i c t  fe ldspar lenses become decidely len- 
soi dal (Figure 56). Primary mica i s  reo i  ri ented a1 ong i nter lens ing s l i p  planes, 
and the rock becomes conspicuously fo l ia ted .  New mica may begin t o  c r y s t a l l i z e  
a t  t h i s  stage. The proport ion o f  my1 oni t e  t o  surv iv ing grains increases whi le  
re1 i c t  fe ldspar 1 enses become thinned by ablat ion.  Crenulation o r  microfol  d i  ng 
o r  residual rock lenses i s  common a t  t h i s  stage. " tectonic xenoliths1' o r  len- 
t i c u l a r  fragments o f  non-mylonitized rock are car r ied  along i n  the f lowing 
granular mass. Drag f o l ds  and ptygmatic fo lds  show d i f f e r e n t i a l  movement and 
turbulence. Most o f  the displacement becomes l oca l  ized along th in ,  i n t e r 1  ensing 
zones o f  s l  i ppage (Figure 59 ) . 

Figure 56 -- B i o t i t e  tonal i t e  protomyloni t e  f r o m  Hamil ton Fa1 l s ,  Eau C la i re  CO. 
Ends o f  len t i cu la ted  plagioclase porphyroclast show no twinning. Note crushed 
grain boundaries. P=p1 agiocl ase, B=biot i  te, Q=quartz, E=epi dote, Sp=sphene. 
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Stage 3 -- Ultramylonite

Reduction of relict rock and mineral lenses by ablation may ultimately
result in a thinly laminated, flinty ultramylonite, or in crystallization
of new feldspar. Relict feldspar lenses become mantled by new feldspar.
Reversed zoning is common. The rock at this stage becomes a blastomylonite
The point at which feldspar regrowth begins varies even from one part of an
outcrop to another.

Reaction rates accelerate with: (1) increased surface area in accumulating
mylonite. (2) frictional heat and (3) pressure of mobilized water.

Anhedral form of the garnets and absence of deformation around them in-
dicate their late-kinematic age. Fresh garnet is a relatively rare mineral
in rocks of the Eau Claire region. Large, relict garnets at Big Falls are
altered to hornblende. With rocks that have been deformed and metamorphosed
at least three times, it becomes difficult to discriminate between surviving
Urelictul minerals and those produced during later metamorphism.

FQliation and compositional layering in rocks at Cornell strike N80°E
to N80"W. These same structural elements at Fisher River 4 km northeast of
here trend N40°-50°E, a factor taken to indicate a major flexure in the rocks
north of Cornell.

LOCATION B -- GARNET AMPHIBOLITE AND SHEARED PEGMATITE

Laminated garnet amphibolite at Location B is representative of the
"Cornell amphibolite" which crops out almost continuously for 4 km down the
Chippewa River. The amphibolite could also be classed as a gneissic, mafic
hornblende tonalite or hornblende gneiss. It is composed of subhedral to
anhedral, lensoidal hornblende clusters (54%) with coarse, lensoidal porphyro-
clasts of twinned plagioclase (28%) and fine-grained quartz. The hornbleñde
is strongly pleochroic (OC= pale yellowish green; 7= dark bluish green).
Banding in the amphibolite Is cut by lenticular segments of granite and quartz
veinlets. The nearly vertical banding is thinly interlensing in 3 dimensions,
and strikes N80°E to N800W. Small, isoclinal folds plunge at low angles in
the plane of compositional banding. Garnets in the amphibolite tend to be
randomly clustered and have ragged borders. No evidence of garnet porphyro-
blasts rotation was seen. The distribution of garnet clusters shows little
relation to banding or fold morphology. The garnets appear to have formed
after most of the particulate flowage of the rocks, as evidenced by the good
preservation of garnet crystal apophyses in the amphibolite.

Coarse, garnetiferous felsic flaser gneiss and sheared pegmatite are in
contact with amphibolite in this outcrop. Granite cormnonly intrudes amphibolite
at other locations (Jim Falls). Intrusive relations of most granite bodies
in the area are obliterated by shear displacement and partial recrystallization.
The occurrence of garnet in the flaser gneiss indicates that both rocks were
metamorphosed after tectonic imbrication. An excellent example og sheared pegmatite
and other coarse-grained granitic rocks can be seen just north of the east end
of the Hwy. 64 bridge at Location B (Figure 58). Coarse, bent, lenticulated
and fractured feldspar porphyroclasts are enclosed in a fine-grained matrix of
quartz-feldspar-muscovite crush debris. Some flow folds can be seen in the mylonite
in some of these rocks.

Stage 3 -- Ul tramylonite 

Reduction of re l ic t  rock and mineral lenses by ablation may ultimately 
result i n  a t h i n l y  laminated, f l i n t y  u l  tramylonite, or i n  crystal1 ization 
of new feldspar. Relict feldspar lenses become mantled by new feldspar. 
Reversed zoning i s  common. The rock a t  this stage becomes a blastomylonite. 
The p o i n t  a t  which feldspar regrowth begins varies even from one part of an 
outcrop to another. 

Reaction rates accelerate w i t h  : (1 ) increased surface area i n  accumulating 
myloni te.  ( 2 )  frictional heat and (3) pressure of mobilized water. 

Anhedral form of the garnets and absence of deformation around them in- 
dicate their late-kinematic age. Fresh garnet i s  a relatively rare mineral 
in rocks of the Eau Claire region. Large, re l i c t  garnets a t  Big Fa1 1s are 
altered to hornblende. W i t h  rocks that have been deformed and metamorphosed 
a t  least three times, i t  becomes diff icult  to discriminate between surviving 
're1 ict"  minerals and those produced dur ing  1 a ter  metamorphism. 

Foliation and compositional layering i n  rocks a t  Cornell s tr ike ~ 8 0 ' ~  
to N80 W. These same structural elements a t  Fisher River 4 km northeast of 
here trend N ~ o O - ~ O O E ,  a factor taken to indicate a major flexure i n  the rocks 
north of Cornel 1. 

LOCATION B -- GARNET AMPHIBOLITE AND SHEARED PEGMATITE 

Laminated garnet amphibolite a t  Location B i s  representative of the 
'Cornell amphibolite" which crops out almost continuously for  4 km down the 
Chippewa River. The amphibol i t e  could a1 so be classed as a gneissic, mafic 
hornblende tonal i t e  or hornblende gneiss. I t  i s  composed of subhedral to 
anhedral , 1 ensoi dal hornblende clusters (54%) w i t h  coarse, lensoidal porphyro- 
clasts of twinned plagioclase (28%) and fine-grained quartz. The hornblende 
i s  strongly pleochroic (a= pale yellowish green; "7= dark bluish green). 
Banding i n  the amphibolite i s  cut by lenticular segments of granite and quartz 
veinlets. The pearly vertical banding is thinly interlensing i n  3 dimensions, 
and str ikes N80 E to ~ 8 0 ~ ~ .  Small, isocl inal folds plunge a t  low angles i n  
the plane of compositional banding. Garnets i n  the amphibolite tend to be 
randomly clustered and have ragged borders. No evidence of garnet porphyro- 
blasts rotation was seen. The distribution of garnet clusters shows l i t t l e  
relation to banding or fold morphology. The garnets appear to  have formed 
af ter  most of the particulate flowage of the rocks, as evidenced by the good 
preservation of garnet crystal apophyses i n  the amphibol i te.  

Coarse, garnetiferous fe l s ic  f laser  gneiss and sheared pegmatite are i n  
contact w i t h  amphibol i t e  i n  th is  outcrop. Granite commonly intrudes amphi bol i t e  
a t  other locations (Jim Falls). Intrusive relations of most granite bodies 
i n  the area are obliterated by shear displacement and partial recrystal 1 ization. 
The occurrence of garnet i n  the f laser  gneiss indicates that  both rocks were 
metamorphosed af ter  tectonic imbrication. An excel lent example og sheared pegmatite 
and other coarse-grained granitic rocks can be seen just north of the east end 
of the Hwy. 64 bridge a t  Location B (Figure 58). Coarse, bent, lenticulated 
and fractured feldspar porphyroclasts are enclosed in a fine-grained matrix of 
quartz-fel dspar-muscovite crush debris. Some flow folds can be seen i n  the myloni t e  
in some of these rocks. 
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Figure 57 -— Garnetiferous biotite ada-
mellite flaser gneiss (Location A)
Lensoidal feldspars are enclosed in a
recrystallized, foliated matrix.

Figure 58 -- Sheared pegmatte (Location B
near eastern bridge abutment) Lensoids of
coarse K-feldspar in matrix of crush debris.

Figure 57 -- Garnetiferous b i o t i t e  ada- 
m e l l i t e  f laser gneiss (Location A)  
Lensoidal feldspars1 are enclosed i n  a 
recrystal  1 ized, fo l ia ted matrix. 

\ 

Figure 58 - Sheared pegmatite (Location B 
near eastern bridge abutment) Lensoids o f  
coarse K-fel dspar i n  matrix o f  crush debris. 
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FISHER RIVER BRECCIA
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STOP #13

NW¼. SW¼, Sec. 4, T31N, R6W, Chippewa County, Cornell 15' quadrangle

OF FEATURES:

This unusual, heterolithic breccia contains clasts of rock types not seen
elsewhere in the region, such as porphyritic gabbro, greenstone, metapyroxenite(?),
andesitic tuff, and cataclastically laminated granitic rocks. The breccia is
enclosed on the north and south sides by foliated trondhjemite and on the west
by gneissic biotite-hornblende tonalite. The gneissic trondhjemite elsewhere
in the area (Fisher River Bridge) contains abundant metadiorite and tonalite
xenoliths which are elongated in the plane of foliation. It is tentatively
proposed that the breccia unit, like the other xenoliths, is an inclusion in
the gneissic trondhjemité, and that it was originally formed by faulting.

DESCRIPTION:

Reconnaissance along the scoured glacial meitwater channel of Fisher River
(Figure 59 ) indicates that the area is underlain by gneissic tonalite and
trondhjernite containing abundant xenolithic masses of metadiorite and tonalite.
The breccia unit, which is apparently enclosed by foliated trondhjemite and
tonalite, contains angular to subrounded, non-sorted clasts of ultramafic
rock (metapyroxenite?), massive and porphyritic hornblende gabbros, hornblende
biotite tonalite, greenstone, andesite tuff, and massive and cataclastically
laminated granitic rocks - probably trondhjemite and adamellite (quartz monzonite).

The dominant mineralogy of these rocks, including those in the breccia,
is plagioclase (An2_), quartz, hornblende, biotite, and K-feldspar. Accessory
epidote, chlorite, aetite and/or pyrite are ubiquitous.

AUTHOR: P.E. Myers

DATE:

SUMMARY

February, 1980
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STOP #13 

TITLE : FISHER R I V E R  BRECCIA 

LOCATION: NW*. SW%, Sec. 4, T31N, R6W, Chippewa county, Cornell 15' quadrangle 

AUTHOR : P. E. Myers 

DATE : - February, 1980 

SUMMARY OF FEATURES: 

This unusual, h e t e r o l i t h i c  breccia contains c las ts  o f  rock types no t  seen 
elsewhere i n  the  region, such as po rphy r i t i c  gabbro, greenstone, metapyroxeni te (? )  , 
andes i t ic  t u f f ,  and ca tac las t i ca l l y  laminated g r a n i t i c  rocks. The breccia i s  
enclosed on the nor th  and south sides by f o l i a t e d  trondhjemi t e  and on the west 
by gneissic o i o t i  te-hornbl ende tonal  i te. The gneissic trondh jemi t e  e l  sewhere 
i n  the area (Fisher River Bridge) contains abundant metadiori  t e  and tonal  i t e  
xenol i ths which are elongated i n  the plane of f o l i a t i on .  It i s  t e n t a t i v e l y  
proposed t h a t  the  breccia un i t ,  l i k e  the other xenol i ths, i s  an inc lus ion  i n  
the gneissic trondhjemite, and t h a t  i t  was o r i g i n a l l y  formed by f au l t i ng .  

DESCRIPTION: 

Reconnaissance a1 ong the scoured g l  ac i  a1 me1 twater channel o f  Fisher R i  ver 
(Figure 59 ) indi.cates t h a t  the area i s  underlain by gneissic t o n a l i t e  and 
trondhjemi t e  contain ing abundant xeno l i t h i c  masses o f  metad ior i te  and tonal  i te. 
The breccia un i t ,  which i s  apparently enclosed by f o l i a t ed  trondhjemite and 
tonal  i te, contains an u l a r  t o  subrounded, non-sorted c las ts  o f  u l  t ramaf ic  
rock (metapyroxeni te?), massive and po rphy r i t i c  hornblende gabbros , hornblende 
b i o t i t e  tonal i te,  greenstone, andesi t e  tuff ,  and massi ve and ca tac las t i  ca l  l y  
1 aminated g r a n i t i c  rocks - probably trondhjemi t e  and adamel 1 i t e  (quartz monzoni t e )  . 

The dominant mineralogy of these rocks, inc lud ing those i n  the breccia, 
i s  p lagioclase (An ) , quartz, hornblende, b i o t i t e ,  and K-fel dspar. Accessory 
epi  dote, c h l o r i t e  , *k@et i  t e  and/or p y r i t e  i r e  ubiquitous. 
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Figure 59 -- Geologic map of the Fisher River area. htg = hornblende
tonalite gneiss; bhtg = biotite-hornblende tonalite gneiss; trg = trondh-
jemite gneiss; di = diorite; br = breccia. Note fairly gentle northwest
plunge of lineation in the tonalite gneiss.

0 0.5 mi le  

Figure 59 -- Geologic map o f  the Fisher River area. htg = hornblende 
tonal i t e  gneiss; bhtg = b i o t i  te-hornbl ende tonal i t e  gneiss; t r g  = trondh- 
jemite gneiss; d i  = dior i te ;  b r  = breccia. Note f a i r l y  gentle northwest 
p l  unge o f  1 ineat ion i n  the tonal i  t e  gneiss. 



Characteristics of the Breccia:
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The breccia is composed of angular to subrounded, non-sorted clasts of
chioritized ultramafi rocks, massive and laminated gabbros, tonalites, and
granitic rocks, greenstones, and crystal tuffs. The fine to medium grained
matrix is composed essentially of plagioclase, quartz, and biotite. Chlorite
seams cut through the breccia fragments and matrix at high angles. Epidote
occurs as joint coatings and as a partial replacement of mafic minerals in
the breccia. Clast size ranges from 1 - 20 cm with an average of about 4 cm.
The fragments show a subtle preferred orientation (Figure 60), which here is
about N50°E, vertical. The clasts show no post-depositional rounding or frag-
mentation, as would be expected in a fault breccia. Chalcopyrite occurs in the
matrix.

Figure 60-- Photograph of the Fisher River breccia at
this location. Note wide variety of clast lithology
the relatively high clast/matrix ratio, and the crude
near-vertical orientation of clasts.

Chronology of the Fisher River Area:

A chronology can be synthesized from field observations in the
area. Compare with Table 7.

*1.
*2.

3.
*4
5.
6,
7.

mafic hornbldnde gabbro and diorite
adamellite and trondhjemite
cataclasis, probably accompanied by regional metamorphism
basalt and andesite(?) tuff
mafic hornblende-biotite tonalite
brecciation - formation of the Fisher River breccia
leucotrondhjemi te

8. Cataclasis, metamorphism, lenticulation of pegmatites, mylonite
"veinlets" with right-lateral displacement

9. Intrusion of tonalite and diabase dikes (Late Precambrian)
*posjtjon in sequence not known. Inferred on the basis of breccia clast
lithology and structures.

Intrusion of
Intrusion of
Shearing and
Extrusion of
Intrusion of
Faulting and
Intrusion of

Fisher River

Character ist ics o f  the Breccia: 

The breccia i s  composed o-F angular t o  subrounded, non-sorted c las ts  of 
c h l o r i  t i z e d  u l t ramaf ic  rocks, massive and laminated gabbros, tonal i t e s ,  and 
g r a n i t i c  rocks, greenstones, and c rys ta l  t u f f s .  The f i n e  t o  medium grained 
matr ix  i s  composed essen t ia l l y  o f  plagioclase, quartz, and b i o t i t e .  Ch lo r i t e  
seams cut  through the breccia fragments and matr ix  a t  high angles. Epidote 
occurs as j o i n t  coatings and as a p a r t i a l  replacement o f  mafic minerals i n  
the breccia. Clast  s i ze  ranges f r o m  1 - 20 cm w i t h  an avera e of about 4 cm. 
The fragments show a subt le  preferred o r ien ta t ion  (Figure 60 ? , which here i s  
about N50Â°E v e r t i c a l  . The c l  asts show no post-deposi t i o n a l  rounding o r  frag- 
mentation, as would be expected i n  a f a u l t  breccia. Chalcopyri te occurs i n  the 
matr ix. 

Figure 60-0 Photograph o f  the Fisher River breccia a t  
t h i s  locat ion.  Note wide va r i e t y  o f  c l a s t  l i t h o l o g y  
the r e l a t i v e l y  h igh c las t /mat r ix  r a t i o ,  and the crude 
near-ver t i  cal o r i en ta t i on  o f  c l  asts . 

Chronology o f  the Fisher River Area: 

A chronology can be synthesized from f i e l d  observations i n  the Fisher River 
area. Compare w i t h  Table 7. 

*l. In t rus i on  o f  mafic hornbldnde gabbro and d i o r i t e  
*2. I n t r us i on  o f  adamel 1 i t e  and trondh jemi t e  

3. Shearing and cataclasis , probably accompanied by regional metamorphism 
*4. Extrusion o f  basa l t  and andesite(?) t u f f  

5. In t rus ion  o f  mafic hornblende-bioti t e  tonal  i t e  
6. Fau l t ing and brecc ia t ion - formation o f  the Fisher River breccia 
7. In t rus ion  of leucotrondhjemi t e  
8. Cataclasis, metamorphism, l e n t i c u l  a t i o n  o f  pegmati tes, myloni t e  

' ve i n l e t s "  w i t h  r i g h t - l a t e r a l  displacement 
9. I n t r us i on  o f  tonal  i t e  and diabase dikes (Late Precambrian) 

*Posi t ion i n  sequence no t  known. I n fe r red  on the basis of breccia c l a s t  
1 i thology and structures.  
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Although no trondhjemite dikes were seen to cut the breccia, the trondhjemite
is in contact with the breccia along its north and south sides. The trend of
the breccia unit is N550E; its dip is unknown. At several locations along the
Fisher River (south of here), the gneissic leucotrondhjemite contains abundant
schistose mafic inclusions and large xenoliths of metadiorite. The xenoliths
are elongated in the plane of foliation. It is therefore tentatively concluded
that the breccia unit itself is a large lensoidal xenolith in the gneissic leuco-
trondhjemite.

The leucotrondhjemite here closely resembles that at Wissota Dam. As at that
locality, the trondhjemite Is cut by gray tonalite dikes.

Mode of Formation of the Fisher River Breccia - Possibilities, Evaluations:

1. Pyroclastic Breccia: Fisher River breccia (FRB) contains mainly
metamorphic and plutonic clasts. The matrix,
now recrystallized, might be a metatuff.

2. Intrusion Breccia: Matrix in not discernably a plutonic igneous
rock; matrix lacks flow fabric around clasts;

3. Tillite: Clasts in FRB are too angular; do not show evi-
dence of transport.

4. Fault Breccia: Recrystallized matrix does not contain relict
fault gouge texture. The absence of post-depo-
sitional fragmentation makes the fault breccia
hypothesis a bit shaky.

5. Talus Breccia: The lithologic heterogeneity, angularity of
clasts, favor this interpretation. The likely-
hood for preservation of a Precambrian surficial
feature is not great, however.

What are some other possibilities? How could the mystery be solved?

Although no trondhjemite dikes were seen t o  cut  the breccia, the trondhjemite 
i s  i n  contact w i th  the breccia along i t s  nor th  and south sides. The t rend o f  
the breccia u n i t  i s  ~ 5 5 ~ ~ ;  i t s  d i p  i s  unknown. At  several locat ions along the 
Fisher River (south of here), the gneissic leucotrondhjemi t e  contains abundant 
schistose mafic i n c l  usions and 1 arge xenol i ths o f  metadiori  te. The xenol i ths 
are elongated i n  the plane of f o l i a t i o n .  It i s  therefore  t e n t a t i v e l y  concluded 
t ha t  the breccia u n i t  i t s e l f  i s  a la rge lensoidal  xeno l i th  i n  the gneissic leuco- 
trondhjemi te. 

The leucotrondhjemite here c lose ly  resembles t h a t  a t  Wissota Dam. As a t  t h a t  
1 ocal i ty, the trondhjemi t e  i s  cut  by gray tonal  i t e  dikes. 

Mode o f  Formation of the Fisher River Breccia - Poss ib i l i t i e s ,  Eva1 uations: 

1. Pyroc las t ic  Breccia: Fisher River breccia (FRB) contains mainly. 
metamorphic and p lu ton ic  c las ts .  The matr ix, 
now recrys ta l  1 ized, might be a metatuff .  

2. In t rus ion  Breccia: Mat r ix  i n  not  discernably a p lu ton ic  igneous 
rock; mat r ix  lacks flow f a b r i c  around c las ts ;  

3. T i l l i t e :  Clasts i n  FRB are too angular; do not  show ev i -  
dence o f  transport.  

4. Faul t  Breccia: Recrystal 1 i zed  matr ix  does not  contain re1 i c t  
f a u l t  gouge texture.  The absence o f  post-depo- 
s i  t i ona l  fragmentation makes the f a u l t  breccia 
hypothesis a b i t  shaky. 

5. Talus Breccia: The 1 i tho log i  c heterogeneity , angu la r i t y  o f  
c lasts,  favor  t h i s  in te rp re ta t ion .  The 1 i kely-  
hood f o r  preservation o f  a Precambrian s u r f i c i a l  
feature i s  no t  great, however. 

What are some other p o s s i b i l i t i e s ?  How could the mystery be solved? 
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STOP #14

TITLE: STRUCTURES IN QUARTZ DIORITE, GRANITIC INTRUSIVES AND META-.
ANDESITE AT HOLCOMBE DAM.

LOCATION: Holcombe Dam, Sw 1/4 Sec. 28, T32N, R6W, Chippewa County,
Cornell 15" quadrangle.

AUTHOR: Stephanie R. Wurdinger, University of Minnesota, Duluth

DATE: February, 1980

SUMMARY OF FEATURES:

Synkinematic quartz diorite was metamorphosed to the lower amphibolite
facies during F1 folding. Granitic intrusives and dikes, and a hypabyssal
andesite were intruded during F., folding of the quartz diorite. These rocks
were later converted to schist 1ong a shear zone exposed along the Chippewa
River. A system of N5OW faults with a dominantly right lateral strike off-
set later segmented all rock units. The major fold deformations, and thus
the rock units at Holcombe Dam, are believed to be Penokean in age.

DESCRIPTION:

In order of decreasing age, the rock units of the Holcombe area are:
banded gneiss at the Fisher River, quartz diorite at Holcombe Dam, and.
amphibolite schist along the Chippewa River (Figure 61).

Gneissic quartz diorite and associated meta-igneous rocks crop out
below Holcombe Dam. In order of decreasing age, the latter are: Ultramafic
and spotted mafic xenoliths in the quartz diorite, quartz diorite gneiss,
granite and associated granite dikes, and meta-andesite (Figure 62). These
units were converted to schist along shear zones which cross the outcrop.

The quartz diorite contains two types of inclusions: hornblende rich
ultramafic inclusions, and spotted mafic inclusions. Ultramafic inclusions
occur along the northwest portion of the exposed quartz diorite. These are
generally less than 0.5 meters in length, although one is at least 2 meters
long. Ultramafic inclusions are composed of 75-85% hornblende and 11—13%
biotite with a small amount of plagioclase. Chlorite occurs as an alteration
product of biotite and less commonly of hornblende, and can compose more
than 20% of the rock.

Spotted mafic inclusions occur along the southeast section of the
exposed quartz diorite. They range from a few centimeters to more than 6
meters in length. The same rock type occurs as dikes in the. banded gneiss
at the Fisher River. Spotted mafic xenoliths are composed of hornblend
clots to 3 mm in size in a fine-grained matrix of plagioclase and hornblende.
A few hornblende clots are pseudomorphs after pryroxene. The spotted in-
clusions are commonly surrounded by white rinds of plagioclase and quartz,
probably due to the preferential nucleation of plagioclase on the inclusions
during intrusion of the quartz diorite.
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TITLE: STRUCTURES I N  QUARTZ DIORITE, GRANITIC INTRUSIVES AND META- 
ANDESITE AT HOLCOMBE DAM. 

LOCATION: Holcombe Dam, SW 1/4 Sec. 28, T32N, R6W, Chippewa County, 
Cornell 15" quadrangle. 

AUTHOR: Stephanie R. Wurdinger, Univers i ty  o f  Minnesota, Dul u th  

DATE : - February, 1980 

SUMMARY OF FEATURES : 

Synkinematic quartz d i o r i  t e  was metamorphosed t o  the lower amphibol i t e  
facies during F fo ld ing.  Grani t ic  in t rus ives  and dikes, and a hypabyssal 
andesite were intruded during F fo ld ing  o f  the quartz d i o r i t e .  These rocks 
were l a t e r  converted t o  sch is t  along a shear zone exposed along the Chippewa 
River. A system of N50W f a u l t s  w i th  a dominantly r i g h t  l a t e r a l  s t r i k e  o f f -  
set  l a t e r  segmented a l  1 rock uni ts.  The major fo ld  deformations, and thus 
the rock un i t s  a t  Holcombe Dam, are bel ieved t o  be Penokean i n  age. 

DESCRIPTION : 

I n  order o f  decreasing age, the rock un i t s  o f  the Holcombe area are: 
banded gneiss a t  the Fisher River, quartz d i o r i t e  a t  Holcombe Dam, and 
amphi bol i t e  sch is t  along the Chippewa River (Figure 61 ). 

Gneissic quartz d i o r i  t e  and associated rota-igneous rocks crop out 
below Holcombe Dam. I n  order o f  decreasing age, the l a t t e r  are: U1 tramaf ic 
and spotted mafic xenol i ths i n  the quartz d i o r i t e ,  quartz d i o r i t e  gneiss, 
gran i te  and associated g ran i te  dikes, and meta-andesi t e  (Figure 62). These 
un i ts  were converted t o  sch is t  along shear zones which cross the outcrop. 

The quartz d i o r i t e  contains two types o f  inclusions:  hornblende r i c h  
u l t ramaf ic  inclusions, and spotted mafic inclusions. Ultramafic inclusions 
occur along the northwest por t ion  o f  the exposed quartz d i o r i t e .  These are 
general ly less than 0.5 meters i n  length, although one i s  a t  l e a s t  2 meters 
1 ong . U l  tramafi c i ncl  us i  ons are composed o f  75-85% hornblende and 1 1-1 3% 
b i o t i t e  w i th  a small amount o f  plagioclase. Ch lo r i te  occurs as an a1 t e ra t i on  
product o f  b i o t i t e  and less commonly o f  hornblende, and can compose more 

' than 20% o f  the rock. 

Spotted mafic inclusions occur along the southeast sect ion o f  the 
exposed quartz d i o r i t e .  They range from a few centimeters t o  more than 6 
meters i n  length. The same rock type occurs as dikes i n  the banded gneiss 
a t  the Fisher River. Spotted mafic xenol i ths are composed o f  hornblend 
c l o t s  t o  3 mm i n  s ize i n  a fine-grained matr ix  o f  plagioclase and hornblende. 
A few hornblende c l o t s  are pseudomorphs a f t e r  pryroxene. The spotted i n -  
clusions are commonly surrounded by white r inds  o f  plagioclase and quartz, 
probably due t o  the p re fe ren t ia l  nucleation of p'iagioclase on the inclusions 
during i n t rus ion  o f  the quartz d i o r i t e .  . 
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Figure 61-- Geologic map of Holcombe
diorite, ams = amphibolite schist.

area. bgn = banded gneiss, qd = quartz

The quartz diorite is a medium-grained, dark to medium grey rock
with rusty weathering surfaces, It is faintly foliated and has white dis-
continuous bands and lenticles which are more quartz rich than the rest of
the rock. Quartz diorite is composed of plagioclase (32-51%), quartz (11-31%)
and mafic minerals (12-33%). Mafic minerals range from entirely hornblende
to entirely biotite.

The quartz diorite is cut by medium-grained granite pods with mig-
matitic contacts and by finer-grained dikes with sharp contacts. The
granite is a pink, faintly foliated rock which locally contains porphyritic
microcline grains reaching 1 cm in size. Granitic rocks consist of plagio-
clase, microcline and quartz, with minor amounts of biotite, muscovite and
epidote.

2

A

27

3$
34

0 .5m1

Figure 61 - Geologic map o f  Hol combe area. bgn = banded gneiss , qd = quartz 
d i o r i  te. ams = amphibol i t e  schist.  

The quartz d i o r i  t e  i s  a medium-grained, dark t o  medium grey rock 
w i th  rus ty  weathering surfaces. It i s  f a i n t l y  f o l i a t e d  and has whi te d is -  
continuous bands and l e n t i c l e s  which are more quartz r i c h  than the r e s t  o f  
the rock. Quartz d i o r i  t e  i s  composed o f  p l  agiocl  ase (32051%) , quartz (1  l-31%) 
and mafic minerals (12-33%). Mafic minerals range from e n t i r e l y  hornblende 
t o  e n t i  r e l y  b i o t i t e .  

The quartz d i o r i t e  i s  cu t  by medium-grained gran i te  pods w i t h  mig- 
m a t i t i c  contacts and by f iner-grained dikes w i t h  sharp contacts. The 
gran i te  i s  a pink, f a i n t l y  f o l i a t e d  rock which l o c a l l y  contains porphyr i t i c  
microcl ine grains reaching 1 cm i n  size. Grani t ic  rocks consist  o f  p lagio-  
c l  ase. m i  c roc l  i ne and quartz, w i th  m i  nor amounts of b i o t i t e .  muscovite and 
epi dote. 
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The youngest intrusive unit at Holcombe Dam, a hypabyssal andesite,
intrudes the quartz diorite and granite dikes with sharp, steeply dipping
contacts. It consists of about 10% lineated hornblende grains in a fine-
grained pale gray matrix. Where the andesite cuts the granite dikes, it
contains numerous pale green veins of epidote.

Shear zones which cut the quartz diorite gneiss are long, narrow,
sinuous zones of schist, containing pods of quartz and pyrite or of quartz
and feldspar. The shear zones are a few millimeters to 1.5 meters wide
and a few centimeters to 60 meters long. They cut both the quartz diorite
gneiss and the andesite. Schistose rocks in the shear zones are thoroughly
recrystallized and display no cataclastic textures. A shear zone at the
northwest corner of the outcrop is cataclastic and may have formed during
the late stages of shear deformation. Large, unsheared lenses in the
shear zone give the appearance of having undergone spheriodal weathering.

The three intrusive rock units at Holcombe Dam all contain relict
igneous subhedral and euhedral feldspars, and all have metamorphically
induced fabrics, imparted dominantly by the mafic minerals. All of the
above mentioned rock units have partially to thoroughly recrystallized
in the lower amphibolite facies.

Late hydrothermal alteration occurred along fracture systems to a
width of a few centimeters. In altered zones, plagioclase is altered to
sericite or saussurite, and biotite is converted to chlorite. Quartz is
partially replaced by albite and/or calcite, and hornblende has over-
growths of pale actinolite. This type of hydrothermal alteration could
be produced by hydrogen metasomatism along with the introduction of Na20
and CO2.

STRUCTURAL GEOLOGY:

A sumary of deformations which affected rocks in the Holcoithearea
is presented in Table 11. The only rock showing all the fold deformations
is the banded gneiss at the Fisher River.

F1 folding produced a dominantly east—west foliation, S,. The quartz
diorité at Holcombe Dam shows an east-west foliation, but there are no F
folds. This suggests intrusion of the quartz diorite during the F1 even

S, foliation in the quartz diorite gneiss was folded during F folding.
F9 folds are tight to isocljnal folds in foliation, compositional layering
ahd in felsic veins. F9 folding occurred at a low, oblique angle to F1 fold
trends and produced modrate to steep (6O_800) westerly plunging lineations.
Granite intrusives and the hypabyssal andesite display east-northeast
foliations and steep to moderate lineations, suggesting that they were in-
truded during the F2 event.

During F. folding, foliation and fold axial planes in the gneissic
rocks at Holcmbe were broadly warped along a steeply dipping north-south
axis. At Holcombe Dam, the axial planes of F2 folds, and metasomatic bands
of granite were affected by the F3 event.

The youngest i n t r us i ve  u n i t  a t  Holcombe Dam, a hypabyssal andesite, 
int rudes the quartz d i o r i t e  and gran i te  dikes w i th  sharp, steeply dipping 
contacts. It consists o f  about 10% l ineated hornblende grains i n  a f i ne -  
grained pale gray matr ix. Where the andesite cuts the gran i te  dikes, i t  
contains numerous pale green veins o f  epidote. 

Shear zones which cu t  the quartz d i o r i t e  gneiss are long, narrow, 
sinuous zones o f  schist ,  containing pods o f  quartz and p y r i t e  o r  of quartz 
and feldspar. The shear zones are a few mi l l ime te rs  t o  1.5 meters wide 
and a few centimeters t o  60 meters long. They cu t  both the quartz d i o r i t e  
gneiss and the andesite. Schistose rocks i n  the shear zones a re  thoroughly 
r ec r ys ta l l i zed  and d isp lay  no ca tac las t i c  textures. A shear zone a t  the 
northwest corner o f  the outcrop i s  ca tac las t i c  and may have formed dur ing 
the l a t e  stages o f  shear deformation. Large, unsheared lenses i n  the 
shear zone give the appearance o f  having undergone spheriodal weathering. 

The three i n t r us i ve  rock un i t s  a t  Holcombe Dam a l l  contain r e l i c t  
igneous subhedral and euhedral feldspars , and a1 1 have metamorphically 
induced fabr ics ,  imparted dominantly by the mafic minerals. A l l  o f  the 
above mentioned rock un i t s  have p a r t i a l  l y  t o  thoroughly rec rys ta l  1 ized 
i n  the lower amphi bol  i t e  facies. 

Late hydrothermal a l t e ra t i on  occurred along f racture systems t o  a 
width o f  a few centimeters. I n  a l te red  zones, p lagioclase i s  a l t e red  t o  
s e r i c i t e  o r  saussuri te, and b i o t i t e  i s  converted t o  ch lo r i t e .  Quartz i s  
p a r t i a l  l y  replaced by a1 b i t e  and/or ca l c i t e ,  and hornblende has over- 
growths of pale a c t i n o l i t e .  This type of hydrothermal a1 t e r a t i o n  could 
be produced by hydrogen metasomatism along w i t h  the in t roduc t ion  o f  Na20 
and CO,. 

STRUCTURAL GEOLOGY : 

A summary o f  deformations which affected rocks i n  the Holcombe area 
i s  presented i n  Table 11. The only rock showing a l l  the f o l d  deformations 
i s  the banded gneiss a t  the Fisher River. 

F f o l d i ng  produced a dominantly east-west f o l i a t i on ,  S . The quartz 
d i o r i t i  a t  Holcombe Dam shows an east-west f o l i a t i on ,  bu t  there are no F 
fo lds.  This suggests i n t r us i on  o f  the quartz d i o r i t e  dur ing the F1 event. 

S f o l i a t i o n  i n  the quartz d i o r i t e  gneiss was fo lded dur ing FÃ fo ld ing.  
F f o i l s  are t i g h t  t o  i s o c l i n a l  fo lds  i n  fo l i a t ion ,  compositional l ayer ing  
a d  i n  f e l s i c  veins. F f o l d i ng  occurred a t  a Ion, obl ique angle t o  F f o l d  
trends and produced moderate t o  steep (60-80Â° wester ly p l  unging 1 i neah  om.  
Granite in t rus ives  and the hypabyssal andesi t e  d isp lay  east-northeast 
f o l i a t i o n s  and steep t o  moderate 1 ineations, suggesting t h a t  they were i n -  
truded during the F2 event. 

During F fo ld ing,  f o l i a t i o n  and f o l d  ax i a l  planes i n  the gneissic 
rocks a t  ~o lc&nbe were broadly warped along a steeply d ipping north-south 
axis. A t  Holcombe Dam, the ax ia l  planes o f  F2 fo lds,  and metasomatic bands 
of gran i te  were affected by the Fg event. 
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TABLE 11

D1

F1
Isoclinal folds

S1
£

Penetrative
foliation and
lithologic layer-
ing trending E-W

Penetrative
foliation
trending E-W

L1
Penetrative fold
axis and mineral
1 ineations

•

F2

Tight to lsoclin-
al folds, folding
F1, and L

Tight to
isoclinal folds
folding S1

£

Penetrative
lineatlons in
granite and andes-
Ite

F3
Broad
along

warping
N-S trend

Broad
along

warping
N-S trend

Folding of 54
and shearing fonu
rootless folds

Shear zones cross-
cut all rock units
at N7OE. Late cata-
clastic shearing.

Schistosity and
Compositional
layering, N7OE

Penetrative
lineation at
about 400 Sw

Penetrative
lineation at
about 400 SW

Faulting
discrete
at P150W

along
planes

and P120W

Faulting
discrete
at P150W

along
planes

and N2OW

Faulting
discrete
at P150W

along
planes

and P120W

Late
along

faulting
S4 planes

at N7OE

TABLE 11 

Banded Gneiss- Quartz D i  o r i  t e  
Fisher River Gnei ss-Ho1 combe 

- -  

Isocl inal  folds 
F l  . 

Penetrative Penetrative 
f o l  ia t ion 

Penetrative fo ld  

L axis and mineral 
1 ineations 

Tight to Isocl in- Tight to 
a1 folds, folding Isocl inal  folds 

F2 Fl,Sl,andLl foldingSl 

1 % '  Penetrative 

I lineations i n  
granite and andes- 

I I life . 

Broad warping Broad warping 
along N-S trend along N-S trend 

Shear zones cross- 
cut a l l  rock uni ts 
a t  N70E. Late cataa 
c l a s t i c  shearing, 

Penetrative 
l lneation a t  
about 40Â SW 

Faul ti ng a1 ong Faulting a1 ong 
discrete planes discrete p l  anes 
a t  N50W and N20W a t  N50W and N2W 

Amphibol Ite Schist 
-Chippewa River I 

Folding o f  S4 
and shearing form 
rootless folds 

Schistosi t y  and 
Compositional 
1 &yering, WOE 

Penetrative 
l ineat ion a t  
about 40Â SW 

Faul t i ng  a1 ong 
discrete p l  anes 
a t  N50W and N20W 

Late fault ing 
along 84 planes 
a t  N70E 
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An extensive period of shearing affected the quartz diorite gneiss
and intrusives. A series of small shear zones formed in the gneiss,
coincident with the formation of the amphibolite schist along the Chippewa
River. The amphibolite schist displays all the same structural charac-
teristics as the smaller shear zones in the quartz diorite gneiss. For
this reason, the amphibolite schist is interpreted to represent a major
shear zone which crosscuts the area. Shear zones in the area trend N7OE
and have lineations which average 400 Sw. A linear negative aeromagnetic
anomaly which trends N7OE across the area is probably a result of this
major shear zone.

The final phases of deformation produced brittle faulting through-
out the area. Faults trending N5OW offsets all other structural features
in the area (Figure 63). These faults display both right and left lateral
strike separation, although right lateral offset is dominant.

Figure 63 -- NW-trending fault off-
sets of granitic dikes. Dike in fore-
ground is about 2 feet wide.

An extensive period of shearing affected the quartz d ior i te  gneiss 
and  intrusives. A series of small shear zones formed i n  the gneiss, 
coincident with the formation of the amphibolite sch i s t  along the Chippewa 
River. The amphibolite schis t  displays a l l  the same structural charac- 
t e r i s t i c s  as the smaller shear zones i n  the quartz d io r i t e  gneiss. For 
this  reason, the amphibolite schis t  is interpreted to  represent a major 
shear zone which crosscuts the area. Shear zones i n  the area trend N70E 
and have lineations which average 40Â SW. A l inear  negative aeromagnetic 
anomaly which trends N70E across the area i s  probably a result of this 
major shear zone. 

The final phases of deformation produced b r i t t l e  faulting through- 
out the area. Faults trending N50W offsets a l l  other structural features 
i n  the area (Figure 63). These faul ts  display both r ight  and l e f t  l a te ra l  
s t r ike  separation, a1 though r ight  la teral  of fse t  i s  dominant. 

Figure 63 -- NW-trending f au l t  off- 
s e t s  of grani t ic  dikes. Dike i n  fore- 
ground is about 2 feet  wide. 
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PRELIMINARY REPORT: ON THE GEOLOGY OF THE JUMP RIVER VALLEY

LOCATION:

AUTHOR:

DATE:

Jump River valley from Big Falls County Park in Price County to
the east end of Holcombe Flowage in northeastern Chippewa County.

March, 1980

SUMMARY OF FEATURES:

Intermediate to basic flows and fragmental volcanic rocks crop out along
the Jump River and its tributary valleys. Coarse volcanic blocks and a plagio-
clase porphyritic felsite flow are associated with a volcanic center east of
the village of Jump River. Several granitic plutons appear to form an intrusive
belt immediately south of the Jump River. One of the plutons is tonalitic in
composition and was emplaced before deformation but the granitic plutons are
late or post kinematic.

INTRODUCTION:

Geologic mapping along the Jump River and tributary streams in southwest
Price, southeast Rusk and northeast Chippewa Counties was completed in the
summer of 1979. The mapped area extends from 3 miles east of Big Falls County
Park in Price County, west, to Holcombe Flowage in northeastern Chippewa County.
Searches for outcrops were carried out on the North and South Forks of the
Jump River, Levitt Creek, Shoulder Creek and Main Creek; all tributaries of
the Jump River. Localized searches for outcrops were carried out on the Little
Jump River and the upper reaches of the North Fork of the Jump River and Main

M.L. Cummings

TITLE: PRELIMINARY REPORT ON THE GEOLOGY OF THE JUMP RIVER VALLEY 

LOCATION: Jump River valley from Big Falls County Park i n  Price County t o  
the east  end of Hol combe Flowage i n  northeas tern Chippewa County. 

AUTHOR: M. L . Cummi ngs 

DATE: - March, 1980 

SUMMARY OF FEATURES : 

Intermediate t o  basic flows and fragmental volcanic rocks crop out along 
the Jump River and i ts  t r ibutary valleys. Coarse volcanic blocks and a plagio- 
clase porphyritic f e l s i t e  flow are  associated w i t h  a volcanic center eas t  of 
the vil lage of Jump River. Several grani t ic  plutons appear to  form an intrusive 
be l t  immediately south of the Jump River. One of the plutons is tona l i t i c  i n  
composition and was emplaced before deformation b u t  the grani t ic  plutons a re  
l a t e  or post kinematic. 

INTRODUCTION : 

Geologic mapping along the Jump River and t r ibutary streams i n  southwest 
Price, southeast Rusk and northeast Chippewa Counties was completed i n  the 
summer of 1979. The mapped area extends from 3 miles eas t  of Big Fa1 1s County 
Park i n  Price County, west, t o  Holcombe Flowage i n  northeastern Chippewa County. 
Searches for  outcrops were carried out on the North and South Forks of the 
Jump River, Levi tt Creek, Shoulder Creek and Main Creek; a l l  t r ibu tar ies  of 
the Jump River. Localized searches fo r  outcrops were carried out on the L i t t l e  
Jump River and the upper reaches of the North Fork of the Jump River and Main 
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ree•.. The search for outcrops centered on streams that have head—waters
north of Highway 3 since these streams served as major channels for melt—water
during deglaciation of the area (personal comunication, Adam Cahow, 1979) and
thus were niore probably scoured to bedrock than other streams in the area.

This report is based primarily on field relations and hand sample descrip-
tions. Thin section studies have been completed on some samples but are not
available for all samples. Further thin section study, chemical analyses
and structural analysis are presently underway.

PREVIOUS WORK:

The geology of the Jump River valley has been reported only briefly in
the literature. The area northwest of the study area was included in a map
for a discussion of the Flambeau Copper Deposit at Ladysmith (May, 1977) but
the discussion of the rock units was limited to the regional geology section
of the paper. A field trip stop description was included in the guidebook
for the 1979 meeting of the Institute on Lake Superior Geology by LaBerge
(1979) for Big Falls County Park at the eastern end of the present study area.
Wurdinger (1979, 1980) and Myers, (1974, 1980) have mapped southwest of the
study area along the Chippewa River Valley.

ROCK UNITS:

The volcanic rocks along the Jump River have been tentatively divided
into 1) mafic to intermediate flows and 2) basic to intermediate fragmental
volcanics (Figure 64).

Two areas of mafic and intermediate flows have been identified. The first
underlies the area of the Jump River Valley west of the confluence of the North
and South Forks of the Jump River to 4½ miles east of the village of Jump River.
The second area lies southeast of the village of Sheldon along Shoulder Creek
and west along the Jump River for 2 miles.

The fragmental volcanic rocks crop out along the South Fork of the Jump
River near Big Falls County Park in Price County and from 4½ miles east of
the village of Jump River to approximately 3 miles east of the village of
Sheldon. A coarse fragmental unit occurs immediately east of the village of
Jump River and appears to represent an explosive volcanic center.

Since the Jump River flows approximately parallel to the strike of lithologic
units, the stratigraphic thickness exposed along the river is not great. It
would appear that for the area east of Sheldon the fragmental volcanic units
are underlain by basic flows. The fragmental volcanic units may extend west
of Sheldon as fine-grained crystal tuffs that are overlain by intermediate flows
however a possible fault east of Sheldon provides some ambiguity to this inter-
pretation. In general, It appears that basaltic flows are overlain by inter-
mediate to mafic fragmental volcanic rocks that were deposited from a volcanic
center in the area east of the village of Jump River and this in turn was
buried by intermediate flows, lop indicators in the fragmental units indicate
that the stratigraphic section is overturned with tops facing south. Thus the
proposed stratigraphic sequence is southward younging sequence.

The basic volcanics at the proposed lowest stratigraphic level of the exposed
volcanic pile are massive with locally developed amygdaloidal zones. The flows

r e o ;  . The search f o r  outcrops centered on streams t h a t  have head-waters 
n o r t h  o f  Highway 8 since these streams served as major channels f o r  melt-water 
during degl ac ia t ion o f  the area (personal communication, Adam Cahow, 1979) and 
thus were more probably scoured t o  bedrock than other streams i n  the area. 

This repor t  i s  based p r imar i l y  on f i e l d  re la t ions  and hand sample descrip- 
t ions.  Thin section studies have been completed on some samples bu t  are no t  
avai lable for  a1 1 samples. Further t h i n  sect ion study, chemical analyses 
and s t ruc tu ra l  analysis are present ly underway. 

PREVIOUS WORK: 

The geology o f  the Jump River va l ley  has been reported on ly  b r i e f l y  i n  
the l i t e r a t u r e .  The area northwest o f  the study area was included i n  a map 
f o r  a discussion o f  the Flambeau Copper Deposit a t  Ladysmith (May, 1977) bu t  
the discussion o f  the rock u n i t s  was l i m i t e d  t o  the regional geology sect ion 
o f  the paper. A f i e l d  t r i p  stop descr ip t ion was included i n  the guidebook 
f o r  the 1979 meeting o f  the I n s t i t u t e  on Lake Superior Geology by LaBerae 
(1979) f o r  B ig  F a l l s  County Park a t  the eastern end of the present study area. 
Wurdinger (1979, 1980) and Myers, (1974, 1980) have mapped southwest o f  the 
study area along the Chippewa River Valley. 

ROCK UNITS: 

The volcanic rocks along the Jump River have been t en ta t i ve l y  d iv ided 
i n t o  1)  mafic t o  intermediate f lows and 2) basic t o  intermediate fragmental 
volcanics (Figure 64). 

Two areas o f  mafic and intermediate flows have been i den t i f i ed .  The f i r s t  
underl ies the area o f  the Jump River Val ley west o f  the confluence o f  the North 
and South Forks o f  the Jump River t o  4% mi les east o f  the v i l l a g e  o f  Jump River. 
The second area 1 i e s  southeast o f  the v i l l a g e  o f  Sheldon along Shoulder Creek 
and west along the Jump River f o r  2 miles. 

The fragmental volcanic rocks crop out  along the South Fork o f  the Jump 
River near B ig  F a l l s  County Park i n  Pr ice County and from 4  ̂ mi les east of 
the v i l l a g e  o f  Jump River t o  approximately 3 mi les east o f  the v i l l a g e  o f  
Sheldon. A coarse fragmental u n i t  occurs immediately east o f  the v i l l a g e  o f  
Jump River and appears t o  represent an explosive vol canic center. 

Since the Jump River flows approximately p a r a l l e l  t o  the s t r i k e  of l i t h o l o g i c  
uni ts,  the s t ra t ig raph ic  thickness exposed along the r i v e r  i s  no t  great. It 
would appear t h a t  f o r  the area east o f  Sheldon the fragmental volcanic u n i t s  
are underlain by basic flows. The fragmental volcanic u n i t s  may extend west 
of Sheldon as f ine-grained c r ys ta l  t u f f s  t ha t  are over la in  by intermediate f lows 
however a possib le f a u l t  east o f  Sheldon provides some ambiguity t o  t h i s  i n t e r -  
pretat ion.  I n  general, i t  appears t h a t  basal t i c  f lows are over la in  by i n t e r -  
mediate t o  mafic fragmental volcanic rocks t h a t  were deposited f r o m  a volcanic 
center i n  the area east o f  the v i l l a g e  o f  Jump River and t h i s  i n  t u rn  was 
bur ied by intermediate flows. Top ind ica to rs  i n  the fragmental u n i t s  i nd i ca te  
t ha t  the s t ra t ig raph ic  sect ion i s  overturned w i t h  tops facing south. Thus the 
proposed s t ra t ig raph ic  sequence 1 s southward younging sequence. 

The basic volcanics a t  the proposed lowest s t r a t i g raph i c  l eve l  o f  the exposed 
vol canic p i  1 e are massive w i t h  1 ocal l y  developed amygdal o ida l  zones. The f 1 ows 
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Figure 64 -- Geologic Map of the Jump River area. 
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are fine-grained and weakly schistose but locally a well developed schistosity
is found to coincide with late shear zones. The mineralogy of the units in-
cludes actinolitic-hornblende, plagioclase, epidote and locally chlorite.

Overlying the basaltic flows are fragmental intermediate to basic volcanics.
The units include crystal and crystal-lithic tuffs and lapilli-sized to block-
sized fragmental units. The coarsest fragment sizes occur from immediately
east of the village of Jump River (Stop 16) to 2 miles up river. Apparently
this area Is near an irruptive center since lithic blocks to 1 foot In diameter
are found locally. The size of lithic fragments decreases and the ratio of
crystal fragments to lithic fragments increases away from the volcanic center.
Fine—grained bedded tuffs and ash beds occur interbedded with coarse fragmental
beds in the area of the volcanic center. Coarse clasts of volcanic debris
apparently fell into the accumulating fine grained materials allowing deter-
mination of the stratigraphic top for the volcanic pile. Such top indicators
have been found in the area of the coarsest fragmental rocks and in crystal-
lithic tuffs away from the volcanic center. In each case the top of the
volcanic pile is south facing and is overturned. Sulfide mineralization up to
10 volume percent (estimated in hand sample) is particularly common in the
fragmental units, locally defining sulfide-rich beds. A porphyritic felsic
flow also occurs In the area of the volcanic center along with intermediate
flows. The felsic flow contains plagioclase phenocrysts in a fine—grained
matrix and may be flow banded (Stop 17.). The felsic flow is the only felsic
unit found in the study area.

The volcanic center may represent a collapsed submarine caldera complex
in which the coarse fragmental units represent part of the rims of the caldera.
The center of the caldera was filled by intermediate flows and Intermediate to
felsic fragmental rocks. The felsic rocks in the area may represent a rhyolitic
dome developed during caldera resurgence producing the dome and supplying
felsic pyroclastic material to the caldera complex.

The area south of Sheldon on Shoulder Creek is underlain by an intermediate
prominently porphyritic flow unit that apparently overlies the fragmental unit.
West of Sheldon and apparently stratigraphically underlying the flow unit are
fine grained intermediate crystal tuffs that may be the westward extension of
the crystal and crystal-lithic tuffs found to the east. A fault occurs, east
of Sheldon and may have displaced units in the area but the nature and extent
of movement on the fault is not known. Locally along Shoulder Creek inter-
mediate to felsic tuffs appear to be interlayered with the intermediate flows
(Stop 15) suggesting coeval eruption of flows and pyroclastics.

Throughout the volcanic sequence of strike of bedding in fragmental units
and contacts between units ranges from N5OE to N75E. The strike of units in
the area of the volcanic center are more irregular.

INTRUSIVE UNITS:

The intrusives (Figure 64) in the Jump River Valley are poorly exposed and
are represented by small outcrops, in cases only one outcrop is known for a
pluton. The most extensively exposed intrusive crops out at, and to the east
of, Big Falls County Park in Price County. A second occurs southeast of the
village of Jump River and is best exposed on a tributary of Levitt Creek. The

are f ine-grained and weakly schistose but  l o c a l l y  a we1 1 developed sch is tos i  t y  
i s  found t o  coincide w i th  l a t e  shear zones. The mineralogy of the un i t s  i n -  
cludes act inol i t ic-hornblende, plagioclase, epidote and l o c a l l y  ch lo r i t e .  

Overlying the basal t i c  f lows are fragmental intermediate t o  basic vol  canics . 
The un i t s  include c r ys ta l  and c rys ta l  -1 i t h i c  t u f f s  and 1 a p i l l i - s i z e d  t o  block- 
sized fragmental uni ts.  The coarsest fragment sizes occur from immediately 
east of the v i l l a g e  of Jump River (Stop 16) t o  2 mi les up r i v e r .  Apparently 
t h i s  area i s  near an i r r u p t i v e  center since l i t h i c  blocks t o  1 f o o t  i n  diameter 
are found l oca l l y .  The s ize  o f  l i t h i c  fragments decreases and the r a t i o  o f  
c rys ta l  fragments t o  li t h i c  fragments increases away from the volcanic center. 
Fine-grained bedded t u f f s  and ash beds occur interbedded w i t h  coarse fragmental 
beds i n  the area o f  the volcanic center. Coarse c las ts  o f  volcanic debris 
apparently f e l l  i n t o  the accumulating f i n e  grained mater ia ls a1 lowing deter- 
mination o f  the s t ra t ig raph ic  top f o r  the volcanic p i l e .  Such top ind icators  
have been found i n  the area o f  the coarsest fragmental rocks and i n  c rys ta l -  
l i t h i c  t u f f s  away from the volcanic center. I n  each case the top o f  the 
volcanic p i l e  i s  south fac ing and i s  overturned. Sulf ide minera l iza t ion up t o  
10 volume percent (estimated i n  hand sample) i s  p a r t i c u l a r l y  common i n  the 
fragmental un i ts ,  1 ocal l y  def in ing sul  f i de - r i ch  beds. A po rphy r i t i c  fe l  s i c  
f low a lso occurs i n  the area o f  the volcanic center along w i t h  intermediate 
flows. The f e l  s i c  f low contains p l  agiocl  ase phenocrysts i n  a fi ne-grained 
mat r i x  and may be f low banded (Stop 17). The f e l s i c  f l ow i s  the only f e l s i c  
u n i t  found i n  the study area. 

The volcanic center may represent a c o l l  apsed submarine caldera complex 
i n  which the coarse fragmental un i t s  represent p a r t  o f  the r ims o f  the caldera. 
The center o f  the caldera was f i l l e d  by intermediate f lows and intermediate t o  
f e l s i c  fragmental rocks. The f e l s i c  rocks i n  the area may represent a r h y o l i t i c  
dome developed during caldera resurgence producing the dome and supplying 
f e l  s i c  py roc las t i c  mater ia l  t o  the caldera complex. 

The area south o f  Sheldon on Shoulder Creek i s  under la in by an intermediate 
prominently po rphy r i t i c  f low u n i t  t h a t  apparently over1 i e s  the fragmental un i t .  
West o f  Sheldon and apparently s t r a t i g raph i ca l l y  underlying the f low u n i t  are 
f i n e  grained intermediate c r ys ta l  t u f f s  t ha t  may be the westward extension o f  
the c r ys ta l  and c r y s t a l - l i t h i c  t u f f s  found t o  the east. A f a u l t  occurs east 
o f  Sheldon and may have displaced un i t s  i n  the area bu t  the nature and extent  
o f  movement on the f a u l t  i s  no t  known. Loca l ly  along Shoulder Creek i n t e r -  
mediate t o  f e l s i c  t u f f s  appear t o  be in ter layered w i t h  the intermediate flows 
(Stop 15) suggesting coeval erupt ion o f  f lows and pyrocl  as t i cs  . 

Throughout the volcanic sequence o f  s t r i k e  o f  bedding i n  fragmental u n i t s  
and contacts between un i t s  ranges from N50E t o  N75E. The s t r i k e  o f  u n i t s  i n  
the area o f  the volcanic center are more i r r egu la r .  

INTRUSIVE UNITS: 

The in t rus ives  (Figure 64) i n  the Jump River Val ley are poor ly  exposed and 
are represented by small outcrops, i n  cases only one outcrop i s  known f o r  a 
pluton. The most extensively exposed i n t r u s i v e  crops out  a t ,  and t o  the east 
of,  B ig  Fa l l s  County Park i n  Pr ice County. A second occurs southeast o f  the 
v i l l a g e  o f  Jump River and i s  best  exposed on a t r i b u t a r y  o f  L e v i t t  Creek. The 
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same pluton intrudes volcanic units at the wayside park in Jump River. A
third intrusive is known by only 2 or 3 small outcrops in a wooded area about
½ mile south of Shoulder Creek along County highway H. A fourth intrusive
crops out along Main Creek north of the Jump River. The intrusives are
granitic and have variable mineralogies and textures. A fifth pluton is exposed
in low outcrops south of the Jump River on Shoulder Creek. The intrusive is
tonalitic. Unmetamorphosed basalt dikes crop out in the area and generally
strike N7OE.

The pluton at Big Falls County Park is a massive pink quartz monzonite
cut byminor aplitic and pegmatitic dikes. The intrusive has also been des-
cribed by LaBerge (1979). The pluton contains subhedral grains of plagioclase,
anhedral orthoclase, quartz and biotite. The plagioclase grains contain sub-
hedral epidote; chlorite is interlayered with biotite suggesting that the pluton
has been metamorphosed. Locally the rock has a weak foliation but in general
metamorphic fabric is weakly developed. A well developed shear zone cuts the
intrusive in the park area (will be discussed below). One mile west of the
park the quartz monzonite is in intrusive contact with the volcanic rocks
and contact metamorphic effects are observed in the volcanics.

The pluton exposed along Levitt Creek appears to be more granitic in
composition. Thin sections of the unit indicate k-feldspar greater than
plagioclase. The plagioclase occurs as small grains in the k-feldspar.
Muscovite occurs interstitially to feldspars and quartz and appears to be of
igneous origin. Fine sericite replaces k-feldspar near sericitic microshears.
Chloritized biotite is prominent in the microshears and to a lesser extent in
the fresh rock. Hand samples of the intrusive in areas that indicate little
deformation contain more biotite.

The pluton south of Shoulder Creek has not been studied in thin section
at this time. The granitic intrusive contains small zenoliths of volcanic
rocks. A.fabric due to metamorphism is not present or is weakly developed.
Outcrops are small and difficult to find.

The pluton exposed along Main Creek is a quartz monzonite characterized
by granophyric intergrowths developed on subhedral plagioclase grains. The
feldspars are red colored due to fine hematite inclusions and alteration of
the pluton is locally intense. Epidote is a corrwon alteration mineral.
Outcrops of volcanic rocks are known within a mile both southeast and north-
west of the intrusive outcrops on Main Creek.

The tonalitic intrusive is not only unique in its composition but also
in its strong foliated fabric. Outcrops are low, flat and smooth and have
been found in only one area along Shoulder Creek. Hand samples indicate biotite
and plagioclase are the main minerals while quartz is apparently minor.. Thin
section study has not been initiated. The intrusive is clearly pre—kinematic.
Contacts with other intrusive rocks havenot been found and so the relation
of the tonalite and quartz monzonite intrusives in the area is not known but
textural relations and the differences in foliation suggests that the tonalite
intrusive is earlier than the quartz monzonite intrusives.

same pluton intrudes volcanic un i t s  a t  the wayside park i n  Jump River. A 
t h i r d  i n t r us i ve  i s  known by only 2 o r  3 small outcrops i n  a wooded area about 
h mi le  south o f  Shoulder Creek along County highway H. A four th  i n t r us i ve  
crops out  along Main Creek north of the Jump River. The in t rus ives  are 
g r a n i t i c  and have var iable mineralogies and textures. A f i f t h  p lu ton i s  exposed 
i n  low outcrops south of the Jump River on Shoulder Creek. The i n t rus i ve  i s  
tonal i t i c .  Unmetamorphosed basal t  dikes crop out i n  the area and general ly 
s t r i  ke N70E. 

The pluton a t  B ig  Fa l l s  County Park i s  a massive pink quartz monzonite 
cut  by minor ap1 i t i c  and pegmati t i c  dikes. The i n t rus i ve  has also been des- 
c r i  bed by LaBerge (1979). The p i  uton contains subhedral grains o f  p l  agiocl  ase , 
anhedral orthoclase, quartz and b i o t i t e .  The plagioclase grains contain sub- 
hedral epidote; c h l o r i t e  i s  in ter layered w i t h  b i o t i t e  suggesting t h a t  the p l  uton 
has been metamorphosed. Local ly  the rock has a weak f o l i a t i o n  bu t  i n  general 
metamorphic f ab r i c  i s  weakly developed. A wel l  developed shear zone cuts the 
i n t rus i ve  i n  the park area ( w i l l  be discussed below). One mi le  west o f  the 
park the quartz monzonite i s  i n  i n t r us i ve  contact w i th  the volcanic rocks 
and contact metamorphic e f fec ts  are observed i n  the volcanics. 

The pluton exposed along Levi tt Creek appears t o  be more g r a n i t i c  i n  
composition. Thin sections o f  the u n i t  i nd ica te  k-feldspar greater than 
plagioclase. The p l  agioclase occurs as small grains i n  the k-fel dspar. 
Muscovite occurs i n t e r s t i t i a l l y  t o  feldspars and quartz and appears t o  be of 
igneous o r ig in .  Fine s e r i c i  t e  rep1 aces k-fel dspar near s e r i c i  t i c  m i  croshears . 
Ch lo r i t i zed  b i o t i t e  i s  prominent i n  the microshears and t o  a lesser  extent  i n  
the f resh rock. Hand samples o f  the i n t rus i ve  i n  areas t h a t  ind ica te  l i t t l e  
deformation contain more b i o t i t e .  

The pluton south o f  Shoulder Creek has not  been studied i n  t h i n  sect ion 
a t  t h i s  time. The g r a n i t i c  i n t r us i ve  contains small zenol i ths  o f  volcanic 
rocks. A. f ab r i c  due t o  metamorphism i s  no t  present o r  i s  weakly developed. 
Outcrops are small and d i f f i c u l t  t o  find. 

The p i  uton exposed a1 ong Main Creek i s  a quartz monzoni t e  characterized 
by granophyri c intergrowths developed on subhedral p l  agiocl  ase grains . The 
feldspars are red colored due t o  f i n e  hematite inclusions and a l t e r a t i o n  o f  
the pluton i s  l o c a l l y  intense. Epidote i s  a common a l t e r a t i o n  mineral. 
Outcrops o f  volcanic rocks are known w i t h i n  a m i le  both southeast and north-  
west o f  the i n t rus i ve  outcrops on Main Creek. 

The t o n a l i t i c  i n t r us i ve  i s  not  only unique i n  i t s  composition bu t  a lso 
i n  i t s  strong f o l i a t e d  fabr ic .  Outcrops are low, f l a t  and smooth and have 
been found i n  on ly  one area along Shoulder Creek. Hand samples ind ica te  b i o t i t e  
and plagioclase are the main minerals whi le  quartz i s  apparently minor. Thin 
section study has not  been i n i t i a t e d .  The i n t rus i ve  i s  c l e a r l y  pre-kinematic. 
Contacts w i t h  other i n t r us i ve  rocks have not been found and so the r e l a t i o n  
o f  the tonal  i t e  and quartz monzoni t e  in t rus ives  i n  the area i s  n o t  known bu t  
tex tu ra l  re la t ions  and the differences i n  f o l i a t i o n  suggests t h a t  the t o n a l i t e  
i n t r us i ve  i s  e a r l i e r  than the quartz monzonite in t rus ives.  
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STRUCTURAL FEATURES:

The structural elements of the area are both continuous and discontinuous.
The main continuous structural element is schistosity. Commonly schistosity
is found to be parallel to compositional banding, contacts and bedding in the
volcanics. The schistosity in the tonalitic intrusive discussed above is sub-
parallel to the schistosity in the volcanics. Schistosity is locally influenced
by faults and younger shear zones and also appears to be warped by large open
folds.

The schistosity associated with discontinuous structural elements cross-
cuts earlier schistosity and is often relateI to local shear zones and/or
faults. Important fault zones have been identified in 3 areas, 1) Big Falls
County Park, 2) east of the village of Jump River, and 3) east of Sheldon.
In each case the fault zone is associated with strong disruption of earlier
formed textures and fabrics.

At Big Falls the fault has produced a significant zone of myonite which
has subsequently been recrystallized. The best exposed development of the
mylonite is on the south side of the river in a nearly continuous group of
outcrops. In the outcrops the progressive development from unsheared quartz
monzonite to mylonite to unsheared quartz monzonite occurs in a distance of
about 500 feet. The quartz monzonite on either side of the fault appears to
be the same rock unit.

The fault east of the village of Jump River is spectacularly exposed in
the south bank of the river. The volcanics are intensely folded locally and
a possible large drag fold occurs in the volcanic tuffs at the site. The fault
area is also the site of an old copper mine. The geology of the fault zone is
not clearly understood and will be investigated in thin sections and by analysis
of structural data from the site.

The fault that occurs south of Sheldon is poorly exposed in the bed of
the Jump River. Small outcrops in the middle of the river are strongly de-
formed and considerable alteration occurs in the volcanic along the shore
but the fault itself is not exposed above water even during periods of low
stream flow.

The sense of displacement or magnitude of displacement for the three major
north to northeast trending fault structures are not known. However, in all
cases the faults do not form boundaries between different lithologic units or
are characterized by a change in metamorphic grade across the fault zone.

DISCUSSION:

The following discussion is based on field work and limited thin section
and chemical study and is therefore preliminary in nature and subject to re-
vision. The intent is to stimulate discussion on the problems raised so as to
improve interpretation of the geology of the Jump River Valley.

The geologic evolution of the Jump River valley must be viewed in terms
of the location and nature of the boundary between the Chippewa amphibolite

STRUCTURAL FEATURES: 

The s t ruc tu ra l  elements o f  the area are both continuous and discontinuous. 
The main continuous s t ruc tu ra l  element i s  sch is tos i ty .  Commonly sch is tos i  ty 
i s  found t o  be pa ra l l e l  t o  compositional banding, contacts and bedding i n  the 
vol canics. The schistosi  t y  i n  the tonal i t i c  i n t r us i ve  discussed above i s  sub- 
pa ra l l e l  t o  the sch is tos i  t y  i n  the volcanics. Schistosi ty i s  l o c a l l y  inf luenced 
by fau l ts  and younger shear zones and also appears t o  be warped by large open 
fo lds  . 

The sch is tos i  t y  associated w i th  discontinuous s t ruc tu ra l  elements cross- 
cuts e a r l i e r  sch is tos i t y  and i s  o f ten re la ted  t o  loca l  shear zones and/or 
faul ts.  Important f a u l t  zones have been i den t i f i ed  i n  3 areas, 1)  B ig  Fa l l s  
County Park, 2) east o f  the v i l l a g e  o f  Jump River, and 3) east o f  Sheldon. 
I n  each case the f a u l t  zone i s  associated w i t h  strong d isrupt ion of e a r l i e r  
formed textures and fabr ics.  

A t  Big Fa l l s  the f a u l t  has produced a s i gn i f i can t  zone o f  myonite which 
has subsequently been recrys t a l l  i zed. The best exposed development o f  the 
myloni t e  i s  on the south s ide o f  the r i v e r  i n  a near ly continuous group of 
outcrops. I n  the outcrops the progressive development from unsheared quartz 
monzoni t e  t o  myloni t e  t o  unsheared quartz monzoni t e  occurs i n  a distance o f  
about 500 feet. The quartz monzonite on e i t h e r  side o f  the f a d  t appears t o  
be the same rock un i t .  

The f a u l t  east o f  the v i l l a g e  o f  Jump River i s  spectacularly exposed i n  
the south bank o f  the r i ve r .  The volcanics are in tensely  folded l o c a l l y  and 
a possible large drag f o l d  occurs i n  the volcanic t u f f s  a t  the s i t e .  The f a u l t  
area i s  a lso the s i t e  o f  an o l d  copper mine. The geology of the f a u l t  zone i s  
not  c l ea r l y  understood and w i l l  be invest igated i n  t h i n  sections and by analysis 
o f  s t ruc tu ra l  data from the s i t e .  

The f a u l t  t h a t  occurs south o f  Sheldon i s  poor ly exposed i n  the bed o f  
the Jump River. Small outcrops i n  the middle o f  the r i v e r  are s t rongly  de- 
formed and considerable a l t e ra t i on  occurs i n  the volcanic along the shore 
but  the f a u l t  i t s e l f  i s  not  exposed above water even during periods o f  low 
stream flow. 

The sense o f  displacement o r  magnitude o f  displacement f o r  the three major 
north t o  northeast trending f a u l t  st ructures are not  known. However, i n  a l l  
cases the f a u l t s  do not  form boundaries between di f ferent  l i t h o l o g i c  un i t s  o r  
are characterized by a change i n  metamorphic grade across the f a u l t  zone. 

DISCUSSION: 

The fo l lowing discussion i s  based on f i e l d  work and l i m i t e d  t h i n  sect ion 
and chemical study and i s  therefore prel iminary i n  nature and subject t o  re-  
vision. The i n t e n t  i s  t o  st imulate discussion on the problems ra ised so as t o  
improve i n te rp re ta t i on  of the geology o f  the Jump River Val ley .  

The geologic evolut ion o f  the Jump River va l ley  must be viewed i n  terms 
o f  the loca t ion  and nature of the boundary between the Chippewa amphi bo l  i t e  
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complex to the south and the Flambeau volcani-sedimentary province to the north
of the Jump River. The boundary was originally placed at the Jump River by
Myers (1974) based on the location of gravity and aeromagnetic anamolies in
the area, however the nature of the boundary was not defined. Part of the
intent of the present study was to investigate the field evidence that might
shed light on the nature of the Jump River lineament (Myers, 1974) and to
attempt to define the nature of the boundary between the two major geologic
provinces in the west-central part of Wisconsin.

LaBerge (1979) pointed out that the lineament is expressed topographically,
in Bouguer anomaly patterns(Ervin and Haniuer, 1974) and on aeromagnetic maps
(Zietz, Karl, and Ostrom, 1978). The lineament has comonly been assumed to
be produced by a major fault zone (Cumings, 1975) and recently the Jump
River Fault has appeared in reports (Sims, Cannon, Mudrey, 1978).

From field relations the Jump River lineament may be shown to result from
contrasting geophysical characteristics of lithologles and the glacial history
of the area. The topographic expression of the lineament is evident in.stream
patterns in the area and by the valley of the Jump River. In the field the
course of the Jump River can be shown to be controlled by bedding in the
volcanic rocks along the river banks. The strong alignment of stream valleys
in a northeast-southwest direction is closely related to the glacial history
of the area (Cahow, personal coninunication, 1979). The Jump River and local
streams served as major flood channels for melt water during deglaclation of
the area in the process carving large valleys and scouring to bedrock in many
places. The valley of the Jump River is clearly larger than the river that
flows in the valley. Thus it would appear that the topographic expression of
the lineament may not be controlled by a major tectonic boundary but by the
influences exerted by glacial run-off and bedding structures In the volcanic
rocks of the present valley. The Bouguer anamoly map for the area shows a
distinct change in the gravity of the area across the Jump River Valley. The
gravity change may be due to the contrasting densities of volcanic rocks north
of the river and the belt of granitic plutons south of the river. It must be
emphasized that the granitic rocks can be shown to be intrusive into the vol-
canic rocks and are not in fault contact with the volcanics. The aeromagnetic
anomaly for the area can also be explained by contrasts between sulfide-bearing
tuffs and sulfide—free granitic rocks. The northeast strike of volcanic units
and the northeast trends of basalt dikes in the volcanic rocks would expectedly
produce some type of magnetic contrast to granitic rocks south of the river.
The Jump River lineament can thusly be explained by the geologic features in
the rocks and does not necessarily require a major tectonic boundary along the
Jump River to explain the observed geophysical and topographic features of
the linearnent.

The Jump River Fault Zone (Sims, Cannon and Mudrey, 1978) has also been
placed in the general study area, however the presence of a major fault zone
of significant displacement does not appear to be supporte.d by. field evidence.
It may be argued that the plutonic rocks south of the Jump River were intruded
along such a fault zone, this would require the fault to be Middle Precambrian
in age since the plutons along the Jump River are probably related to the
plutonic phase of the Penokean Orogeny. The development of a fault after
emplacement of the plutons is questionable since the plutons can clearly be
shown intrusive into the volcanics suggesting little post intrusive displace-
ment along the zone.

complex t o  the south and the Flambeau volcani-sedimentary province t o  the north 
of the Jump River. The boundary was o r i g i n a l l y  placed a t  the Jump River by 
Myers (1974) based on the locat ion o f  g rav i t y  and aeromagnetic anamolies i n  
the area, however the nature o f  the boundary was not  defined. Par t  o f  the 
i n t e n t  o f  the present study was t o  invest igate  the f i e l d  evidence t h a t  might ' 

shed l i g h t  on the nature o f  the Jump River lineament (Myers, 1974) and t o  
attempt t o  define the nature o f  the boundary between the two major geologic 
provinces i n  the west-central pa r t  o f  Wisconsin. 

LaBerge (1979) pointed out t ha t  the 1 ineament i s  expressed topographical ly , 
i n  Bouguer anomaly patterns (Ervin and Hammer, 1974) and on aeromagnetic maps 
(Z ie tz ,  Karl, and Ostrom, 1978). The lineament has commonly been assumed t o  
be produced by a major f a u l t  zone (Cunnings, 1975) and recent ly  the Jump 
River Faul t  has appeared i n  reports (Sims, Cannon, Mudrey, 1978). 

From f i e l d  re la t ions  the Jump River lineament may be shown t o  r e s u l t  from 
contrast ing geophysical character is t ics  o f  1 i tho1 ogies and the g lac ia l  h i  s tory  
o f  the area. The topographic expression of the lineament i s  evident i n  stream 
patterns i n  the area and by the va l l ey  of the Jump River. I n  the f i e l d  the 
course o f  the Jump River can be shown t o  be con t ro l led  by bedding i n  the 
volcanic rocks along the r i v e r  banks. The strong a1 ignment of stream val leys 
i n  a northeast-southwest d i r ec t i on  i s  c lose ly  re l a ted  t o  the g lac ia l  h i s to r y  
o f  the area (Cahow, personal communication, 1979). The Jump River and 1 ocal 
streams served as major f l ood  channels f o r  mel t  water dur ing deglaciat ion of 
the area i n  the process carving large val leys and scouring t o  bedrock i n  many 
places. The va l ley  o f  the Jump River i s  c l e a r l y  l a rge r  than the r i v e r  t h a t  
flows i n  the val ley.  Thus i t  would appear t h a t  the topographic expression o f  
the lineament may no t  be con t ro l led  by a major tec ton ic  boundary bu t  by the 
i n f l  uences exerted by g lac ia l  run-of f  and bedding s t ructures i n  the vol  cani c 
rocks o f  the present val ley. The Bouguer anamoly map for  the area shows a 
d i s t i n c t  change i n  the g rav i t y  o f  the area across the Jump River Valley. The 
g rav i t y  change may be due t o  the cont rast ing dens i t ies  o f  volcanic rocks nor th  
of the r i v e r  and the b e l t  of g r a n i t i c  plutons south of the r i ve r .  It must be 
emphasized t h a t  the g r a n i t i c  rocks can be shown t o  be i n t rus i ve  i n t o  the vol-  
canic rocks and are not  i n  f a u l t  contact w i t h  the volcanics. The aeromagnetic 
anomaly f o r  the area can also be explained by contrasts between sulfide-bearing 
t u f f s  and sul  f ide- f ree g r a n i t i c  rocks. The northeast s t r i k e  of volcanic u n i t s  
and the northeast trends of basal t  dikes i n  the volcanic rocks would expectedly 
produce some type o f  magnetic cont rast  t o  g r a n i t i c  rocks south of the r i v e r .  
The Jump River 1 ineament can thus ly  be explained by the geologic features i n  
the rocks and does not  necessari ly requi re  a major tec ton ic  boundary along the 
Jump River t o  explain the observed geophysical and topographic features o f  
the lineament. 

The Jump River Faul t  Zone (Sims, Cannon and Mudrey, 1978) has also been 
placed i n  the general study area, however the presence o f  a major f a u l t  zone 
of s i g n i f i c a n t  displacement does not  appear t o  be supported b y  f i e 1  d evidence. 
It may be argued t h a t  the p lu ton ic  rocks south of the Jump River were in t ruded 
along such a f a u l t  zone, t h i s  would requi re  the f a u l t  t o  be Middle Precambrian 
i n  age since the plutons along the Jump River are probably re la ted  t o  the 
p lu ton ic  phase o f  the Penokean Orogeny. The development o f  a f a u l t  a f t e r  
emplacement o f  the plutons i s  questionable since the plutons can c l e a r l y  be 
shown i n t rus i ve  i n t o  the vol canics suggesting 1 i t t l e  post i n t r us i ve  displace- 
ment along the zone. 
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An alternate hypothesis to expain the geologic history of the area is
that the Jump River Valley does not represent a major tectonic boundary but
represents normal plutonic activity during deformation of th volcanic rocks
in the Penokean Orogeny. The plutonic rocks may be interpreted as forming
a roughly linear belt of intrusives that is sub-parallel to the bedding and
possible fold structures in the volcanic rocks. The development of schistosity
parallel to bedding In the volcanics can be interpreted as suggesting north-
easterly trending major fold structures in the area if the schistosity is
axial planar to the folds. Thus the emplacement of plutons may have been
guided by the fold crests and troughs that had already developed in the
volcanics. Tonalitic intrusives were emplaced prior to deformation and the
same orientation of schistosity was imposed on the tonalite as on the volcanics.

In an attempt to further resolve the disputes over the significance of the
geology of the Jump River Valley a reconnaissance survey was undertaken in the
Gilman area along the Yellow River (Figure 64 ). The area contains metavol-
canic rocks that were metamorphosed under amphibolite facies conditions but some
primary volcanic structures are preserved. The local metamorphic grade may
have been influenced by intrusion of intermediate and gabbroic intrusives that
have well developed schistosity. Basalt dikes are unmetamorphosed and trend
northeasterly. Since the volcanic rocks still preserve primary textures they
are more similar to the volcanic rocks along the Jump River than the amphibolites
exposed along the Chippewa River at Jim Falls or the gneisses at Holcombe Dam
or Cornell. The similarity of the volcanic rocks to those exposed in the Jump
River Valley would argue against a major fault zone or tectonic boundary existing
between the Yellow River and the Jump River. The greater incidence of plutonic
rocks along the Yellow River may reflect proximity to the core of the Penokean
Orogenic belt rather than a different geologic province. Some of the questions
about the relation of the volcanic rocks in the Yellow and Jump River Valleys
will hopefully be resolved by major and minor element chemistry presently being
prepared. The possibility of finding outcrop areas between the two river valleys
is dampened by the expanseof swamps and apparently thick glacial drift that
lies between.

SUMMARY:

In sumary, several difficult and perplexing questions have been raised
about the nature of the boundary between the Chippewa Amphibolite complex and
the Flabeau volcani—sedimentary province by field studies In the Jump River
Valley. At present the available mapping, chemical and petrologic data are not
able to provide definitive answers. As further study of materials collected
from the area continues, new light may be shed on the issues. However, on the
basis of present information, a Jump River lineament may be reasonably accepted
as marking the differences in geophysical properties of volcanic and plutonic
rocks but not as a major tectonic break. The evidence in the field does not
appear to support a major Jump River Fault in the area.
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An a l ternate  hypothesis t o  expain the geologic h i s t o r y  of the area i s  
tha t  the Jump River Val ley does no t  represent a major tec ton ic  boundary bu t  
represents normal p lu ton ic  a c t i v i t y  during deformation o f  the volcanic rocks 
i n  the Penokean Orogeny. The p lu ton ic  rocks may be in terpreted as forming 
a roughly l i n e a r  b e l t  o f  i n t rus ives  t h a t  i s  sub-paral lel  t o  the bedding and 
possible fo ld  s t ruc tures i n  the volcanic rocks. The development o f  sch is tos i  ty  
pa ra l l e l  t o  bedding i n  the volcanics can be in terpreted as suggesting north- 
easter ly t rending major f o l d  structures i n  the area i f  the sch i s tos i t y  i s  
ax ia l  planar t o  the folds. Thus the emplacement o f  plutons may have been 
guided by the fo ld  crests  and troughs t h a t  had a1 ready developed i n  the 
vol canics. Tonal i t i c  in t rus ives  were emplaced p r i o r  t o  deformation and the 
same or ien ta t ion  of sch i s tos i t y  was imposed on the t o n a l i t e  as on the volcanics. 

I n  an attempt t o  fur ther resolve the disputes over the s ign i f icance of the 
geology o f  the Jump River Val ley a reconnaissance survey was undertaken i n  the 
Gilman area along the Yellow River (Figure 64 ). The area contains metavol- 
canic rocks t h a t  were metamorphosed under amphibol i t e  facies condit ions but  some 
primary volcanic s t ruc tures are preserved. The loca l  metamorphic grade may 
have been inf luenced by i n t r us i on  o f  intermediate and gabbroic in t rus ives  t ha t  
have we1 1 developed sch is tos i  ty. Basal t  dikes are unmetamorphosed and t rend 
northeasterly. Since the volcanic rocks s t i l l  preserve primary textures they 
are more s i m i l a r  t o  the volcanic rocks along the Jump River than the amphiboli tes 
exposed along the Chippewa River a t  Jim Fa l l s  o r  the gneisses a t  Holcombe Dam 
o r  Cornell. The s i m i l a r i t y  o f  the volcanic rocks t o  those exposed i n  the Jump 
River Val ley would argue against a major f a u l t  zone o r  tec ton ic  boundary ex i s t i ng  
between the Ye1 low River and the Jump River. The greater incidence o f  p lu ton ic  
rocks along the Yellow River may r e f l e c t  proximity t o  the core o f  the Penokean 
Orogenic b e l t  ra ther  than a d i f f e r e n t  geologic province. Some o f  the questions 
about the r e l a t i o n  o f  the volcanic rocks i n  the Yellow and Jump River Val leys 
w i l l  hopefu l ly  be resolved by major and minor element chemistry present ly  being 
prepared. The p o s s i b i l i t y  o f  f i nd i ng  outcrop areas between the two r i v e r  va l leys 
i s  dampened by the expanse o f  swamps and apparently t h i c k  g l a c i a l  d r i f t  t h a t  
1 i es between. 

SUMMARY: 

I n  summary, several d i f f i c u l t  and perplexing questions have been ra ised 
about the nature o f  the boundary between the Chippewa Amphibolite complex and 
the Flabeau volcani-sedimentary province by f i e l d  studies i n  the Jump River 
Valley. A t  present the ava i lab le  mapping, chemical and pe t ro log ic  data are not  
able t o  provide d e f i n i t i v e  answers. As f u r t he r  study o f  mate r ia l s  co l lec ted  
from the area continues, new 1 i g h t  may be shed on the issues. However, on the 
basis o f  present information, a Jump River 1 ineament may be reasonably accepted 
as marking the di f ferences i n  geophysical proper t ies  o f  volcanic and p lu ton ic  
rocks but  no t  as a major tec ton ic  break. The evidence i n  the f i e l d  does not  
appear t o  support a major Jump River Faul t i n  the area. 
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TITLE: INTERMEDIATE PORPHYRITIC FLOWS AND TUFFS

LOCATION: Shoulder Creek at Rusk County Highway H bridge. SW¼, SW¼,
Sec. 29, 1. 33N., R. 4W, Sheldon 7½ minute quadrangle

AUTHOR:

DATE:

M.L. Cuninings

March, 1980

SUMMARY OF FEATURES:

Intermediate porphyritic flows are interlayered with possible intermediate
fine-grained tuff. Local stretched phenocrysts and development of schistosity
appears to reflect late shearing. The rocks are cut by a northeast trending
basalt dike.

DESCRIPTION:

The valley of Shoulder Creek is subparallel to the valley of the Jump
River which is one mile north. Study of topographic maps suggests that Shoulder
Creek may have been a melt-water channel during deglaciation of the area and
may have formed a parallel channel to the Jump River. Shoulder Creek provides
several key exposures in the volcanic stratigraphy and intrusive history of
the Jump River Valley.

Several lithologic units crop out along a ½ mile length of Shoulder Creek.
The most prominent rock type is an intermediate porphyri tic flow. Phenocrysts
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TITLE : INTERMEDIATE PORPHYRITIC FLOWS AND TUFFS 

LOCATION: Shoulder Creek a t  Rusk County Highway H bridge. SWk, SW%, 
Sec. 29, T. 33N., R. 4W, Sheldon 7% minute quadrangle 

AUTHOR : M.L. Cumnings 

DATE : - March, 1980 

SUMMARY OF FEATURES: 

Intermediate po rphy r i t i c  f lows are in ter layered w i t h  possib le intermediate 
f ine-grained t u f f .  Local stretched phenocrysts and development o f  sch i s tos i t y  
appears t o  r e f l e c t  l a t e  shearing. The rocks are cu t  by a northeast t rend ing 
basa l t  dike. 

DESCRIPTION : 

The va l l ey  o f  Shoulder Creek i s  subparal le l  t o  the va l l ey  o f  the Jump 
River which i s  one m i l e  north. Study o f  topographic maps suggests t ha t  Shoulder 
Creek may have been a melt-water channel dur ing deglaciat ion o f  the area and 
may have formed a p a r a l l e l  channel t o  the Jump River. Shoulder Creek provides 
several key exposures i n  the volcanic s t ra t ig raphy and i n t r u s i v e  h i s t o r y  o f  
t he  Jump River Val ley. 

Several 1 i tholog ic  un i t s  crop out  along a 4 m i l e  length  o f  Shoulder Creek. 
The most prominent rock type i s  an intermediate po rphy r i t i c  f low. Phenocrysts 
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of plagioclase feldspar occur in a strongly recrystallized matrix. The
recrystallization may be due to a basalt dike that intrudes the outcrop.
The flow unit is exposed at the bridge on county highway H.

Intermediate non-porphyritic units are interlayered with the flow
unit and appear to be fine-grained tuffs. Although a contact between the two
rock typesis not exposed it appears that the contact has a strike of N 60 E.
A weakly porphyritic, pinkish-gray felsite crops out in the pasture area west
of the highway and appears to be either a flow, unit or a fine-grained tuff.

An uninetamorphosed basalt dike crops out east of highway H, however the
contacts of the dike and country rock are not exposed. The prominent jointing
in the dike that strikes approximately N75E is believed to be the strike of
the dike.

A granitic intrusive crops out in a wooded area approximately ½ mile
to the southeast (SW¼, NE¼, Sec. 32, 1. 33 N., R. 4 W). The granite contains
small xenoliths of volcanic rock suggesting that the granite is intrusive into
the volcanics but the contact of the intrusive and volcanics is not exposed.

A narrow shear zone is exposed approximately 3/8 mile west of highway H
at a sharp northward bend in the creek. The zone has a strike of N 65 £
and is vertical. Alteration along the zone is prominent. The schistosity
in the enclosing, volcanic rocks has a strike of N 70 E and is vertical and
may be related to the shear zone. Often the foliation in the intermediate
flow units is associated with stretched feldspar phenocrysts.

DISCUSSION:

The interbedded tuffs and intermediate flows exposed along Shoulder Creek
and the Jump River in the vicinity of Sheldon appear to either. stratigraphically
overlie or are interbedded with the fragmental crystal and crystal-lithic tuffs
that crop out to the east. Eruption of intermediate flows in this area may
have been roughly concurrent with continued eruptions at the volcanic center
which is exposed 7 miles to the east. These eruptions may have produced the
fine-grained tuffs that are interbedded with the flows.

of p l  agioclase feldspar occur i n  a s t rongly  rec rys ta l  1 ized matrix. The 
rec rys ta l l i za t i on  may be due t o  a basal t  d ike t h a t  intrudes the outcrop. 
The f low u n i t  i s  exposed a t  the bridge on county highway H. 

Intermediate non-porphyri t i c  un i t s  are in ter layered w i t h  the f low 
u n i t  and appear t o  be f ine-grained tu f fs .  Although a contact between the two 
rock types i s  not  exposed i t  appears t ha t  the contact has a s t r i k e  o f  N 60 E. 
A weakly porphyr i t ic ,  pinkish-gray f e l s i t e  crops out i n  the pasture area west 
o f  the highway and appears t o  be e i t h e r  a f low u n i t  o r  a f ine-grained t u f f .  

An unmetamorphosed basal t  d ike crops out east o f  highway H, however the 
contacts o f  the dike and country rock are not  exposed. The prominent j o i n t i n g  
i n  the dike t h a t  s t r i kes  approximately N75E i s  believed t o  be the s t r i k e  o f  
the dike. 

A g r a n i t i c  i n t r us i ve  crops out i n  a wooded area approximately b mi le  
t o  the southeast ( S h ,  NEg, Sec. 32, T. 33 N., R. 4 W ) .  The gran i te  contains 
small xenol i ths o f  volcanic rock suggesting t ha t  the gran i te  i s  i n t r us i ve  i n t o  
the volcanics but  the contact o f  the i n t rus i ve  and volcanics i s  not  exposed. 

A narrow shear zone i s  exposed approximately 3/8 mi le  west of highway H 
a t  a sharp northward bend i n  the creek. The zone has a s t r i k e  o f  N 65 E 
and i s  ve r t i ca l .  A l te ra t ion  along the zone i s  prominent. The sch is tos i t y  
i n  the enclosing volcanic rocks has a s t r i k e  o f  N 70 E and i s  ve r t i ca l  and 
may be re la ted  t o  the shear zone. Often the f o l i a t i o n  i n  the intermediate 
f low un i t s  i s  associated w i th  stretched fe ldspar phenocrysts. 

DISCUSSION: 

The interbedded t u f f s  and intermediate flows exposed along Shoulder Creek 
and the Jump River i n  the v i c i n i t y  o f  Sheldon appear t o  e i ther .  s t ra t ig raph ica l  l y  
ove r l i e  o r  are interbedded w i th  the fragmental c rys ta l  and c r ys ta l - 1 i t h i c  t u f f s  
t h a t  crop out t o  the east. Eruption of intermediate flows i n  t h i s  area may 
have been roughly concurrent w i th  continued eruptions a t  the volcanic center 
which i s  exposed 7 miles t o  the east. These eruptions may have produced the  
fine-grained t u f f s  t h a t  are interbedded w i t h  the flows. 



TITLE: COARSE FRAGMENTAL INTERMEDIATE VOLCANIC ROCKS

LOCATION: One mile east of the village of Jump River on County Highway MM.
Site of old highway 73 bridge. G. Smith property. NE¼, NE¼,
Sec. 7, R. 3 W., T. 33N. Jump River 7½ minute quadrangle, 1971

AUTHOR:

DATE:

M.L. Cumings

March, 1980

SUMMARY OF FEATURES:

Coarse volcanic blocks form massive units that are interlayered with finely
bedded tuffs. The intermediate fragmental volcanics are associated with por-
phyritic intermediate flows inlilediately to the east of the main outcrop area.

DESCRIPTION:

The most distinct rock unit in the area is composed of volcanic blocks
up to 1 foot in diameter. Fragment size is variable but most fragments are
larger than 1 inch in diameter. The volcanic rock fragments are typically
touching and matrix between clasts is sparse. The lithic fragments range from
basaltic to fragments of exceptionally high plagioclase content. Clasts of
differing composition appear to form crude localized concentrations. Vesicles
are prominent in many fragments and the vesicles are now filled by chlorite
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TITLE : 

LOCATION : 

AUTHOR : 

DATE: - 

COARSE FRAGMENTAL INTERMEDIATE VOLCANIC ROCKS 

One m i l e  east o f  the v i  1 lage o f  Jump River on County Highway MM. 
S i t e  of o l d  highway 73 bridge. G. Smith property. NE$, NE$, 
Sec. 7, R. 3 W . ,  T. 33N. Jump River 7% minute quadrangle, 1971 

M.L. Cumings 

March, 1980 

SUMMARY OF FEATURES : 

Coarse volcanic blocks form massive un i t s  t h a t  are in te r layered  w i t h  f i ne l y  
bedded tuffs. The intermediate fragmental vol  canics are  associated w i t h  por- 
p h y r i t i c  intermediate f lows immediately t o  the east o f  the main outcrop area. 

DESCRIPTION: 

The most d i s t i n c t  rock u n i t  i n  the area i s  composed o f  volcanic blocks 
up t o  1 f o o t  i n  diameter. Fragment s i ze  i s  var iab le  bu t  most fragments are 
l a rge r  than 1 inch i n  diameter. The volcanic rock fragments are t y p i c a l l y  
touching and matr ix  between c las ts  i s  sparse. The l i t h i c  fragments range from 
basa l t i c  t o  fragments of except ional ly  h igh plagioclase content. Clasts o f  
d i f fe r ing  composition appear t o  form crude 1 ocal ized concentrations. Vesi c l  es 
are prominent i n  many fragments and the vesic les are now f i l l e d  by c h l o r i t e  
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and epidote. Porphyritic clasts contain plagioclase phenocrysts. Although
the clasts vary in textures and mineralogy they all are intermediate in com-
position.

The coarse fragmental units are interbedded with fine-grained tuffaceous
materials that are commonly distinctly bedded. The tuffaceous rocks are rich
in epidote and feldspar and tend to be extremely fine-grained. The fine-
grained beds strike N 10 W which is anomalous in the Jump River area.

The volcaniclastic units are spatially associated with weakly porphyritic
flows which crop out as low outcrops Immediately up stream from this locality.
Possible fragmental units are interlayered with the flows but textures are
poorly developed.

Prominent veins cross-cut the coarse fragmental units and are to varying
degrees deformed. The thickest veins are usually undeformed. Thin sections
of the veins indicate euhedral epidote developed in from the walls of the
vein and quartz filling the remaining space.

DISCUSSION:

The coarseness of volcanic blocks at this location suggest that the out-
crops are near a significant explosive volcanic center. Similar coarse frag-
mental rocks interbedded with fine-grained tuffs occur approximately 2 miles
east of this site. The area between appears to be underlain by massive
intermediate flows and intermediate to felsic, often pyritic, tuffs and possibly
lapilli-sized tuffs. Less than ½ mile south (Stop 17) are outcrops of a
massive, weakly porphyritic felsite flow or. possibly a felsite dome. A pos-
sible interpretation of the volcanic rocks in the immediate area is a submarine
collapsed caldera complex in which the coarse fragmental rocks are part of the
rim of the complex and the interior of the collapsed structure filled with
flows and intermediate to felsic pyroclastic materials. The massive felsite
may represent a felsite dome formed during a caldera resurgence stage after
the main collapse had occurred. Such resurgent caldera complexes are possibly
important in development of economic mineralization. Such an environment has
been suggested for Kuroko deposits (Kouda, Korde, 1978) and possibly the
massive sulfide mineralization in the Noranda district (Spence, deRosen—Spence,
1975).
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and epidote. Porphyr i t ic  c las ts  contain p lag ioc l  ase phenocrysts. A1 though 
the c lasts vary i n  textures and mineralogy they a l l  are intermediate i n  com- 
posit ion. 

The coarse fragmental un i t s  are interbedded w i t h  f ine-grained tuffaceous 
materials t ha t  are commonly d i s t i n c t l y  bedded. The tuffaceous rocks are r i c h  
i n  epidote and fe ldspar and tend t o  be extremely fine-grained. The f ine -  
grained beds s t r i k e  N 10 W which i s  anomalous i n  the Jump River area. 

The vo lcan ic last ic  un i t s  are s p a t i a l l y  associated w i th  weakly porphyr i t i c  
flows which crop out as low outcrops immediately up stream from t h i s  l o c a l i t y .  
Possible fragmental un i t s  are in ter layered w i t h  the flows bu t  textures are 
poorly developed. 

Prominent veins cross-cut the coarse fragmental un i t s  and are t o  varying 
degrees deformed. The th ickes t  veins are usual ly undeformed. Thin sections 
o f  the veins ind ica te  euhedral epidote developed i n  f r o m  the wal ls  o f  the 
vein and quartz f i l l i n g  the remaining space. 

DISCUSSION : 

The coarseness of volcanic blocks a t  t h i s  loca t ion  suggest t h a t  the out- 
crops are near a s i g n i f i c a n t  explosive volcanic center. S imi lar  coarse f rag- 
mental rocks interbedded w i t h  f ine-grained t u f f s  occur approximately 2 mi 1 es 
east o f  t h i s  s i t e .  The area between appears t o  be under la in by massive 
intermediate flows and intermediate t o  f e l s i c ,  o f ten  y r i  t i c ,  t u f f s  and possibly 
l a p i l l i - s i z e d  t u f f s .  Less than h mi le  south (Stop 17 ? are outcrops of a 
massive, weakly porphyr i t i c  f e l s i t e  f low o r  possibly a f e l s i t e  dome. A pos- 
s i b l e  in te rp re ta t ion  o f  the volcanic rocks i n  the immediate area i s  a submarine 
collapsed caldera complex i n  which the coarse fragmental rocks are p a r t  of the 
r i m  o f  the complex and the i n t e r i o r  o f  the collapsed s t ructure f i l l e d  w i t h  
flows and intermediate t o  f e l s i c  py roc las t i c  materials. The massive f e l s i  t e  
may represent a f e l s i t e  dome formed dur ing a caldera resurgence stage a f te r  
the main col lapse had occurred. Such resurgent caldera complexes are possibly 
important i n  development o f  economic mineral izat ion.  Such an environment has 
been suggested f o r  Kuroko deposits (Kouda, Korde, 1978) and possibly the 
massive su l f i de  mineral i z a t i o n  i n  the Noranda d i s t r i c t  (Spence, deRosen-Spence, 
1975). 
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TITLE: PORPHYRITIC FELSITE FLOW

LOCATION: Along Levitt Creek south
Farm. NE¼, SE¼, Sec. 7,
quadrangle, 1971

of County Highway D on the James Miller
R. 3 W., T. 33 N. Jump River 7½ minute

SUMMARY OF FEATURES:

A fine-grained, weakly porphyritic felsite flow forms massive outcrops
along Levitt Creek. The fel site contains a possible metamorphic fabric or
relict primary flow structure and is cut by. a local E-W shear zone which locally
produces a lineation in the rock.

DESCRIPTION:

Two outcrops of a felsite occur west of the farm buildings on the James
Miller farm in the bed of Levitt Creek. The felsite is pink and massive.
Small subheadral to anhedral plagioclase phenocrysts occur in a fine—grained
matrix dominated apparently by quartz and feldspar but sericite bands with
minor chlorite define a fabric in the rock.

The felsite is cut by a shear zone containing irregular clots of white
quartz in an outcrop immediately west of the barn. The shear zone superimposes

—117—

STOP #17

/"I
-, --/' / - .. -*—___ i.J,

-.
-- _I \/

220 -_ 1Z14 •* —:i (
I,

fr
if

jump-1

AUTHOR: M.L. Cummings

DATE: March, 1980

STOP #I 7 

TITLE: 

LOCATION : 

AUTHOR : 

DATE : - 

PORPHYRITIC FELSITE FLON 

A1 ong Levi tt Creek south of County Highway D on the James Mi 1 l e r  
Farm. NE&Â SEQs Sec. 7 Â  R. 3 W e s  T.  33 N. Jump River 7% minute 
quadrangle 1971 

M.L. Cumnings 

March 1980 

SUMMARY OF FEATURES : 

A fine-graineds weakly porphyritic f e l s i t e  flow forms massive outcrops 
along Levitt Creek. The fel s i t e  contains a possible metamorphic fabric or 
re l i c t  primary flow structure and i s  cut by a local E-W shear zone which 10 
produces a lineation i n  the rock. 

DESCRIPTION : 

Two outcrops of a fe l s i t e  occur west of the farm buildings on the Jams 
Miller farm i n  the bed of Levitt Creek. The f e l s i t e  is p i n k  and massive. 
Small subheadral to anhedral p1 agiocl ase phenocrysts occur in a f i ne-grained 
matrix dominated apparently by quartz and feldspar b u t  ser ic i te  bands w i t h  
minor chlorite define a fabric i n  the rock. 

. The f e l s i t e  i s  cut by a shear zone containing irregular clots of white 
quartz i n  an outcrop immediately west of the barn. The shear zone superimposes 
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a secondary schistosity on the earlier fabric and locally produces a lineated
fabric in the felsite.

DISCUSSION:

A massive felsite crops out west of the wayside park along highway 73,
but the unit is coarser grained than the felsites at this location, possibly
because of contact metamorphic effects from granitic intrusive material.

The banding in the massive felsite may be a metamorphically induced fabric
or may represent primary flow banding. The felsites are apparently closely
related to coarse intermediate fragmental volcanic rocks which crop out along
the Jump River approximately ½ mile north (Stop 16). Possibly the felsites
form a late rhyolitic dome formed during caldera resurgence in a large collapsed
caldera complex. Stratigraphic top indicators would suggest that the felsites
stratigraphically overlie the coarse fragmental rocks exposed to the north.

The felsites have apparently been intruded by granitic rocks which are.
exposed at the wayside park along highway 73 to the west and along an inter-
mitent tributary stream which flows into Levitt Creek less than ¼ mile south
of the present site. The development of the shear zone cutting the felsite
appears to be later than the intrusion of the granites since similarly oriented
shear zones cut the granite exposed in the wayside park to the west.

a secondary s c h i s t o s ~ t y  on the e a r l i e r  fabr ic  and l o c a l l y  produces a l ineated I 

fabr ic i n  the fe l s i te .  

A massive f e l s i t e  crops out  west of the wayside park along highway 73, 
but the u n i t  i s  coarser grained than the f e l s i t e s  a t  t h i s  locat ion,  possib ly 
because o f  contact metamorphic effects from g r a n i t i c  i n t r u s i v e  materi  a1 . i 

The banding i n  the massive f e l s i t e  may be a metamorphically induced f a b r i c  I 

o r  may represent primary flow banding. The f e l s i  tes  are apparently c lose ly  
re lated t o  coarse intermediate fragmental volcanic rocks which crop out  along 

i 
the Jump River approximately % m i le  nor th  (Stop 16). Possibly the f e l s i t e s  
form a l a t e  r h y o l i t i c  dome formed during caldera resurgence i n  a large col lapsed 
caldera complex. S t r a t i  graphi c top ind ica to rs  wou1 d suggest t ha t  the fe1 s i  tes 1 
s t ra t ig raph ica l  1y over1 i e  the coarse fragmental rocks exposed t o  the north. 

The f e l s i t es  have apparently been intruded by g r a n i t i c  rocks which are .  1 
exposed a t  the wayside park along highway 73 t o  the west and along an i n t e r -  
rnitent t r i b u t a r y  stream which flows i n t o  L e v i t t  Creek less than % m i l e  south I 

o f  the present s i t e .  The development of the shear zone c u t t i n g  the f e l s i t e  
appears t o  be l a t e r  than the i n t r us i on  o f  the grani tes since s i m i l a r l y  or iented 
shear zones cu t  the gran i te  exposed i n  the wayside park t o  the west. 



SUMMARY OF FEATURES:

Well-bedded crystal and crystal-lithic tuffs are beautifully exposed along
south bank of the Jump River. Impact structures produced by larger clasts
ing into finer grained bedded materials indicate that the stratigraphic
of the volcanic pile are to the south and that the units are overturned.

DESCRIPTION:

Well-exposed, stream polished outcrops of tuffaceous of various rocks
characteristics crop out for approximately 0.75 miles along the Jump River
west of the Edwin and Gerald Ahlers property. Since the river flows
approximately parallel to the bedding in the volcanics the exposures do not
provide a thick stratigraphic section and may represent nearly one stratigraphic
level.
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STOP #18

TITLE: CRYSTAL AND CRYSTAL-LITHIC TUFFS

LOCATION: Section line between sections 15 and 22, T. 33N., R. 4 W.
the Jump River behind the farm of Edwin and Gerald Ahlers.
River 7½ minute quadrangle, 1971
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AUTHOR: M.L. Cuniings

DATE: March, 1980
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STOP #18 

TITLE : 

LOCAT ION : 

AUTHOR: 

DATE : - 

CRYSTAL AND CRYSTAL-LITHIC TUFFS 

Section l ine  between sections 15 and 2Z9 T.  33N. R. 4 W .  along 
the Jump River behind the farm of Edwin and* Gerald Ahlers. Jump 
River 7% minute quadrangle, 1971 

M.L. Cumings 

March, 1980 

SUMMARY OF FEATURES: 

.We1 1 -bedded crystal and crystal -1 i t h i c  tuffs are beautiful ly  exposed along 
the south bank of the Jump River. Impact structures produced by larger c l a s t s  
fa l l ing  into f iner  grained bedded materials indicate tha t  the stratigraphic 
tops of the volcanic p i le  are t o  the south and tha t  the units are  overturned. 

DESCRIPTION: 

Well-exposed9 stream polished outcrops of tuffaceous of various rocks 
characteristics crop out for  approximately 0.75 miles along the Jump River 
west of the Edwin and Gerald Ahlers property. Since the river flows 
approximately parallel t o  the bedding i n  the volcanics the exposures do not 
provide a thick stratigraphic section and may represent nearly one stratigraphic 
level . 
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The lowest stratigraphic unit is farthest north and is fine—grained,
massive, light green, intermediate crystal tuff. Bedding is massive and can
be identified by faint bands that have a higher percentage of slightly coarser
phenocrysts than the surrounding rock.

The main rock type is an intermediate crystal-lithic tuff. The rock is
prominently bedded with the strike of bedding N 60E and dipping 72 N. A

coarse, approximately 4 inches long, volcanic clasts has been found that
apparently fell into the accumulating finer-grained tuffs and produced an
impact feature from which a stratigraphic top deterinatlon can be made. The
top of the volcanic unit appears to be to the south indicating that the bedding
is overturned.

Beds of.crystal tuff are interbedded with crystal-lithic tuff along the
outcrop area. Typically lithic fragments are less than ½ inch in diameter
and. are of intermediate composition. The tuffs contain plagioclase crystals
and possible pyroxene crystals that are pseudomorphically replaced by amphibole.
The plagioclase crystals contain subhedral to anhedral epidote. Epidote also
forms part of the matrix between crystal and lithic clasts in some samples.
Hornblende porphyroblasts are prominent in most beds, and sulfide minerals are
found locally in concentrations of 2 percent.

DISCUSSION:

The tuffs exposed at this stop are believed to be related to a caldera
complex exposed east of the village of Jump River (3 miles to the east, Stop 16);
The tuffs in this area are possibly stratigraphic equivalents of the coarse
fragmental units at Stop 16. The grain size of fragments decreases and the
proportion of crystal fragments to lithic fragments increases away from the
volcanic center. To the west of this site the tuffs are fine-grained and lithic
fragments have not been observed. The rocks have been metamorphosed under
epidote—amphibolite facies conditions but a schistosity is not strongly
devel aped.

The lowest s t ra t igraphic  u n i t  i s  far thest  nor th  and i s  fine-grained, 
massive, l i g h t  green, intermediate c rys ta l  tuff .  Bedding i s  massive and can 
be i den t i f i ed  by fa in t  bands t ha t  have a higher percentage o f  s l i g h t l y  coarser 
phenocrysts than the surrounding rock. 

The main rock type i s  an intermediate c r y s t a l - l i t h i c  t u f f .  The rock i s  
prominently bedded w i t h  the s t r i k e  of bedding N 60E and dipping 72' N. A 
coayse, approximately 4 inches long, volcanic c las ts  has been found tha t  
apparently f e l l  i n t o  the accumulating f iner-grained t u f f s  and produced an 
impact feature from which a s t ra t ig raph ic  top deter inat ion can be made. The 
top o f  the volcanic u n i t  appears t o  be t o  the south ind ica t ing  t h a t  the bedding 
i s  overturned. 

Beds of. c rys ta l  tuf f  are interbedded w i  t h  crys ta l -1  i t h i  c t u f f  along the 
outcrop area. Typ ica l l y  l i t h i c  fragments are less than + inch i n  diameter 
and are of intermediate composition. The t u f f s  contain plagioclase c rys ta ls  
and possible pyroxene c rys ta ls  t ha t  are pseudomorphica11y rep1 aced by amphi bo1 e. 
The plagioclase c rys ta ls  contain subhedral t o  anhedral epidote. Epidote a1 so 
forms pa r t  of the matr ix between c rys ta l  and l i t h i c  c las ts  i n  some samples. 
Hornblende porphyrobl asts are prominent i n  most beds, and su1 f i  de mineral s are 
found 1 ocal 1y i n  concentrations o f  2 percent. 

DISCUSSION : 

The t u f f s  exposed a t  t h i s  stop are bel ieved t o  be re la ted t o  a caldera 
complex exposed east o f  the v i l l a g e  o f  Jump River ( 3  miles t o  the east, Stop 16). 
The t u f f s  i n  t h i s  area are possibly s t ra t igraphic  equivalents of the coarse 
fragmental un i t s  a t  Stop 16. The gra in  s ize o f  fragments decreases and the 
proport ion o f  c rys ta l  fragments t o  li t h i c  fragments increases away from the 
volcanic center. To the west o f  t h i s  s i t e  the t u f f s  are f ine-grained and l i t h i c  
fragments have not  been observed. The rocks have been metamorphosed under 

, epidote-amphiboli t e  facies condit ions but  a schistosi  t y  i s  not  s t rongly  
developed. 
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