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Table 1.

Index of Proterozoic quartzite localities and previously used historic names

Locality

Historic name

Baraboo syncline, Sauk and Columbia Counties .............
Barron, Rusk, Sawyer, and Washburn Counties...............
Flambeau Ridge, Chippewa County .........ccececeverrveeuenenennns
Hamann Creek, Marathon County ........cc.cceceveveerervereennens
Hamilton Mounds, Adams COUnty ........c.cecveerreeecrurnrennee

McCaslin Mountain, Forest, Oconto, and

Langlade Counties. .....ccovcveeerririreceeeniveresseresseseeesesensens
Necedah, Juneau COUNLY .......covevrirrereeerrrceemneerererereesennsens
Rib Mountain, Marathon COunty..........ceeeeeeceermereersunrene
Thunder Mountain, Marinette County .......c.coceceeveereuereacns
Vesper quarry, Wood COounty «........cueveeeeerevieresereernsssenens
Waterloo area, Jefferson and Dodge Counties.................

... Baraboo Quartzite (Irving, 1877).

... Barron Quartzite (Chamberlin, 1882).

.... Flambeau Quartzite (Hotchkiss and others, 1915).
...  Marathon Conglomerate (Weidman, 1907).

w..  “Hamilton Mounds Quartzite” (Ostrander, 1931).

... McCaslin Quartzite (Mancuso, 1960).

. “Necedah quartzite” (Van Hise and Leith, 1911).
... Rib Hill Quartzite (Weidman, 1907).

«...  “Thunder Mountain Quartzite” (Mancuso, 1960).
... Powers Bluff Quartzite (Weidman, 1907).

...  Waterloo Quartzite (Buell, 1892).

surfaces truncates the overturned quartzite layers. S,
foliation strikes about N. 88° W. and dips 22° N. (fig. 34).
Poles to bedding (fig. 3A) lie along a great circle and define
a beta fold axis (B) that plunges gently toward the east.
Slickensides on the foliation surface plunge toward the
north-northeast (fig 3B).

A 12-m-thick zone of quartzite with highly contorted
bedding and boudinage structures (fig. 2B) overlies the
slickensided fault zone. The presence of a Z-shaped fold
(looking southeast) and a boudinaged quartzite layer (fig.
2B) suggests that movement was from northeast to
southwest.

The breccia zone (figs. 2B, 3C) described by
Ostrander (1931) overlies this contorted zone. It contains
common tabular quartzite clasts, some with strong internal
foliation, and rare exotic granitoid clasts. Although not
obvious on first examination, poles to the strike and dip of
the flat surfaces of 12 sample quartzite clasts tentatively
indicate that they have a preferred orientation. The clasts
have about the same strike as the breccia zone, but dip
toward the northeast slightly steeper than the breccia zone
itself, suggesting that they have an imbricate orientation
relative to the tectonic zone (sketch within stereoplot of fig.
3C shows the nature of the oriented clasts). This
configuration also provides kinematic data suggesting
tectonic transport from northeast to southwest. Above the
breccia zone, the bedding in the quartzite is subhorizontal
with upright crossbedding.

The presence of boudinaged beds, ductile folds, and
contorted bedding indicates that the rocks at Hamilton
Mounds were subjected to ductile deformation. Spaced
cleavage and the brecciated zone of quartzite, however,
indicate brittle deformation. A southward sense of tectonic
transport is indicated for both the ductile and brittle
deformation. Interestingly, the main zone of ductile
deformation lies between zones of brittle deformation with

a fault zone at the base and the breccia zone at the top.
These structural relations are similar to those shown by the
Hinesburg thrust in the northern Appalachians near Burl-
ington, Vt.: the Cheshire Quartzite (Lower Cambrian),
containing prominent ductile deformation features, has been
thrust over relatively undeformed carbonates of the Lower
Ordovician Bascom Formation (Stanley and others, 1987).
As concluded for the Vermont structures by Stanley and
others (1987), so at Hamilton Mounds the superposition of
brittle deformational features on ductile deformational
features likely reflects multiple periods of deformation.

A hydrothermally altered granitoid dike (as described
by Ostrander, 1931) intrudes the quartzite beneath the fault
zone (fig. 2B). We interpret the numerous aligned mafic
xenoliths and megacrysts in the dike to define a flow fabric
that strikes N. 5° E. and dips 35° SE. This orientation differs
markedly from the cleavage in the surrounding quartzite,
which strikes N. 88° E. and dips 22° N. (fig. 3A), and
indicates that the granitoid dike was not deformed with the
quartzite. W.R. Van Schmus (written commun., 1989)
reported a U-Pb age of 1,763%7 Ma on zircons from the dike,
and a U-Pb age of 2,449+84 Ma on detrital zircon in the
quartzite.

Interpretation—Quartzite exposed at Hamilton
Mounds exhibits a variety of deformational styles, which
reflect a complex structural history, indicating the juxta-
positioning of ductile and brittle structures. The ductile
deformational features must have been imposed under very
different conditions than those that produced the brittle
deformation features. A southward sense of tectonic
transport is indicated by both the ductile and brittle defor-
mational features. Because the brittle and ductile structures
are similarly oriented, we suggest that the superimposed
structural units were tectonically emplaced by multiple
coaxial south-verging thrust events. The granitoid dike that
cuts the quartzite constrains the age of deformation and the
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HAMILTON MOUNDS

B
HAMILTON MOUNDS

NECEDAH QUARRY

Figure 3. Lower hemisphere stereographic plots and
accompanying diagrams illustrating the main structural
features at Hamilton Mounds and Necedah localities. A, Dots
represent poles to bedding (S,) and define a great circle whose
beta axis (B) plunges gently east-southeast at Hamilton
Mounds. Poles to foliation (S;, X) define an average foliation
surface (stippled S; plane) that is axial-planar to folds in
bedding (Sy). B, Orientation of slickenside lineations on S,
surfaces at Hamilton Mounds. C, Dots represent 12 poles to
strike and dip of quartzite clasts in breccia zone at Hamilton
Mounds. Nature of quartzite clasts shown diagrammatically.
D, Combined plot of field measurements from the north and
south quarries at Necedah. Dots, poles, and stippled plane
show orientation of spaced cleavage (S,); heavy solid line,
strike of bedding. Beds are vertical to near vertical. Square,
mineral lineation on S, surface at north quarry; a drag fold with
inferred shear couple suggests southward structural ver-
gence—drag fold was observed at south quarry.

age of the quartzite. Deformation of the quartzite preceded
emplacement of the dike (1,76317 Ma) indicating that both
the quartzite and the deformation are older than 1,763+7
Ma. The 2,449+84 Ma U-Pb age on detrital zircon in the
quartzite at Hamilton Mounds suggests a probable Archean,
rather than Proterozoic, provenance for the quartzite.

Necedah Area

Two inliers of Necedah quartzite (table 1) were
examined in quarries near the village of Necedah (fig. 1), 30
km west-southwest of Hamilton Mounds. Red-shaded to
pink brecciated quartzite is exposed in a quarry just
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northwest of Necedah. The quartzite dips steeply and has a
fracture cleavage that strikes northwest and dips gently
southwest (fig. 3D). Mineral lineations on the cleavage
surfaces are generally perpendicular to the strike of the
foliation and possibly indicate a stretch direction. Thin-
bedded, weakly foliated quartzite is exposed in an east-
trending ridge of outcrops at the south edge of Necedah.
Bedding is vertical and crossbedding indicates that the beds
face southward. The south-facing crossbeds indicate that
bedding was rotated toward the south, and a small drag fold
also indicates a southward sense of structural vergence.

Van Hise and Leith (1911, p. 358) reported that
“Drilling at Necedah has disclosed the presence of granite,
probably intrusive into quartzite,” and B.A. Brown and J.K.
Greenberg (Greenberg and others, 1986) reported a quartz-
ite breccia at Necedah with a granitic matrix (an intrusion
breccia). The granite appears to be undeformed, and must,
therefore, postdate the deformation. The age of the granitoid
rock at Necedah is not known.

Interpretation—Although data at the Necedah
locality are meager relative to Hamilton Mounds, the major
structure is consistent with a south-verging fold/thrust and
the igneous rock appears to postdate the structural event.
The major relationships are thus the same at both Jocalities.
However, the lack of isotopic age on the granitoid at
Necedah precludes establishing the timing of the events.

Baraboo Area

The general geology of the Baraboo area (fig. 1) has
been known since the early studies of Irving (1877),
Weidman (1904), Van Hise and Leith (1911), and Leith and
others (1935). More recent studies include those of Dalziel
and Dott (1970), Dott (1983), Smith (1978a,b), Van Schmus
(1978), Jenk and Cambray (1986), Kean and Mercer (1986),
and Hempton and others (1986). Proterozoic rocks at
Baraboo, which structurally define a northeast-trending
doubly plunging syncline (figs. 4, 5), consist of massive
Baraboo Quartzite (table 1) overlain by the Seeley Slate and
the Freedom Formation, which consists of dolomite, slate,
and cherty zones, some of which are ferruginous. The
ferruginous chert of the Freedom Formation is similar to
iron-formations of the main Lake Superior region to the
north (Schmidt, 1951). The Dake Quartzite and Rowley
Creek Slate are interpreted to overlie the Freedom
Formation (Leith and others, 1935). Morey and Van
Schmus (1988) implied that the Freedom Formation/Dake
Quartzite contact is erosional. These units are similar to
underlying units, and Schmidt (1951) suggested that they
may be segments of the Baraboo Quartzite and Seeley Slate
that are repeated by faulting. Volcanic rocks (mainly
rhyolite) and granitoid rocks are exposed at several
localities surrounding the quartzite of the Baraboo syncline
(fig. 5).









However, rhyolite closer to the quartzite has a prominent
south-dipping foliation (fig. 6C); the northwest-dipping
foliation, which is well developed in the rhyolite on the
north limb, is absent in the rhyolite on the south limb. The
nearby Baraboo Quartzite has a steeply northwest dipping
cleavage (Dalziel and Dott, 1970), and locally, near the
foliated rhyolite, a south-dipping foliation expressed by
highly recrystallized (mylonitized) quartzite—a fine mosaic
of quartz that largely obscures the original detrital grains
(figs. 4, 5, locations).

LaBerge’s studies of engineering drill cores from the
Badger Ordnance area just south of the south limb of the
Baraboo syncline (fig. 5) show that Baraboo Quartzite
overlies dark-reddish-brown to greenish-gray volcanic rock,
which in turn is intruded by a granitoid breccia (Baxter
Hollow Granite?). The basal quartzite in most of the drill
cores is a breccia consisting of clasts of various size. In
some cores, the quartzite forms lensoidal slabs surrounded
by branching and recombining fractures, and in still other
cores the quartz in the quartzite is highly polygonized and
has a prominent mylonitic foliation. White clay (kaolinite?)
forms the matrix between the clasts and coats fracture
surfaces, and drusy quartz lines some fractures and cavities.
In several cores, the base of the quartzite is several meters
of clay that may be a fault gouge.

The volcanic rock in the engineering drill cores at
Badger Ordnance is highly chloritic andesitic to basaltic
rock with highly foliated, slickensided zones as well as
relatively nonfoliated zones. Thus, it contrasts with the
felsic volcanic rocks in the Caledonia Church area.
However, near Denzer, approximately 13 km west of
Badger Ordnance, black undeformed rhyolite is exposed
just south of the Baraboo Quartzite (fig. 5). Therefore, a
variety of volcanic and intrusive rocks with varying degrees
of deformation are present on the south side of the Baraboo
syncline, whereas only red to gray rhyolite is exposed on the
north limb.

The granitoid rock (Baxter Hollow Granite?)
encountered in the drill cores is an intrusion breccia that is
highly variable in texture and color, contains numerous
greenish-gray volcanic xenoliths, and is undeformed.
Quartzite xenoliths are absent. Some intervals of the quartz-
ite in the core are highly bleached and (or) epidotized,
suggesting hydrothermal activity.

Interpretation—The data presented raise some
questions regarding the relationship of the rhyolites to the
quartzite in the Baraboo area. Although the quartzite may be
stratigraphically younger than the rhyolite on the north
limb, where both quartzite and rhyolite were affected by the
deformational event that formed the Baraboo syncline, the
relationship of the quartzite to the rhyolite on the south limb
of the syncline is ambiguous. The rhyolite near Caledonia
Church and at Denzer lacks the S, fabric related to
formation of the Baraboo syncline, but near the contact with
the quartzite in the Caledonia Church area the rhyolite has

F

C

Figure 6. Lower hemisphere plots of structural features in the
Baraboo syncline. A, Seven poles to layering (S,, dots) in
rhyolite near the Lower Narrows, north limb. Stippled area,
approximate orientation of bedding plane. B, Thirty-nine poles
(dots) to S, foliation in rhyolite at the Lower Narrows and five
measured lineations (x) resulting from intersection of cleavage
(S,) and bedding (S,). Stippled area, approximate orientation of
S, plane. C, Seventeen poles to foliation in rhyolite (R),
Caledonia Church area, and nine poles to foliation in quartzite
(Q) near the rhyolite. Stippled area, approximate plane of
orientation of foliation in rhyolite in this area. Difference in
orientation of foliation between rhyolite (R) and quartzite (Q) is
interpreted to be caused by refraction resulting from different
lithologies. D, Eighteen poles to bedding on south limb of
Baraboo syncline; stippled area, plane of approximate
orientation of bedding. E, Twenty poles to S; on south limb of
the Baraboo syncline; stippled area, plane of approximate
orientation of bedding. F, Three poles to spaced axial plane
foliation of chevron folds in S, foliation at Skillet Creek (see
fig. 5), and orientation of four fold axes (x). Stippled plane,
approximation of the axial plane foliation.

a post-S; fabric. This suggests that deformation in the
thyolite on the south limb may be younger than the
structural event that formed the Baraboo syncline, and that
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the igneous rocks may be younger than the quartzite.
Alternatively, the rhyolite and other igneous rocks on the
south limb lie stratigraphically below the quartzite, but an
S, fabric simply did not form in this area during formation
of the Baraboo syncline. (It should be noted that quartzite
within 100 m of the rhyolite does have an S, fabric.) The
structural differences between the volcanic rocks on
opposite limbs of the syncline suggest the possibility of
more than one age of rhyolite in the Baraboo area. If more
than one rhyolite is present, then the proposed post-1,760
Ma age of the Baraboo Quartzite, based on dating of
rhyolite some 25-50 km northeast of the Baraboo area, is
uncertain.

A post-1,760 Ma age for the Baraboo Quartzite is
based on the following assumptions: (1) the quartzite
stratigraphically overlies the adjacent rhyolite (Dalziel and
Dott, 1970), and (2) the rhyolite in the Baraboo area is the
same age as the rhyolite from 25-50 km northeast of it
(dated igneous rocks noted in fig. 5 are samples dated by
Van Schmus, 1978; Smith, 1978a). Smith (1978a, 1983)
used major- and trace-element geochemistry to suggest the
existence of a series of northeast-trending belts of igneous
rocks in south-central Wisconsin, and based on Van
Schmus’ (1978, 1980) U-Pb zircon age of 1,760 Ma, he
concluded that the rhyolite at Baraboo can be inferred by
chemical similarity to correlate with the dated rocks.
However, new compositional data (K.J. Schulz, written
commun., 1988), on granite and rhyolite at Cary Mound, 10
km north of Veedum in central Wisconsin, are similar to
those described by Smith (1978a,b, 1983), yet they yield a
U-Pb zircon age of 1,833+4 Ma (W.R. Van Schmus, written
commun., 1989). This suggests that chemical similarity
alone may not be a valid basis for inferring the age of the
rhyolite in the Baraboo area; we suggest that the age of the
rhyolite in the Baraboo area is still in question.

Waterloo Area

In the Waterloo area, approximately 50 km east-
southeast of the Baraboo syncline (fig. 1), occur two
distinctly different quartzites, which historically were
named the Waterloo Quartzite (table 1) in Jefferson and
Dodge Counties. One exposure, in a farmyard in the
NESEYs sec. 35, T. 9 N, R. 13 E,, is a thin-bedded,
red-brown, prominently crossbedded quartzite. The other is
a gray quartzite exposed at Portland quarry (EVASEVY4 sec.
33, T. 9 N, R. 13 E.) and near Reeseville (NWV4SEV4 sec.
3, T. 9 N, R. 14 E.). Our studies indicate that the red and
gray quartzites have had different deformational histories
and could be of different ages.

The red quartzite consists of thin (=1 cm) layers of
buff to red quartzite with =l-cm-thick pelitic layers.
Bedding in the quartzite is oriented N. 4° E., 30° SE. (fig.
7A). The quartzite lacks a distinct deformational fabric, but
the pelitic layers have a penetrative cleavage that strikes N.
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19° W. and dips 20° NE. Bedding/cleavage intersection
lineations plunge 12° N. 28° E. (fig. 7A).

The gray quartzite at Portland quarry is con-
glomeratic, containing pebbles of maroon to red quartzite,
vein quartz, chert, and volcanic rocks. Bedding is oriented
approximately N. 20° E., 54° SE. and cleavage is oriented
N. 59° W., 60° SW. (fig. 7B); bedding/cleavage intersection
lineations plunge 53° S. 42° E. Pebbles within some layers
in the gray quartzite are stretched and have long:short axial
ratios of as much as 4:1, suggesting constrictive strain.
Stretch lineations defined by the long axis of the pebbles
plunge about 70° WSW.

Gray quartzite
Reeseville

Red quartzite
Waterloo

Gray quartzite
Portland quarry

Vesper quarry

Figure 7. Lower hemisphere plots of structural data from
Waterloo and Vesper areas. A, Red quartzite at Waterloo. Solid
dots and stippled plane indicate orientation of bedding (Sg); x
and lined plane indicate orientation of cleavage (S,) in thin
pelitic layers. Solid squares are measured lineations formed by
intersection of cleavage and bedding (Lp,.). B, Gray quartzite at
Portland quarry. Solid dot, pole to bedding (S); stippled plane,
approximate orientation of bedding; x, pole to spaced
cleavage (S,); lined plane, approximate orientation of spaced
cleavage (S,) in quartzite. Solid square, orientation of lineation
(intersection of bedding and cleavage, L,J). Open circle,
orientation of long axis of stretched clast (Ls). C, Gray quartzite
near Reeseville. Solid dot, pole to bedding; stippled plane,
approximate orientation of bedding (Sy); x, pole to S, foliation;
lined plane, approximate orientation of foliation (S;). Solid
triangle, pole showing orientation of joints (J); open circle, pole
to a spaced cleavage/joint system (Sy). D, Stereoplot of spaced
cleavage in quartzite at Vesper quarry. Contours 5, 10, 20
percent are on 21 poles to cleavage (S;). Solid dot, area of
highest concentration. Stippled plane, orientation of S,
cleavage.



The quartzite at Reeseville is dark gray (like that at
Portland quarry), thin bedded with abundant dark- and
light-gray bands, crossbedded, and locally conglomeratic; it
contains minor pelitic layers. Crossbedding indicates that
the beds are upright. Northwest-trending joints abound, and
some are in closely spaced zones. An irregular, northwest-
trending, 10-m-wide zone of brecciated quartzite cemented
with white vein quartz cuts the quartzite. Bedding is
oriented N. 50° E., 42° SE.,, and a spaced cleavage is
oriented N. 78° W., 50° SW. (fig. 7C). Joints are near
vertical and strike about N. 40° W. The breccia zone is
roughly parallel with the joints. A vague, spaced fracture
(joint?) system Sy oriented approximately N. 50° W., 36°
NW. is also present; however, its relative age and
significance are not known.

Interpretation—Our data indicate that the structural
features in the red quartzite are distinctly different from
those in the gray quartzite. The red quartzite lacks a strong
deformational fabric, but cleavage in pelitic layers dips
gently east-northeast, and fold axes (determined from bed-
ding/cleavage intersection lineations) plunge gently north-
northeast. In contrast, foliation in the gray quartzite strikes
northeast and dips moderately to the southeast; fold axes
plunge steeply southeast. Not only do these attitudes
suggest that the structural history of the quartzites is
different, but also the presence of pebbles of red quartzite in
the gray quartzite at Portland quarry suggests in particular
that the gray quartzite may be younger than the red, even
though the gray quartzite is more deformed.

The gray quartzite at Waterloo, the rhyolite and
adjacent quartzite near Caledonia Church, and the reverse
drag folds (chevron folds) at the Skillet Creek locality on
the south limb of the Baraboo syncline (Adair, 1956; Dalziel
and Dott, 1970; Hendrix and Schaiowitz, 1964) have a
south-dipping deformational fabric. The south-dipping
fabric may thus be of regional significance, and it could
represent a structural event that postdates formation of the
major structure of the Baraboo syncline. However, this
fabric apparently is absent in rocks on the north limb of the
Baraboo syncline, and does not occur in the red quartzite at
Waterloo. Consequently, the event that produced the south-
dipping fabric apparently did not affect all of the rocks in
the region.

Geiger and others (1981) concluded that the pelitic
rocks intercalated with the quartzite in the Waterloo area
underwent a static metamorphism that postdates the
deformation. Inasmuch as undeformed granitic dikes cut the
quartzite on Rocky Island in the Crawfish River northeast of
Waterloo (Brown, 1986), we suggest that the meta-
morphism is related to the igneous activity in the area, and
that both postdate the deformation. Unfortunately, the age
on the igneous rocks in the Waterloo area is poorly
constrained.

Probable intrusive contact

+
/ / / + 0+ o+ o+ +
/ + 0+ + o+ o+ o+t o+ + 4+ o+ o+ o+ o+ o+
Deformed AR L S N
quartzite +++ + o+ o+ o+ o+ o+ +++++++++++
+ + Undeformed 1,835 Ma " * * " %
+ + + + + redgranite+ + + 4+ + + +
L + + + + o+ 4+ o+ o+ o+ o+ o+ o+ o+ 4
Figure 8. Interpretation of geologic relationships between

undeformed granite and deformed quartzite at Vesper quarry.
Length of section =50 m. Vertical, not to scale.

Vesper Quarry

The Vesper quarry in Wood County (fig. 1) contains
exposures of pink quartzite historically named the Powers
Bluff Quartzite (table 1), containing minor pelitic zones and
massive red granite (fig. 8). The quartzite has a pervasive,
steeply dipping, spaced cleavage; pelitic zones in the
quartzite have a penetrative cleavage subparallel with that in
the quartzite. A stereoplot of poles to fracture cleavage and
penetrative cleavage at Vesper quarry shows that the
cleavage is oriented N. 85° E., 80° NW. (fig. 7D). The red
granite, which crops out within several meters of the
quartzite, has no discernible deformational fabric. Although
the contact between the granite and quartzite is not exposed,
a highly altered, iron oxide-rich zone of quartzite lies within
the contact zone. Inasmuch as the granite lacks any
penetrative fabric, we suggest that it was emplaced after
deformation of the quartzite.

The red granite at Vesper is typical of the widespread
alkali-feldspar granites in central Wisconsin (LaBerge and
Myers, 1984; Sims and others, 1989). They are undeformed
and posttectonic. The granite at Vesper is mineralogically,
texturally, and chemically similar to the red alkali-feldspar
granite at Cary Mound about 15 km to the southwest (K.J.
Schulz, written commun., 1989), which has a U-Pb zircon
age of 1,83324 Ma (Sims and others, 1989).

Interpretation.—Assuming that the red granites at
Vesper and Cary Mound are coeval, then the deformed
quartzite at Vesper quarry must be older than 1,833+4 Ma.
This interpretation is supported by the occurrence of large
blocks of quartzite at a red granite quarry on Cary Mound
(Greenberg and Brown, 1983, p. 27).

Veedum Area

Exposures in quarries at Veedum in Wood County
(fig. 1), about 10 km south of Cary Mound, consist of highly
sheared unnamed quartzite that contains a green chrome-
rich mica (probably fuchsite) on nearly horizontal slick-
ensided fault surfaces. Foliation appears to be nearly
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horizontal in the northernmost pit, but the outcrop is badly
broken and structural observations are difficult to obtain.
B.A. Brown (Greenberg and others, 1986, p. 46) reported
that Archean gneiss is exposed in Turner Creek just east of
the Veedum quarries, and that drilling encountered Archean
gneiss 3 to 4 m below the floor of the southernmost quarry.
Structures in Archean gneiss in nearby quarries are steep to
vertical, markedly different from those in the overlying
quartzite.

Interpretation.—The slickensides and near-horizontal
foliation suggest that the quartzite was emplaced on the
gneiss by low-dipping (possibly thrust) faults. Alternatively,
the quartzite could have been deposited directly on the
Archean rocks.

Conglomerate at Hamann Creek

Four occurrences of conglomerate interbedded with
volcanic rocks of the Wisconsin magmatic terranes have
been mapped in central Wisconsin, and several other
occurrences were recorded and named the Marathon
Conglomerate (table 1) by Weidman (1907). The largest
exposure is along Hamann Creek in southwestern Marathon
County (SEV4 sec. 35, T. 28 N,, R. 3 E.). Other exposures
are in the western margin of Marathon City, along the
Wisconsin River just west of Brokaw, and along the East
Fork of the Eau Claire River in eastern Eau Claire County
about 100 km west of Wausau (fig. 1). The conglomerate
along Hamann Creek contains boulders as much as 1 m long
of both red and gray quartzite, jaspilitic iron-formation,
volcanic rocks, and granitoid rocks; it is interbedded with
graywacke and intermediate and felsic volcanic rocks. The
boulders are matrix supported, and the conglomerate has
been intensely deformed (fig. 9) in local zones that are as
much as 20 m wide (LaBerge and Myers, 1984).
Deformation in the conglomerate is similar to that in the
surrounding graywacke and volcanic rocks. The volcanic
rocks are part of a succession (Pembine-Wausau terrane)
that has been dated at =1,840 Ma (Sims and others, 1989).
About 3 km south of the Hamann Creek exposures the
major zone of deformation is cut by a posttectonic granite
(LaBerge and Myers, 1983).

Relatively umdeformed conglomerate containing
quartzite and granitoid boulders as much as 25 cm in
diameter in a volcanic sandstone matrix is exposed along
the Wisconsin River at Brokaw, just north of Wausau. Both
red and gray quartzite clasts are present. A deformed
conglomerate with boulders of quartzite and volcanic rocks
was exposed in excavations in Marathon City, west of the
syenite plutons at Wausau. These conglomerates are
enclosed in volcanic and plutonic rocks of the Pembine-
Wausau terrane. A similar deformed conglomerate
containing gray quartzite cobbles and boulders is also
exposed along the East Fork of the Eau Claire River (Myers,
1980). This conglomerate is associated with deformed
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volcanic rocks of the Marshfield terrane, which has been
dated at 1,858+5 Ma (Sims and others, 1989).
Interpretation—These quartzite occurrences define
an easterly trending belt of conglomeratic rocks in central
Wisconsin that roughly parallels the trend of the Eau Pleine
shear zone to the south (fig. 1). The east-trending zone of
quartzite-bearing conglomerate indicates that an older
quartzite and iron-formation unit was being eroded during
deposition of the =1,860-1,840 Ma volcanic rocks. Thus,
quartzite with a minimum age of =1,840 Ma existed in
central Wisconsin during deposition of the conglomerate.

Rib Mountain

Quartzite xenoliths are common in the ring-shaped
1,470 Ma alkalic plutons near Wausau. Most of these
xenoliths are white quartzite; some, however, are red
quartzite. The largest of the white quartzite xenoliths forms
the crest of Rib Mountain, historically named the Rib Hill
Quartzite (table 1) by Weidman (1907) (this report, fig. 1).
The alkalic plutons intrude calc-alkaline volcanic and plu-
tonic rocks of the Pembine-Wausau terrane (LaBerge and
Myers, 1983). Although the volcanic rocks surrounding the
plutons at the present erosion level are metamorphosed only
to greenschist facies, several of the quartzite xenoliths
contain highly flattened quartz grains and strongly lineated
sillimanite.

Interpretation—LaBerge and Myers (1984)
interpreted the relations at Rib Mountain to indicate that the
quartzite was subjected to amphibolite-grade regional meta-
morphism, and that the quartzite xenoliths were carried up
through the 1,840 Ma greenschist facies metavolcanic rocks
during intrusion of the syenitic magma (fig. 10). This
interpretation requires that the quartzite be older than 1,840
Ma.

Quartzite at McCaslin and
Thunder Mountains

The quartzite at McCaslin Mountain and adjacent
areas, historically named the McCaslin Quartzite (table 1)
by Mancuso (1960), is exposed in hills along the northern
margin of the Wolf River batholith in northeastern
Wisconsin (fig. 1) (Sims, 1990). Olson (1984) reported that
the quartzite at McCaslin Mountain is at least 1,220 m thick.
It contains lenticular conglomerates in the lower 300 m, but
consists mainly of a mature quartz arenite. Although the
base is not exposed, the quartzite is interpreted to uncon-
formably overlie mafic to felsic volcanic rocks, which are
assumed to be part of the older (1,889-1,860 Ma) volcanic
succession of the Pembine-Wausau terrane (Sims and
others, 1989). The quartzite was folded into a southwest-
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Figure 11. Summary of data on age relationships of Proterozoic quartzite at nine localities in Wisconsin.

SUMMARY OF INTERPRETATIONS

Age of Quartzites

The data presented herein clearly indicate that some
quartzite bodies are older than 1,760 Ma (fig. 11), the lower
age limit of the Baraboo interval, as defined by Dott (1983).
The quartzite at McCaslin and Thunder Mountains is older
than 1,812 Ma, as indicated by the age of undeformed Hines
Quartz Diorite that cuts quartzite-bearing conglomerate, and
the quartzite at Hamilton Mounds is older than 1,764 Ma,
the age of undeformed granite that intrudes it. Also, the
quartzite at Vesper quarry must be older than 1,760 Ma, and

probably is older than 1,835 Ma, the presumed age of the
undeformed red granite associated with the quartzite. The
quartzite-bearing conglomerates in central Wisconsin, such
as at Hamann Creek—which are interbedded with volcanic
rocks in the Pembine-Wausau terrane—predate 1,860 Ma
volcanic rocks. Another quartzite-bearing conglomerate in
Eau Claire County (Marshfield terrane) is interbedded with
1,860 Ma volcanic rocks.

The ages of many other quartzite bodies cannot be
tightly constrained, however, because of the absence of
associated igneous rocks of known age. The Barron Quartz-
ite and the quartzite at Flambeau Ridge, for example, are
only known to be younger than the underlying volcanic
rocks (1,889-1,860 Ma). The controversial Baraboo
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Quartzite is presumed to be younger than the underlying(?)
rhyolite (Dalziel and Dott, 1970), which probably is 1,760
Ma (Van Schmus, 1978), but this should be confirmed by
dating rhyolite in contact with or near the quartzite.

Structural Summary

Structures present in all the quartzites in central and
southern Wisconsin south of the Eau Pleine shear zone
suggest that these rocks were deformed by south-verging
structural processes. At Hamilton Mounds, structures
indicate deformation in a south-verging fold-thrust system
wherein rocks with brittle and ductile deformation features
were tectonically stacked (fig. 2B). As at Hamilton Mounds,
the quartzite at Waterloo and Vesper also has north-dipping
cleavage, which suggests southward vergence. At Necedah,
the quartzite is steeply dipping, has south-facing cross-
bedding, and a nearly horizontal cleavage; kinematic data
indicate southward transport. Along the southern margin of
the exposed Precambrian in Wisconsin, the Baraboo syn-
cline is overturned to the south and has an axial plane
cleavage that dips north. Cambray (1987) suggested two
episodes of deformation in the Baraboo area: (1) formation
of an upright syncline; and (2) south-directed simple shear
to deform the upright fold to its present symmetry.
Similarity of structural features indicates that the quartzite
and the rhyolite on the north limb have been deformed
together.

We propose that the similarity in structural style and
evidence of consistent southward vergence together suggest
that the several quartzite bodies in central and southern
Wisconsin, in the Marshfield terrane, were deformed by a
major, complex, south-directed fold-thrust event. Available
data suggest that deformation predates the 1,835 Ma post-
tectonic red granite in central Wisconsin and clearly
indicate that the deformation predates the 1,764 Ma gran-
ite/rhyolite event in southern Wisconsin. Structural data at
Baraboo and Waterloo suggest that a north-verging
structural event of unknown age and extent postdates the
south-verging event. This event is expressed as south-
dipping foliation in rhyolite and quartzite at Caledonia
Church on the south limb of the Baraboo syncline and in the
Waterloo area.

TECTONIC IMPLICATIONS

The scattered quartzite bodies in central and southern
Wisconsin are interpreted as remnants of a once-extensive
sequence of platform sedimentary rocks that were deposited
on the passive margin of the Archean minicontinent (Marsh-
field terrane) that lies south of the Eau Pleine shear zone.
We propose that all of them were deformed in a major
south-verging fold-thrust system that extends southward
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from the Eau Pleine shear zone for at least 140 km to the
Baraboo and Waterloo areas in southern Wisconsin.
Structural and stratigraphic data presented herein indicate
that these rocks were deposited before 1,860 Ma, inasmuch
as clasts of quartzite (and iron-formation) are present in
conglomerates interbedded with the 1,860 Ma volcanic
rocks of the Marshfield terrane. This interpretation is
consistent with that proposed recently by Sims and others
(1989). They proposed that northward subduction moved
the Archean minicontinent (Marshfield terrane) beneath the
Pembine-Wausau terrane along the Eau Pleine shear zone,
resulting in voluminous magmatism (=1,850-1,840 Ma) in
the southern part of the Pembine-Wausau terrane.
Following collision, the platform quartzite and associated
rocks were obducted southward, being deformed for
distances of at least 140 km, to account for the distant
Baraboo syncline (fig. 12). Deformation predates the late-
stage (1,835 Ma) magmatism in central and southern
Wisconsin.
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over the counter in paperback booklet form only.

“Price and Availability List of U.S. Geological Survey Publica-
tions,” issued annually, is available free of charge in paperback booklet
form only.

Selected copies of a monthly catalog “New Publications of the
U.S. Geological Survey” is available free of charge by mail or may be
obtained over the counter in paperback booklet form only. Those wishing
a free subscription to the monthly catalog “New Publications of the U.S.
Geological Survey” should write to the U.S. Geological Survey, 582 Na-
tional Center, Reston, VA 22092.

Note.—Prices of Government publications listed in older catalogs,
announcements, and publications may be incorrect. Therefore, the prices
charged may differ from the prices in catalogs, announcements, and pub-
lications.






