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PETROLOGY, GEOCHEMISTRY AND CONTACT RELATIONS
OF THE STETTIN AND WAUSAU SYENITE PLUTONS
CENTRAL WISCONSIN

by

Mohan K. Sood
Paul E. Myers
Louis A. Berlin

INTRODUCTION

Alkaline igneous rocks are characterized by the presence of alkali
feldspars, sodic pyroxenes, amphiboles, and feldspathoids or quartz.
Generally, a high content of volatiles (C1, F, H,0, S, C0,), rare el-
ements (Nb, Ti, Zr, REE, Ta, Bi, and Be), and th& presencé of unusual
volatile bearing minerals (sodalite, eudialite, aenigmatite, astrophyllite,
villaumite, etc.) impart alakline rocks a character of extreme chemical
and mineralogical heterogeneity (Sorenson, 1974)--thus representing an
interesting physiochemical system of magmatic crystallization.

Alkaline rocks commonly occur in the following tectonic settings:

a. Tectonically stable regions of the crust--continental
platforms and Precambrian shield areas of North America

b. Rift zones--East African Rift, Rhine-Oslo Graben,
Montregion Province

c. The intersection of fault zones--Greenland (Sorenson,
1970, 1974)

GEOLOGY AND GEOCHRONOLOGY OF CENTRAL WISCONSIN

The work of Weidman (1907) is the first effort to systematically
describe the geology of north central Wisconsin. Recent re-examination
of the area has been by LaBerge (1969, 1971), LaBerge and Myers (1972,
1973) and Myers (1973) in refinement of geological mapping and inter-
pretation, Medaris et al. (1973) on the geology of the Wolf River Bath-
olith, Van Schmus (1973), Van Schmus et al. (1980) in geochronological
investigations of the region. Koellner (1974) on mineral chemistry,
Berlin and Sood (1979) on geochemistry and petrogenetic models.
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Occurrences of Alkaline Rocks of North America,
The tectonic boundaries are generalized. ( From Barbee, 1976)



The oldest rocks of the region are basement gneisses, schists, am-
phiblites, and migmatites which are exposed in the Wisconsin Rapids~
Stevens Point area (Figure 6b). However, the Central Wisconsin Complex
(1800-1900 m.y.) composed of metamorphosed basalts, rhyolites and trach-
ytes (Weidman, 1907, LaBerge and Myers, 1973) and associated granitic
rocks (Dutton and Bradley, 1970) form the dominant exposures. (Not if
you include rhyolite and granite in southeast Wisconsin, Smith, 1978).

Intruding the Central Wisconsin Complex are the 1500 m.y. old an-
orogenic Wolf River Batholith and the two Wausau Syenite plutons (Van
Schmus et al., L. Medaris, Jr., et al., 1975). The Wolf River Batholith
is dominantly quartz(?) monzonitic with local phases of syenites, granite,
and porphyries. Isolated masses of anorthosite occur within the batholith,
but their relationship to the main body is not well understood.

The Wausau Syenite Complex comprises a silica-rich phase of granitic
quartz syenite-pyroxene amphibole syenite associated at Wausau and a near-
1y contiguous silica-poor (nepheline bearing) phase at Stettin. Both of
the plutons have somewhat elliptical concentric zonal structures. (La-
Berge and Myers, 1973). The geochronological stratigraphy is given in
Table I. Regional geology is shown in Figure 2, Marathon County, Figure 3.
Generalized geology of the two plutons is shown in Figure 4.

TABLE 1

GEOCHRONdLOGICAL RELATIONS OF
THE PRECAMBRIAN ROCKS OF CENTRAL WISCONSIN

Unit Major Rock Types Age (m.y.)

Wausau Syenite Complex

1. Stettin body pyroxene syenite, 1,520%
amphibole syenite,
tabular syenite,
nepheline syenite

2. Wausau body granite, quartz 1,520*
syenite, pyroxene- +25
amphibole syenite .
Wolf River Batholith quartz monzonite, 1,500
syenite, granite +25
Central Wisconsin Complex basalt-rhyolite, 1,000-1,900**

trachyte, quartz
monzonite, granite

Basement Complex gneiss, migmatite, uncertain,
schist, granite 1,900*

*  Van Schmus, 1980, Chronology of igneous rocks associated with the Penokean

orogeny of central Wisconsin, Geol. Society of America, Spec. Pap. 182 in
press.
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2A--Generalized geochronologic map of Wisconsin showing the
location of the Wolf River Batholith and related Wausau Syen-
ite Complex (after Van Schmus et al., 1975a)

2B--Inset of Figure 2A.

Generalized geologic map of part of

central Wisconsin (after Van Schmus et al., 1975b).
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STOP #1

TITLE: RIB MOUNTAIN SUMMIT OVERLOOK

LOCATION:  Rib Mountain State Park observation platform, SEx Section 8,
T28N, R.7E., Wausau 15' quadrangle, Wausau west 7%' quadrangle

AUTHOR: Paul E. Myers
DATE: February, 1980
SUMMARY OF FEATURES:

The Wausau syenite-quartz syenite pluton in two segments (Figure 3)
and the more alkalic Stettin syenite pluton are exposed west of the Wisconsin
River near Wausau in central Wisconsin. These Middle Precambrian (1520+15 m.y.,
Van Schmus, 1980) plutons are concentrically zoned and show a distinct north-
northeasterly elongation. Each pluton has a contact metamorphic zone of
syenitized wall rocks, an alkalic laminated, xenolith-rich wall zone, an
intermediate zone and a core. Silica content increases inward in each pluton.

DESCRIPTION:

From this vantage point a good panorama of the region is available.
Rib Mountain is the resistant remnant of a large, keel-shaped quartzite
xenolith that forms a ring of xenolith five miles in diameter. To the south-
east Mosinee Hil1l and to the southwest, Hardwood Hill are similar xenoliths
of this ring structure. The flat, swampy area to the south is underlain by
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the younger Ninemile pluton which intruded the southern part of the Wausau
pluton. Parts of the guartz syenite rim and xenolithic masses are embedded
in the Ninemile pluton.

The southern segment of the Wausau pluton is circular in plan with a
diameter of eight miles. Although the core and south half of this caldera-
like structure were intruded by quartz monzonite of the Ninemile pluton,
its structure is preserved as a discontinuous ring of large xenoliths five
miles in diameter. The largest of these xenoliths--Rib Mountain quartzite
is over two miles long. Bedding in the xenolith dips steeply southward
toward the core. The top of the xenolith has been eroded leaving a keel-
shaped mass, s1ightly convex northward, and surrounded at depth by quartz
syenite of the crescentic intermediate zone. Quartzite xenoliths near in-
trusive contacts are typically veined and impregnated by K-feldspar. Pyrox-
ene and amphibole syenite, commonly containing volcanic xenoliths, form a
discontinuous outer rim (wall zone{ of the southern segment.

The northern segment of the Wausau pluton is semicircular in plan with
its truncated southern edge along the Rib River. The Stettin pluton is con-
tiguous with it on the northwest. Although its size and internal structure
are similar to that of the southern segment, its intermediate zone consists
of coarse gray syenite, and volcanic xenoliths predominate. The older northern
segment probably represents a caldera structure, which was partially destroy-
ed by intrusion of the southern segment.

The more alkalic Stettin pluton, northwest of here, is oval in plan
with dimensions of 5.0 x 3.5 miles. Three major zones distinguished in
mapping where: (1) a wall zone comprising aplitic biotite syenite, nepheline
syenite gneiss, and "tabular syenite", (2) an intermediate zone consisting
of coarse grained amphibole and pyroxene syenite with swirled flow lineation,
and (3) a circular core zone one mile in diameter comprising a rim of mag-
netite-rich nepheline-hedenbergite-fayalite syenite, and an inner core of
pyroxene syenite.

Both the Wausau and Stettin plutons possess strongly metasomatized,
but unassimilated xenolith-rich wall zones. Concentric cataclastic lamination
was developed by high-angle displacements accompanying their forceful emplace-
ment. Subsequent, more passive intrusion of the Ninemile granite caused a
partial foundering of at least the southern part of the Wausau pluton.
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STOP # 2

TITLE: Large Quartzite and Biotite Schist Xenoliths in the Core
Rim, Wausau Syenite Pluton

LOCATION: South end of Mosinee Hill, NE%, NE% Sec.27, T28N, R7E
Wausau 15' and Wausau West 7.5' quadrangles
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AUTHOR: Paul E. Myers, University of Wisconsin-Eau Claire
DATE: February, 1980

SUMMARY OF FEATURES:

This abandoned 3-M gquarry exposes the south end of a large quartz-
ite xenolith and a much smaller xenolith of biotite schist (Figure 1).
The lensoidal shape of the large xenoliths is extrapolated from shapes
of smaller ones throughout the intermediate zone. Near its contact with
guartz syenite the quartzite is impregnated with very fine-grained, in-
terstitial pink microcline which selectively replaced certain layers
in the quartzite. The abundance of interstitial K-feldspar diminishes
toward the center of the quartzite xenolith. Smaller quartzite xeno-
1iths have been thoroughly granitized. The question of whether these
xenoliths were carried up or down along the cylindrical wall of the
Hausau syenite pluton is still not answered.

The only significant bedrock occurrence of quartzite and hiotite
schist in this area is as xenoliths in the Wausau syenite pluton. The
xenoliths have the following important characteristics:

1. They show concentric, zonal distribution and orientation around
the quartz monzonitic core--the Ninemile pluton.
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FIGURE 7. Profile of the south end of Mosinee Hill

2. The largest xenoliths occur one mile outside the core.

3. The quartzite xenoliths are the largest because of their Tower
susceptibility to fragmentation and assimilation.

4. Flow structure in quartz syenite and feldspar lenticulation in-
dicate intrusion of the quartz syenite as a viscous crystal mush.

5. Mafic xenoliths were biotitized, and quartzite xenoliths were
granitized through the metasomatic addition of K,0 and AT1,0
with selective replacement of quartzite by fine-grained mfcio-
cline along bedding planes.

6. Xenoliths north of the Rib River are dominantly metavolcanic rocks,
whereas the xenoliths south of Rib River are dominantly quartzite,
biotite schist and very subordinate non-foliated metadiabase.

7. Quartz grains in the quartz syenite and the outer part of the

Ninemile pluton are granular, subangular, coarse grained and
strained.

THE NINEMILE PLUTON:

The Ninemile pluton has a granite rim containing xenocrystic quartz.
Samples taken at one-mile intervals across the pluton from north to
south and from west to east show a decreasing percentage of xenocrystic
quartz and an increasing amount of plagioclase toward the center of the
pluton. The contact at the Ninemile pluton is locally discordant, as at
Black Creek 1.7 miles northwest of here. Miarolitic cavities, some filled
with large quartz crystals are common along the west side of the Ninemile
pluton. They indicate shallow conditions of crystallization.
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Figure 8--Block diagram of the northeastern corner of the southern
segment of the Wausau syenite pluton at Mosinee Hill showing abundant,
well-oriented quartzite (q) and biotite schist (bs) xenoliths in a flow-
laminated, lensoidal quartz syenite (1qsy). The Ninemile quartz monz-
onite pluton (gm) intruded the quartz syenite with only a Tocal discord-
ance. The lensoidal syenite is bounded on the east by a thin wall of
amphibole syenite (asy) which is itself in fault contact eastward with
felsic volcanics. These rocks are cut with sharp discordance by a
prominent diabase (db) dike which is characterized by a strong reverse
polarity. The Qal is Wisconsin River alluvium. The shaded rectangle
shows the 1coation of the profile in Figure 1.
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STOP #3

TITLE: Flow Structure of the Wall Zone, Wausau Syenite Pluton

LOCATION: 01d Technical Institute, Power Dam, Wausau. NE%, NE%, Sec.35,
T29N, R7E. Wausau 15' and Wausau West 7" quadrang]es

_lL..JI

Technical =~ \|
Instituteny \\

AUTHOR: Paul E. Myers, Department of Geology, UW-Eau Claire

DATE: February, 1980
SUMMARY QOF FEATURES:

An early, medium-grained pyroxene-amphibole quartz syenite con-
taining NW-oriented quartzite, schist, and volcanic xenoliths is cut
by coarser-grained, flow-lineated quartz syenite of similar composition
(Figure 9). Average xenolith orientation here is structurally con-
tinuous with the concentric Tamination of the Wausau syenite pluton
whose granite core is in Ninemile Swamp 5 miles southwest of here.
"Rootless", lenticular pegmatite with walls of coarse K-feldspar and
cores of quartz were probably differentiated from the nearly crystallized
syenite at places of greatest quartzite assimilation. Thin screens
of biotite schist and quartzite were rafted up or dropped down and brec-
ciated in the viscous syenite magma (Figure 10).

DESCRIPTION:

According to Weidman (1907, p. 203-208) the "Wausau-type" quartz
syenite is composed of alkali feldspars (orthoclase, microcline, al-
bite, and microperthite), barkevite, hedenbergite, fayalite, biotite
and quartz. Accessories include fluorite, apatite, magnetite, zircon
and allanite(?).
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Structures and cross-cutting relations of the syenite phases
exposed here typify those seen throughout the crescentic northern
rim of the Wausau syenite pluton. They are listed and described
below in order of decreasing age.

1. The oldest rocks here are xenoliths in the syenite. They in-
clude thoroughly recrystallized, schistose, amphibolitic meta-
volcanics, quartzite, and virtually unaltered felsic tuff. Note
that long dimensions of xenoliths tend to be parallel to lam-
ination and/or foliation and that, despite 1ithologic disparity,
their mutual alignment imparts a distinct structural "grain" to
the enclosing syenite--a factor believed to be of considerable
s;gnificance in working out an emplacement mechanism for this
pluton.

2. An early, fine-grained, flow-laminated lensoidal quartz syenite
may represent a chilled phase.

3. Coarse-grained, flow-lineated pyroxene-amphibole quartz syenite
cuts the fine-grained phase with sharp discordance. This unit
contains irregular, lensoidal and tabular inclusions of amphi-
bolite, schist, and quartzite most of which show Tittle assimi-
lation. Although most of these inclusions show northwesterly
elongation, the enclosing quartz syenite displays highly dis-
cordant flow-lineation with swirls and eddies suggesting con-
siderable turbulence and viscosity in the quartz syenite magma.
After gaining access to the xenolith along its banding or schis-
tosity, the magma pulled loose segments from its surface. With
increasing magma/xenolith ratio the xenoliths became plastic and
were strongly deformed in the flowing magma. Quartzite xenoliths
appear to have been more readily plasticized presumably because
of lower melting point. A screen of schistose metadiabase(?)
crosses the south end of the outcrop. Its thin western end shows
plastic deformation and "pull-outs", whereas its more brittle
eastern end is segmented into many angular fragments (Figure ).

4. Late-stage, lenticular granite pegmatite veins with quartz cores
probably represent residual liquid segregations along incipient
contraction fractures in the already crystallized syenite. They
appear to be "rootless" and of local derivation--perhaps from
zones of abnormally high quartzite assimilation.

5. Coarse, sodic amphibole crystallized along joint surfaces.

It is suggested that many of the structures in the syenites and
quartz syenites of the Wausau pluton indicate forceful, subvolcanic in-
jection of dry, viscous syenite magma. Detailed structural analysis may
in time reveal the mechanisms of magma flow and xenolith mixing within
the magma. Do the xenoliths, for instance, represent fragments from a
fault breccia formed initially during caldera collapse and later invaded
by upwelling syenite magmas?
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STOP #4

TITLE: Lensoidal Quartz Syenite, Employers' Mutual Insurance Company

LOCATION: NW4, SE4, Sec. 27, T 29 N, R 7 E, Wausau West 7.5' Quadrangle

Zvel D

.

»- SD‘m

AUTHOR: Paul E. Myers, and Manmohan Sood
DATE: March, 1980
SUMMARY OF FEATURES:

Coarse-grained, pink and brownish gray quartz syenite containing up to
60 percent volcanic xenoliths (best seen on horizontal surfaces) is exposed
in an old quarry behind the offices of Employers' Mutual Insurance Company.
This rock exemplifies contaminated quartz syenite of the "intermediate zone"
of the Wausau syenite pluton (Figure 3). Associated quartz syenite elsewhere
in this zone contains large, metasomatized quartzite and/or mica schist xeno-
1iths, the most spectacular of which is exposed on the summit of Rib Mountain.
The Rib River "lineament" separates the two crescentic segments of the Wausau
syenite body.

DESCRIPTION:

The quartz syenite at this location is composed of coarse perthite (80%),
quartz (10%), and sodic pyroxene partially replaced by mixtures of dark green
amphibole, carbonate, and magnetite (10%). Quartz is interstitial. Large
magnetite segregations can be observed along the road on the east side of
this outcrop. Four facies of quartz syenite were recognized and analyzed
chemically (See Table 2). The pink syenite contains up to 60% trachyte or
rhyolite (?) xenoliths which are lensoidal with blunt, broken east ends and
rounded (assimilated?) west ends. Their orientation is consistently N 70-

759 W, vertical in this area (Figure 10), and they are seen best on horizontal
surfaces. Large quartzite xenoliths occur in the quartz syenite along the
ridge crest north of here. The crescentic form of this part of the Wausau
syenite body also shows as a conspicuous magnetic anomaly owing to the high
concentration of magnetite as sheets and lenses in these rocks. The xenoliths



0 | meter (in detailed area)

Figure 11-- Volcanic xenoliths (dotted) in flow-lineated amphibole quartz
syenite (white). Outcrops in grassed area between three roads
behind Employers' Mutual Insurance Company.

show up on fresh surfaces mainly as slightly finer grained, darker colored masses.
In addition to the angular volcanic xenoliths, the quartz syenite here contains
mafic schlieren and clots showing irregular shape and orientation as well as
gradational boundaries, a factor suggesting their more distant derivation and
more thorough assimilation.

Xenoliths of highly disparate 1ithology, and metamorphic grade occur side
by side in these plutons. Their lenticular shape suggests mechanical segmen-
tation before or during syenite intrusion. Convoluted flow lineation in amphi-
bole syenite (as at the 01d Technical Institute in Wausau) indicates viscous
flow, probably due to water-deficiency of the magma. At many locations it is
very difficult to distinguish the intrusive phase: indeed, one is hard-pressed
to find an uncontaminated syenite exhibiting the features of a true intrusive
rock. Sillimanite-bearing quartzite occurs as a tabular xenolith in fine-grained
hornblende syenite 2.5 km west-northwest of here. The sillimanite suggest
considerable upward transport of the xenolith from a high-grade metamorphic
basement. The mica schist and metagabbro(?) xenoliths at Mosinee Hill and
along the east side of the Wausau syenite body also suggest a deep-seated
source. The close-spaced juxtaposition of xenoliths of disparate 1ithology

indicates considerable vertical movement of wallrock fragments. To what degree
did collapse modify these intrusive relationships? Does the quartz syenite

represent a syenite magma which was contaminated by zenolithic quartzite?

To what degree was the syenite able to assimilate xenoliths? Textural relations
seen throughout the pluton suggest 1ittle assimilation but considerabie dilation
owing at Teast in part to explosive eruption.
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TABLE 2

Bulk chemical compositions of the four principal quartz syenite facies from
Employers' Mutual Insurance Company Quarry.

EW-3 EW-5 NSI SEI

(WEST) (EAST) (SOUTH) (NORTH)

Description Brownish- | Coarse, dark | Pink syenite, with Medjum-grained

— gray gray volcanic xenoliths syenite
5102 63.05 63.55 63.90 64.10
Ti0, 0.78 0.54 0.47 0.48
A1,04 12.60 15.16 14.14 15.17
Fe,04 1.91 1.25 5.42 4.58
FeO 7.72 3.48 1.32 1.44
MnO 0.34 0.16 0.14 0.12
MgO 0.41 0.16 0.45 0.09
Ca0 2.66 1.72 1.35 1.50
NaZO 4.80 5.52 6.32 5.17
KZO 4,22 5.67 6.34 5.57
Ho0 0.76 0.42 0.56 0.26
P,0c 0.22 0.06 0.05 0.06
002 0.28 1.92 0.62 0.09

Ba0 0.094 0.066 0.024 0.036

Zr‘O2 0.222 0.114 0.062 0.071
Rb 154 118 80 80
se PO0 78 83 67 42

In comparison with Nockolds' (1954) average syenite composition (see
Table 2), these quartz syenites are richer in Si0, and total iron and poor
in alkalies and 1ime. Their Rb and Sr contents aae also low compared to
other similar rocks.
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THE STETTIN SYENITE PLUTON

Although Weidman (1907) mapped the geology of north-central Wisconsin
and paid special attention to the mineralogy of the syenites near Wausau,
Emmons and Snyder (1944) hypothesized formation of the Stettin syenite
body by metasomatism of feldspathic rocks along shear zones with alkali-
rich solutions derived from a subjacent granite batholith. Turner (1948)
studied the heavy accessory minerals and radioactivity of the Stettin
pluton, and Geisse (1951) described the petrography of this pluton. Pet-
rographic and geochemical investigation of the mafic minerals and nepheline
of the Stettin pluton initiated analytical studies which have been extended
by the work of Sood and Berlin.

The concentrically zoned Stettin pluton (Figure 12) is oval in plan,
elongated northeasterly, with a length of 5.5 miles and a width of 4.0 miles.
Older volcanic rocks enclosing the pluton have been extensively syenitized.
The eastern and southern margin of the pluton is a complexly laminated series
of altered volcanic screens and pendants and various, contaminated intru-
sive phases of the syenite including nepheline syenite. The wall zone
comprises a discontinuous outer rim of gneissic nepheline syenite, and
an inner layer of tabular syenite (Stop #5). The intermediate zone (Stops
#6 and #7) is composed of amphibole and pyroxene syenite showing consider-
able variation in composition and texture. The amphibole syenite is com-
monly quartz-bearing. The core zone (Stop #8) is one mile in diameter
and is located asymmetrically near the north end of the pluton. The core
zone comprises a well-defined, cylindrical rim of indistinctly banded neph-
eline syenite surrounding a core of pyroxene syenite. Field relations in-
dicate the following intrusion sequence: (1) pyroxene syenite, (2) nepheline
syenite, (3) tabular syenite, (4) amphibole syenite. Numbers 3 and 4 could be
reversed. This evidence is based wholly on field relations (Myers). It
should also be emphasized that the intrusion sequence may not be the same as
the crystallization segence. Analytical work (Sood and Berlin, this guidebook)
suggests a very late age for the nepheline syenite. (See discussion of
petrochemistry beginning on page 46 ).

A summary tabulation of paragenetic relations of minerals in each zone of
the Stettin syenite pluton is presented with modification from Koellner
(1974) in Table 3.
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Comparison of the Wausau and Stettin Plutons

P.E. Myers

Despite obvious differences in size, shape, xenolith types, zoning
sequences, and silica saturation, the Wausau and Stettin plutons share several
significant similarities: (1) the pyroxene and amphibole syenites of the
intermediate zone of the Stettin pluton are compositionally equivalent to
the outer wall zone of the Wausau pluton, (2) the lensoidal quartz syenite
and probably comagmatic Ninemile quartz monzonite of the Wausau pluton, are
probably the silica-rich end-members which would have differentiated from
the Stettin pluton after crystallization of the amphibole syenite. Koellner
(1974, p. 31) reports contents of up to 15% in the pegmatitic phases of the
amphibole syenite. The close spatial association of zoned granite pegmatite
veinlets (Stop #3) and quartzite xenoliths suggests at least Tocalized
silification of quartzite and other sili-saturated wall rocks. The relative
silica undersaturation of the Stettin pluton may be due in part to the Tow
silica content of the volcanic rocks which it intrudes.

The Wausau and Stettin plutons probably represent the near-surface "roots"
of two collapse calderas (Figure 26). Miarolitic cavities in the margin of
the Ninemile quartz monzonite indicate that the quartz monzonite intruded
the caldera core and part of its rim to within a short distance of the surface.
Although probably related in some way to the rapakivi granties of the Wolf
River batholith, Van Schmus (1980, in press) has determined that the Wausau
syenite plutons were intruded at 1520 m.y. as contrasted with a 1500 m.y. age
for the Wolf River batholith. Thus, the syenites appear to represent an
early, shallow, volcanic manifestation of Wolf River batholith intrusive
activity. Evidence suggesting that the Stettin pluton is the older is:

(1) fragments of porphyritic trachyte (?) similar to that now
exposeq on both sides of the Wisconsin River at Brokaw are
found in the Wausau syenite (Stop #3);

(2) the Stettin pluton produced a wider halo of syenitization and
contains fewer unassimilated xenoliths.

Shearing with chaotic vertical displacement and mixing of wallrock fragments
was greatest in the intermediate zone of the Wausau pluton and less important
in the wall zone of the Stettin pluton. Semi-detached wallrock slices,
pqrt]y sheared away from the cylindrical wall, are seen on the east and south
§1des of.the Stettin pluton. By contrast, xenoliths in the contaminated
1nterm§d1ate zone of the Wausau pluton were completely detached and show no
essent!a1-rg1atlonship to contiguous wallrocks. Thus, there appears to have
been significantly greater vertical transport of xenoliths in the intermediate
(ca]deya rim) zone of the Wausau pluton. The occurrence of sillimanite in
quartzite xenoliths at Rib Mountain (3-M quarry) and on a ridge about 1 1/2
mile northwest of Stop #4 suggests a derivation from a deeper metamorphic
basement. However, the possibility of the metasomatic origin of sillimanite
shou]d.ngt bg ruled out. There is certainly ample evidence of metasomatism

- syenitization - of xenoliths throughout the pluton.
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There is little doubt of the close genetic relationship of the Wausau,
Ninemile, and Stettin plutons. Based on field relations, the cross section
reconstruction is proposed (Figure 26). The concentric xenolith-rich zones,
which typically show effects of shearing, suggest that the vertical movement,
probably up and down, was localized in these caldera rim collapse structures.
This suggests that the floor of the Wausau syenite caldera foundered in the
upwelling Ninemile quartz monzonite.

Our field and laboratory investigations are now focusing on the Wausau
syenite and Ninemile plutons. After completion of this work, a much more
detailed picture of magma emplacement conditions, sequence, and mechanism
as well as its association with volcanism should be possible.



i | 3 & 3
l————— STETTIN PLUTON —i fe——— WAUSAU PLUTON ——— |
EXPLANATION
L5 Ninemile quartz monzonite é
it Amphibole syenite '

Pyroxene syenite

Gneissic nepheline and tabular syenite border facies

Syenitized volcanic rocks

Lensoidal quartz syenite with xenoliths of biotite schist and quartzite

Alkalic extrusives, probably pyroclastics and subordinate flows

Quartz diorite

Quartzite

Clder calc-alkaline volcanic rocks, mainly andesite and rhyolite

Figure -- Hypothetical northwest-southeast section across the Stettin and Wausau syenite plutons as they
would have appeared about 1450 m.y. ago. Line A-A' represents the present land surface.
See Figure 4 for location of section A-A'.
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