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WISCONSIN GECLOGICAL SURVEY e
A STRUCTURAL STUDY OF THE WAUSAU AREA

R. C. Exrmons and F. G, Snyder

The area of this study includes twelve townships, Townships 28 to 30C,
Renges 5 to 8E;, It is located in Marathon County, Wisconsir, and includes the
City of Veusau in the east central part, It is crossed by U.S. Highway No. 51
from north to south, by State Trunk Highwey No. 29 from east to west, snd in part
by State Trunk Highway No, 52 which leads from Weusau northeastward. Elsewhere
within the sres ere several county trunk highways and many secondary roads of good
quality. In gemeral, roeds are one-hslf mile to one mile epart.

There is comsidsrable querrying of granite, quartzite and ergillite with-
in the sres, which is devoted primasrily to farming. Several attempts have been
made in the past to exploit the occurrences of nepheline and zircon which sheve long
been known. Nepheline, which is the chief objective of the present work, hes not
been found in suitable iron free gquality nor in sufficient guantity at the surfece

for quarrying operations.

The purpose of this study has been to learn thé conditions under which
the nepheline depceits were formed with e view:

(1) To delimiting the ares of the nepheline occurrences,
{2) To determining something of the nature of the nepheline reserves,
{3} To lesrning scmething sbout the factorz which determine the iron

content of the nepheline,

For seversl years now it has appesred that the nepheline owes its origin
and distribution locally to struotwral factors within the arsa. Vith this in
mind this structural study was undertaken, snd the results of the field work are
offered here,

We have had the distinct advantage of two separate pieces of work in the
erea to help us, that of Weidman, published as Bulletin 16 of the Geological Sur-
vey of Wisconsin 1907, end that of the ¥Wisconsin Geological Survey field parties
of the early 1920's supplied to us &s blue print township plats of the geology:
We have modified somewhat these interpratations but have drewn heavily on them,

as scknowledged in the accompenying map.

The rocks occurring here are voleanic flows end sssociated sediments over-
lain by quertzite, later intruded by granite which differentisted into seversl
types ineluding the nepheline-bearing rocks, as & result lergely of the structural
control of the overlying roof rocks. ¥ith this picture in mind the many rock
types found in the ersa are seen to be in considerable pert modifications of the
few fundamental types, and the complex picture of the esrlier mepping may be
simplified grestly by grouping the modifications under genersl heacds. The funda-
mental rock types and their modifications will therefore be discussed first.

Their mutual relationships will then be more eassily described.

Rh olite. The rhyolite is best exposed and occurs in larger bodies in

the esstern portion of the aree, The mapped rhyclite irmediately emst of ?ausau
is well exposed and in considerable pert is unsltered, Another excellent locality




in which to study the rhyolite is Big Sandy Park where Big Sandy Creek cuts the
rhyolite and provides a continuous exposure for 100-200 yards and additicnal ex-

posures beyond.

In general the rhyclite is a dark reddish or dark gray porphyritic rock,
massive in structure and outcropping better than many other rocks of the district.
The rhyolite matrix is extremely fine=grained, much too fine~grained for field
study. The phenocrysts sre feldsper end quartz. The nature of tThe phenocrysts
is not constant over the area, being usually feldspar, sometimes quartz and commonly
feldspar with & little guartz. The feldsper is orthoclase at some localities, is
usually plagioclase, and locally includes both. The feldspar may be either white
or red, but is more commonly white in the darker rhyolite occurrences and is red

in the reddish rhyolite,

The Big Sandy Creek exposure gave the best opportunity for study in the
area, The rocks eppear on both sides of the stream as well as in the bed., BEx-
posures are good. Nost of the rock is rhyolite, most of the rhyolite is porphyritic,
the remasinder (10-20%) is chlorite schist. Virtually all of the rhyolite is at
least somewhat sheared. The matrix of the least sheared rhyolite is too fine-
grained for the hand lens but the orthoclaese phencerysts ars 12 mm. long. They
show up best on the westhered surface. The thickest beds are inclined to be
magsive, are 20«25 feet thick; others are as thin es 3 feet. The original lithology
of the thinner beds is a quesbtion since they have developed schistosily rather

.consistently and are now chlorite schist, The ettitude of the beds end schistosity
is uniformly strike N75°E, dip B0YS, QOriginal flow structure in the rhyolite is
quite commonly evident and in many beda is very marked.

In the area northeast of Vausau and southesast of Broksw, the rhyolite wss
observed mainly in surface float rather than in outcrop. Here much of the rhyolite
carries only clear, glassy guertz phenoccrysts in evhedral to subhsdral form, and
having plentiful inclusions of magnetite or chlorite, For the most part, however,
the thyolite hers carries plagioclasse phenocrysts, well twinned, and white in
color, The matrix is very dark. Some of the rhyoliteé in this section is shearsd

in which ocase it ia guite light gray in color.

Diredtly east of Wausau, about one mile from the city limits (NE{ NE;
Sec. 29, T 29 N, R 8 E), the rhyolite is well exposed on the crest of s southward
fecing hill, The matrix is fine-grained, almost glessy, medium gray in color and
carries phenocrysts of quartz and plegioclase. The quartz is well rounded, and
is by no means abundant, possibly no more than one per cent of the rock. The
plagioclase phenocrysts constitute between five and tem per cent of the rock.
They are in subhedral to euhedral crystals, 2-3 mm, in diameter, white in color
end well twinnmed on the albite~carlsbad complex law, The rock shows s very
messive character at fThis point. The outerop does not permit the determination

of individusl Fflow thick;ess.

These descriptions apply to the rhyolite in its most{ nearly unaltered

form. The recognized modifications of the rhyclite are of special interest since
the rhyolite is so closely associasted with other rocks of critical interest in

the area, some of which bear a slight resemblance to medified rhyolite, A few
selected modified rhyolites may well be described. A common aspect of the rhyolite
where it is close to the intrusive aplite or is cut by aplitic epophyses is &
glassy medium gray rock, with or even without phenocerysts, in which the matrix

is distinetly spotied by chlorite in small greins or in aggregates. Vhere the
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aplite apophyses are lsrge and numerous, such as immediately east of the city limits
of ¥eusau on County Trunk Highway "N" and in the environs south of the highway, the
Thyolite goes far to blend with the aplite through recrystellization, Apparently
this slterstion does not extend far from the aplite-rhyolite comtact, peossibly only
s few feet, though the apophyses have been observed to penetrate the rhyolite for
two or three hundred feet. This is illustrated on Higlwey "J" one mile north of
Highway "N" in SEI SEL, Sec. 25, T 29 N, R 8 E, and agein on Highway "N" just esst
of Vausau, though less cleerly (South border Sec, 31, T 29 N, R 8 E).

Contiguous to the intrusive granite the rhyolite is dark, even beccming
dioritic, This peculiarity is not easily explained since the contact selvage is
higher in mefic constituents than is either the granite or the rhyclite. Bedrock
exposures are §o mesger in these places that only & suggestion can be offered in
explanation. Ve have observed repeatedly thet the rhyolite darkens at Intrusive
contacts with the grenite emd looally becomes highly mafic, This process of change
leads to & granite hybrid which ranges from granodiorite to mafic diorite. Ume
interpretation of these facts is that the rhyolite passes downward into more
vulnerseble and mafic rock, such ss greywacke or greemstone which yields the hybrid
mentioned. The rhyolite itself, being refractory, repels the intrusive which stops
progress after digesting the mafic meterial; hence the hybrid salvage between the
intrusive and ths rhyolite, ‘ !

The exposure of rhyolite on ths north bank of the Eau Cleire River just
sest of the bridge near Kelly shows both the spophysal penetration of rhyolite by
apparent granite and the development of small plagioclase laths through recrystal-
lizetion, in addition to the spotty eccumulation of mafic material already des-

oribed.

Southeast of Schofield (in Sec. 20, T 28 N, R & E) the float indicates
the nearest approach to & gradation between asplite end rhyolite of eny rock seem
in the aree. OSome of the rhyolite flost here shows flow banding which bears a
resemblance to the bended amplite seen elsewhere. Also shown here are various de-
grees of development of the mafie hybrid type from the rhyolite. Since, however,
none was found in place, the conclusions must be withheld,

Another type of alterstion of the rhyolite is found in ST3 SE of Sec. 26,
T 30 ¥, R 6 E, where the rhyolite has been sheared to produce a very white, very
fine-grained, apparently sericite schist., There are gquertz augen, spperently
phenocrysts, in the schist. The schist cuts rhyolite which is hers exposed in

the roedsids,

It will be shown below that much of the rhyoclite of the mep srea and most
of the smaller rhyolitic bodiss are shallow and yield downwerd to eplite or granite.
The reticulating dikes and veinlets which characterize much of the rhyclilte ere
to be interpreted ms such contact effects end not as features of the rhyciite

itself,

Gresnstone. Ve have chosen to include under this heading the following
rock types --- srgillite, basalt, esgglomerate, chloritic greenstone schist, and
hornblendite. Ve have done so with the thought that all these rock types are
closely related, as will be shown. Although the dioritic and gabbroic hybrids
could well be inciuded here, we heve chosen to classify them with the gramnite,

Actually they sxe contect phases on s large scals.

The most abundant of the greenstone types is argillite which ocours ex-
tensively over the northern part of the mep area. It is best exposed for study
near the Visconsin River, where it outcrops in several places boldly end is alse
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revealed in rosd ocuts. It includes both messive snd banded types, end both mafic
end quartzitic types.

The best exposure of the argillite type is to be found in the Brokaw
quarry whore the grgillite 1s being used for roofing granules. Outcrops to the
south of the quarry for e half mile are also good, especially in highway roed cuts,
The surfece six fest are badly jointed to produce the customary small, angular,
hand size blocks so commonly found as float where outorops are lacking. Below
this the rock, though jointed is messive in large part. GSome beds ere badly
jointed as deeply as the cuts revesal them, The argillite may be divided into three
mein types---banded argillite, messive argillite, and guartzitic argillite,

The banded argillite is perheps the most common of the three. The band-
ing is not very evident on & freshly broken surface but ordinarily shows well on
a weathered surface. In the quarry, however, the banding shows well on fresh sur=-
faces in some parts. The banding consists of color contrasts showing beds reng-
ing in thickness from that of a sheet of psper to 1/4 inch., The bands sre by no
means parallel but show marked lenticular form. There is no evidemt contrast in
grein size of contiguous beds., VWithin beds there is further banding, end overall
sontrasts are evident in stratigraphic units six feet thicks But under the lens
£11 beds are composed of material beyond resolution. In several of the exposures
south of the quarry the bedding shows marked folding, even cremuletion, without
any epparent incresse in fracturlng of the rock, this despite its hard siliceous

nature.

The massive argillite is a dark greenish gray rock for the most part,
uniform in color and lacking evident structure. In places it carries small ons
millimeter spots of chloritic material but in most pleces is uniformly colored,
hard snd massive. Specimens from different parts of an outcrop of masuive
ergillite may show distinet color contrast but one is not conscious of The change

in the rock at any particulaer place.

One modification of the messive argillite shows strong development of
serpentine. This rock is strikingly messive end uniform and appears to be con=
fined to definite beds. It is not of infreguent cocurrence but is much less
~ common than igs the silicecus type.

St111 anvther massive type of argillite, apparently of only occasional
occurrence, is one which has the appesrance of being highly sericitized., It can
be scratched by a imife but also scratches the knife. It has an srgillaceous
odor, its color is quite light gray, snd its texture is beyond the reach of the
hand lens. It may be an elterstion product near sn intrusive contmet,

The most quartzitic argiilite seen is being quarried in the Brokaw querry.
This rock will undoubtedly Pprove urder the microscope to be movaculitic. It is
trenslucent, psle in color, in part massive, in part banded, extremely fine-
grained, snd bresks with s conchoidsl fracture. When struck with a hemmer it has

a metallic ring,

Another excellent exposure of argillite, most of which is finely bended,
is in a romd cut on the east side of the Wisconsin River directly north of Wausau
on Highway "%" in Sec. 12, T 290 N, R 7 E. This rock is more chloritic than that

et the Brokaw guarry but otherwise is quite similar to it. It is well and finely




bedded 3in the southern part of the exposure and quite massive in the northern part.
The exposure is sbout a quarter mile long.

Elsewhers in the areas greenstone occurs frequently but usuelly in small
oubcrops and masked by typically intense surfece fracturing. Also, 1t is commonly
modified by the closely underlying igneous intrusives, and is dissected by their
apophyses. This applies especially to the large areas of argillitic preenstons
in the north and west of the map area.

In two pleces, agglomerete was found -~ one in the SEL, Sec, 12, T 29 N;
R 7 B, reached on Highway "W" north of Vausau. It occurs on & hillside in s
pasture about 100 yards from the road, The other cocurs immediately south of the
Brokew quarry in a prominent rock cut on the highway. In both occcurrences tulf
and agglomerate are found together, BEspecielly in the Broksw oceurrence the
lerger fragments are rounded, giving the rock the aspect of a conglomerate.
fregments are, however, all volecanic. The tuff and tuffeceocus metrix of ths
agglomerate is composed &f volcanic fragmants, highly anguler in shepe, varioualy
colored and textured snd dominantly uder 1/4 inch in size. This rock is compara-
tively soft, especielly when compared to the argillite. It appears to be kaolinized
or sericitized, Under the hand lens the entirs rock sppears tco fine~grained for
resolution. Only by color contrast do the tuffaceous and agglomeratic fragments
stand out. Various colors are represented, mosfly derk, the fine matrix is mostly
¢ mauve Shade. The largest fragment seen in the agglomerate is one foot in diameter,

The majority of the fragments mre one to four inches,

The

The hornblendite which is found only at two places in the ereas {Sec., 33,
T 28 N, R8E, and Sec, 13, T 28 §, R 8 B) is & rock of unusuzsl interest and sig-
nificance in its connection with the structural history of the area. It is a
metamorphic rock composed of large poikilitic hormblende crystels messuring common-
ly over one inch across and in the extrems as large as ‘three inches long in a
matrix of dominant hornblende and & little feldspar. It is asssociated with green=-

i wd

stone and grenite.

Grenite. It is probable that there are two grenites in this area but no
field method has been found to recogmize the older of the two. It is possible
thet the granite of the rapids at Big Rib Falls is the older granite but ws are
unable to offer evidence. It is probable that the overwhelming bulk of the gramite
of the area is younger granite whioh is intrusive into all the rocks represented
on the map. Included under the mep designation "granite" are alsoc the hybrid rock
types, diorite and gabbro. MNost of the granite is red. When contaminated by
greenstone, the granite becomes white or gray or even black end gabbroic,

The red granite, the common grenite of the district, is by no mesns uniform
even in those parts of the area which are presumably remote from foreipgn contamine-
tion., From place to place there are differences in the orthoclaseplagioolase ratio,
in the quartz content end even in the hormblende content. The presence of biotite
has been adopted as one indication of contamination by greenstone., Commonly, %too,
the contaminated granite is gray rather than red, and is higher in mafioc con-
stituents than is the common reé grenite., From place to place the red granite
textuie shows differences but the most striking differences in texture are to be
found near local contaminaticon. Aplite dikes seem to be a common feature of the
granite, te be seen in almost any large exposure, Pegmatite and lempophyre dikes
are more limited to the vicinity of areas of foreign contact. '

_ There are seversl querrise in the red granite, in areas where the granite
is most "normal” end uniform. The granite at these points is indeed rether uni-



form, A typical quarry granite of the Weusau area is feldspar 65%, including
both orthoclase and plagioclase, quartz 35%, and usually a little chlorite. The
texture is coarse grenitic, about 5-6 mm, The rock is messive end in the deeper
parts of the quarries is very widely jointed. Some of the guarries show e
seriously large number of chloritic paulopost viinlets which necessitate the dis-
carding of quantities of otherwise marketsble rock. Rarely are inclusions a
problem in the granite quarries of the Waussu sres.

Areas of hybrid are guite numerous. A bypical example is that in the
northwest corner of Sec. 34, T 29 N, R 6 E, Here the rock is greenish gray, fine
grenitic in texture (1-2 mm.) it is dominantly feldspar (80%), and carries about
15% of chiorite and hornblende. The quartz content is about 5%. As is character-
istic of the granite nybrids in genersl, the individual minerals sppear to be
masked by an slteration such as sericitization which dep:ives them of the sharp
boundaries due to color contrast associated with fresh granite.

Hybrids mey be found in the aerea in all stages of reaction. Some such as
that exposed st Big Rib Falls contain quentities of gquite undigested greenstone.
Scme, such as the exposure in the rock cut where County Trunk Highway "0" croases
State Highway No, 29, show the greenstone well recrystallized but by rno means
grenitic in texture except locally. Some, such as the exposures in Sec. 25, T 29 N,
R 5 E, show the inclusions as ghosts. This is also shown in a more advanced stage
in Sec. 29, T 30 N, R 8 E, A most extreme degree of reactiom is illustrated by
the gréenite in SW2 SE} Sec. 16, T 29 N, R 8 E, Hers the rock is a biotite granite
sarrying about 10% of biotite. Other illustrations could be given but these
illustrate adequately the principles involved., Usually ths hybridizetion can be
traced from greenstone scross the greenstone-granite contact almost anywhere with-
in the area, through the stages described out into biotite grenite and finally imto
thet which we choose to recognize a& “normal" granite,

An attempt was made to learn the depth to which the greenstone influences
the granite. Where this could best be learned, in the northwestern part, outcrops
are too scettered end we felt that such oriticul information should not depend on
flost. Im the northsast corner it can be said that one mile from the greenstone
the granite shows no recognizable effect of the greenstone. This assumes that the
contact is vertical since the messurement is made on the present surface. There
will be offered svidence that most of these contacts have a very low angle of dip
snd doubtless therefore the stated mile can be reduced well below half thet distance.

The mutual effects of granite and greenstone may be of the type describsd
above, presumably the normal reaction when greenstone reacts with the main body -
of the granite where diffusion is most free to opsrste. Ancther type of hybrid-
ization and one less commonly seen is that which leads to the conversion of green-
stone to dioritic end gebbroic rosk typss., There are two localities within the
map ares where such rocks have besn formed -~ the ares aroupnd Cellon snd the area
ground Big Rib Falls.

At Callon, the admixture of greenstone and gebbro in the relationship of
an injected gneiss and the transition to hornblendite at one point and to granite
to the north leaves little doubt about the origin of the gabbro. This rock is
about 50% fine=grained gabbro with occasional psgmatold aress of smell size, the
remeinder being banded chloritic greenstone considersbly recrystallized to ocoareer
feldspar emd actinolite. It is composed of en estimated 65% of ocalecic feldsper
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and 35% actinolitic asmphibole. The feldspar is medium gray in color and ths
amphibole is green, not basaltic. The rock looks fresh. The texture iz fine
grenitic (2-3 mm.) but pegmatoid phases are cosrser (about 6-8 mm.) and show up
especially well on the weathersd surfece, OUn the fresh breek they are marked by
an especially strong development of amphibole. Throughout the rock thers is a
no.iceable tendency for the common orientation of amphibole. This amphibole is
darker in color than that of the run of the rock. It is the apparent beginning of

the fommation of polkilitic hormblende porphyroblasts,

The greenstone inclusion phases are marked on & fresh break by more chlorite
and by more ectinolitic smphibole. The gabbroic phases show a tendency for the
apphibole to become hornblendic, The greenstone phases are therefore very svident
on a weathered surface, but by no means evident on a fresh break.

The hornblendite in the gabbro area is composed of an sstimated 75% horn-
blende, and 26% calcic feldspar. Much of the hormblende is porphyroblastic and
poikilitic. This rock appears to be enelagous to the porphyroblastic hornblendite
found in Sec., 33 of the same township, differing largely in the smeller size of

the hornblends crystals.

In the gabbroic ares (mapped as granite) in the vicinity of Big Rlb Falls
the rock variastions include many of the same type but also others. In SWE SWi,
Sec.30, T29N, REE, the rock is & sodic biotite diocrite, a mafic hybrid-granite in
texture (1-4 mm.), end composed of about 40% biotite and amphibole, 4C+% oligoclase
ané 10+% quartz. The rock is definitely patchy in its mineral distribution, even
to slightly pegmatoid groupings. Associsted with it is good granite aplits in
small dikes. Nearby other rocks are characterized by e dioritic eppearance to
the naked eye but under the lens reveal & fine-grained matrix carrying lath-shaped
plagioclase crystels (near andesine) 2-3 mm. long. The rock appears to be a re-
eryatanllized argillite or even a besalt, And agein elsewhere in the vicinity are
outeropes of grancdioritio rock., OGood gabbro was found in this area se float but
not in outcrop. On the northeast side of Lower Mosinee Hill is some gabbro seen in
float only, showing a remarkably coarse, even pegmatoid, texture, carrying calcic
plagiocclase, coarsely twinned, and actinolitic amphibole,

Aplite, There are three areas ,of eplite mmpped in this study, one in T28H,

RBE, one in T28N, R8E, end the third end largest in T29N, R6 and 7E. The second
area mentioned is largely granite aplite, the first contalns considerable good
gyenite aplite and the third is very largely syenite aplite. The third area is
very probably continuous under the alluvium with the smaller areas of aplite in
Little Rib Hill and in the hill to the west of Little Rib moross the Little Rib
River, Similar good quality syenite splite is known to us to occur around Rib
Mountain though this area has not been remspped by us at this time. There are
smaller syenite and granite aplite occurrences but they are believed to lack sig-
nificence in connection with the present study.

In general the aplite is lithologically a true aplite charscterized by the
customary fine, sugary texture of crushed and recrystallized minerals. The rock
is egquigranuler, except for a porphyritic variety in the T29N, R8E occurrence.
Under the microscope the component minerals commonly show sutured boundaries. Much
of the aplite is apparently monomineralic, but most of it carries at least a little
emphibole or even biotite and as mentioned some of it carries quartz. The mafic
content is especially variable end when high gives the aplite a dark color. The
most normal oolor of the aplite is pink or some light ahade of red. Variations
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include white which is rather rare, brown which is more commen, rich red which is
also common, and shades of green which become more rare in the derker shades.

in excellent exposure of the splite where it carries guartz, is that Just
north of State Highway 29 In YWz end NE3 of the NEj of Sec. 31, TR9K, R7E. Here
the rock shows some range in texture, structure and in composition. It is rather
well banded, the banda being both fine {microscopic) and coarse (up to 3"). Some
of the banding is quite straight, some is wavy, none is crenulated, mach is of
varisble thickness. It is defined by differsnces in both texture and composition.
The compositional differences are the most evident bescause of the greater amount
of biotite in some bands, giving thereby s color contrast. These differences are
typical of the finer bands. The textural differences are slso somewhat composi-
tional. They characterize the comrser banding. These differences range from
coarse granitic (5 mm.) which is not common, through fine gramitic (2~3 mm,.} which
is common but only 5-10% of the rock, through aplitic (less then 1 mm,) which is
the bulk of the rock, to a texture which can be described as truly rhyolitic.
Attention is called to this last texture, which is inm bsnds up to 1/2 inch end in
places is more than 25% of the rock. Augen-like masses of mafic material from a
small fraotion of an inch up to 3 inches emphasize the gensral gneissic structure.
The coarser textural portions are slso liberally arrenged in this same augen-like
memmer. The attitude of the bending is fairly uniform.

Mineralogically the rock is for the most part a granite aplite. Lesser

variations extend to granite at one extreme cnd to quartz syenite aplite at the
other extreme. None of the rock can propsrly be called a syenite or a sysenite
splite at this loeality. It is composed of dominantly orthoclase feldspar, with
prominent cerlsbad twins. There is a little plegioclsse feldspar, witich iz appar-
ently quite sodie. Quartz renges from 10-40% and averages 15-20%. The mafic
mineral is biotite in flekes and mggregates, both quite lineally distribuled.

Another excellent exposure of aplite may be found at the north end of the
seme quartzite-capped hill, in NWZ 8W3, Sec. 29, T29N, R7TE. This is perhaps one
of the best available exposures, in that a good section is offered for & depth of
at least 60 feet. The rock shows many varieties of the aplite which occurs below
the quartzite. The eplite is composed of orthoclmse feldspar, black amphibole and
in some parts quartz. Some of the rock is composed of pure feldspar. Most contains
in addition 10-15% of mmphibole. A small psrt of the rock contasins a iittle guartz,
in places reaching at most 20%. The feldspar is present also as occasional pheno=-
crysts in size up to 2 cm., Most of the feldspar is Carlshad twinned. Crain size
of the mstrix covers a range from cryptocrystalline to fine trachytic (4 mm. long).

Much of the rock showe trachytic texture.

Interest centers on the structure shown by the exposures. In essence the

structure shows repeated brecciation, repsated intrusion and welding accompanied
by rather strong flowage. The mineral compcasition of the successive imwellings

of igneous material is not constant. Especially does it show variation in mafic
content, 8imilarly the textural differences of the successive inwellings show con=
siderable variation in grain size. The cosrsest material seen is also the most

quartzose == eszsentislly a granite,

In NW1 Wy, Sec. 28, T29N, RT7E, along the emst-west rosd which has been
comparatively recently constructed there is a lerge smount of float material that
has been dug up by the construction crews and tossed aside, Outcrops are few here
but the float is so plentiful and is so consistently aplite snd its phases that
the information yielded is of interest. ~ Southward near the Big Rib River, in the



lowlands, the rock is coarse enocugh in texture to be granitic end carries 5% or
more of quartz, though it is mssociated closely with definitely aplitic rock,

Thess lowland ccourrences also show more highly mafic sysniteend aplite, being as
high as 15% in mafic comstitusnts. Northward the aplite becomes more truly aeplitic
in texture, the average grein size decressing northward from 1+ mm. to well helow

¥afic constituents and quartz sre both less prominent and on the esst west

1l mm.
The rock

road (north border of Sec. 28), the quartz is almost entirely missiag.
is therefore about 95% feldspar snd 5% or less mafioc meterial,

The aplite here carries inclusions of quartzite and of modified greenstone- -
like materisl. The gquartzite inclusions are elongate but appear to be little
altered. The mafic inclusions are mugen~like in shspe and are aligned with the
atructure of the rock. The rock as s whole is intensely and finely banded, the
banding being most commonly evident in the seleotive alignment of discrete mafic
constituents., However, where the rock is essentially pure feldspar ard the banding
is not st all evident on a fresh bresk, the weathered surfece usually reveals the

fine banded structure.

A peculiar feature of the bending is that it is not by any means parelilel,
except over e digtance of a foot or less. Extreme departures from parallelism

appear almost like cross bedding.

In places, large (one inch) pegmatoid orthoclase crystals are developed in
the aplite. Again, narrow (1/% inch) indefinitely bounded dikes of syenite cut the
aplite with an irregular trend. Since the splite is here consistently some shads
cf red or pink and these dikelets are also pink, the blending is emphasized. A
few coarse (6 mm.) gray hormblende syenite dikes of 1-4 inches cut the aplite in

this vicinity.

In the seme locality thers is float of nepheline syenite indicsting guite
surely that st least one nepheline syenite body alsc cuts the splite as does the
gray hornblende syenite, but none was found doing so in the flesat.

Distinetly porphyroblestic aplite is a rather common type of the aplite
area in T29N, RBE, It is composed of about 20% quartz and 16-20% biotite; the re-
mainder is feldsper, The feldspar is in part present as polkilitic, subhedral
porphyroblasts in a matrix of cataclastic, brownish oligoclase, orthoclase and

quartz. The biotite is largely in aggregates,

The aplite in places sppsars to be derived from s hybrid megma, To mention

one of these the aplite in SW3 SWi, Sec. 26, T29N, REE, is composed of feldspar
75-90%, quartez 5-10%, and emphibole end chlorite 2-10%. It is not uniform, as the.
above psrcentages indicate, but is massive or gneissic, uncontaminated or zenolithic,
or cut by pegmetoid dikes. The splite in general is inclined to be more mafic,

some of it much more mafic contiguous to the greenstone which it intrudes,

Syenite, Although the syenites ocour only in comparatively nearrow dikes,
nevertheless they outcrop well and are available for study. The syenites occur in
& great many varieties of color and composition end textures. The most common of
all the syenites is the grey, the most striking is the pink, and both have very
spectacular phasés of syenite pegmatite. Where the pink sysnite contacts the gray,
intrusively, the gray is converted to a brown syenite which should not therefore
be regarded as a distinet rock type. The gray syenite is quarried in two places
where it is therefore well exposed, Although it is similar wherever found, the
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following descriptions are quoted from the field notes on the quarries which are
in neighboring dikes and are only 1/4 mile apart,

One quarry is in NVj, Sec. 23, T29N, R6E, and is reached from County Trunk
Highwey "U." This is dark gray syenite composed of an estimated 85% orthoclase
end 15% amphibole. The texture is massive, granitic (4-6 mm.). The guarry rock
is cut by two distinct types of pegmetite and a highly mafic aplite. Xo lam-
prophyres are seén. The earlier of the pegmetites is cark, the same color as the
host, and is composed of an orthoclass, the moonstone variety, in crystals usually
under 3 inches long, associmted with black amphibole crystals which are usually
smaller than the feldspars. The later pegmatite is composed of light-colored
orthoclase in crystals up to 18 inches long, associated with black amphibole
crystals which ere very elongate, up to 12 inches long, and usually under 1 inch
wide. These pegmatite dikes are ¢f various thicknesses, commonly 4-€ inches, bul

range up to 2 feet thick.

The other quarry is in SE; Sec. 14, T29N, R6E, and is also reached from
County Trunk Highway "U." The syenite here is similar to that of the south gquarry.
The pegmatites in it are larger and more numerous but are otherwise similar, A
specinl feature of this guarry rock merits description. There are in it aress
from 2 feet to 10 feet across of mafic syenite (shonkinite), Its composition is
orthoclase 60%, amphibole 30%, and biotite 10%. The biotite is in both small
flakes and in 1 inch poikilitic phencerysts. The orthoclase is dark and with the
smphibole occurs in 2-3 mm, crystals. This rock makes rather sharp angular con=
tact with the gray sysmite host. Also evident in the gray syenite 1s s smaller -
6 inch te 1 foot - mottling which shows up as & faint gray color conirast, the
effect being that of a ghost ignsous breceia. The hoat is slightly lighter gray
in color, The mineral composition is the seme so far as can be told.

In NEf Sec. 32, T29N, R7E, is a largze disintegrated syenite pit. In this
pit are exposed several varieties of rock, most of which sre syenite. There are
several outcrops in the triangular ares between Highway 29, the side roed end the
river, The areas is one of syenite mainly. , -

Although there are several varieties of rock present, most of them are
gyenitic, and most of them are coarse, granitic in texture.. Much of the syenite
is massive, but some is gneissic, the greissosity being of the ortho type rather
than of the banded type. At one point there is a dike of fine-grained granite
cutting the syemite; it is 6-10 feet thick, The sysnite, and the granite too,
have strongly aplitic phases, which grede into the coarse granitic phases and heve
apparently the same mineral composition as the rocks in which they occur. In the
syenite the aplitic phases eppear as local areas surrounded by the coarse grenitic-
textured host, In the granite the aplite appears as indefinitely bounded dikes

in the host,

The main syenite is composed of perthite estimated at B85% and black
smphibole 15%. The texture is coarse, 8-10 mm. for the feldspar, end about half
that for the amphibole, The syenite aplite is fine textured {under 1 mm,) and
equigrenular., It has gradational boundaries with the syenite, In places at
these boundaries there aré mafic aggregates 1-2 cm. in diameter.

Another phase of the syenite was found at the pit. It is coarse granitic
in texture (6-8 mm.) and is composed of feldspar estimated at 80-85% and mafics
at }5+%. The feldspar is extremely finely twinned, evident omnly under 16X mag-
nification. The emphibole is black, snd is poikilitic. Inclusions in it are
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It occurs in grairs equivslent in size

mainly feldspar and a little megnetite.
The

to those of the feldspar. There is present an occesional grain of quartz,
solor of the rock is gray with a faint pink shade.

S$tiil another phase of the syenite here hes a strong red color. Its tex-

ture is similar to that of the syemite just described but it appears to contain
orthoclase instead of plagioclase. It has sbout 80% feldspar, 15% black amphibols
and g small smount, less then 5%, of guartz. The feldspar is very consistently

twinned on the carlsbad law,

It will be shown later that the syenite dikes asre composite and are mutually
independent. The varistions thersfore are potentislly imnumerable. Ths descrip=-
tions given above are considered adeguate for the present purpose.

Nepheline syenite. There are many dikes of nepheline syenite in the ares,
almost as many in faot as there are of syenite. Two types of nepheline syenite
occur the most frequently., They are quite similar except for the color of the
nepheline which theycontain. ¥e refer to the one ms the gray nepheline syenite

and to the other as the pink nepheline syenite.

The best exposure of the gray nepheline syenite is to be found in a hill
with good outerops in SEZ Sec. 2, T29N, R6E. This rock is very slightly gneissic,
so slightly so thet a determination of the attitude of the gneissosity is sometimes
diffienlt. It is ctherwise massive, medium texiured (3-4 mm,) and granitic. It
is composed of nepheline end feidspar sbout 80% and bleck amphibole 20%. The feld=-
spar and nephsline are present in ebout equal guantities. The strong pitting of
the weathered surfece is invariably the best indication of the amount of nepheline
present since on the fresh brealk the nepheline snd the feldspsr are much alike,

The nepheline and the feldspar both are medium to dark gray in eolor. No white

nepheline was seen in this rock anywhers in the aresa.

The pink nepheline syenite cecurs in meany pleces in the area but nowhsre
in prominent outcrop as does the gray. It i1s usually gneissic and commonly very
strongly so., Its color is some shaede of red or reddish brown. The feldspar which
is tabuler and which by its aligmment creates the gneissosity may be white, gray
or also pink. These tabular feldspars may be 4«8 mm. long in the typicel rock.
The texture is intersertal, the nepheline being the last to orystallize. The
nepheline in this rock is rather richly colored, a light to dark reddish brown,
This rock may be studied best in float along the south border of Sec. 1, TZ9N,

REE.

There are two plasces, or possibly three,

Nepheline syenite pegmatite.
Peg=

where this rock occurs, though in both it can scarcely be termed a syenite.
matite solutions from the nepheline syenite alons seem able to penetrete the over-
lying greenstone (argillite), end whers they do the resction produces a very coalse
dark green, ptygmetically folded injection gneiss. These two pleces are (1) from
the midpoint of the south border of Sec., 22, T29N, R6E to the west guarter corner
on the scuth border of Sec, 23 contiguous to it; (2) in the SW: NWi Sec, 18, T29N,
R7E, and in the vicinity; (3) the third locelity is in NE: SEi Sec. 21, T28N, RSE,
I+ is apparently similar to the other but is very poorly revesled for study.

At the first locelity the nepheline penetrates the greenstone es s gnelssio
injection, The penetration increases in degree end comrsgness to the section
corner, The rock is a dark, ptygmetically folded amphibole and chlorite gneiss
consisting of & host of feldspar about 40%, mafics 30% end quartz 5%. In this rock
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the pegmatite both crosses the gneissosity and follows it, glving locel pockets
and narrow stringers. Single erystsls of feldspar and nepheline measure up to 6‘
inches long and commonly up te 4 inches long. The feldspar is white, th§ nepheline

is brownish.

At the second locality, slso penetrating the greenstons, is a large amount
of high nepheline syenite snd apparemt nephelinite., The nepheline is quite dls-
tinctly reddish and carries 10-15% of mafios. It appears in gnelssio form, some
bands being very aplitic nephelinite end nepheline syenite and some being quite
pegmetoid, The nepheline-bearing rocks are guite dark greenish despite the reddish
cast to the nepheline under the lens. At the western end the float indicates &
greenstone breccis penetrated by nepheline syenite pegmatite as host. The frag-
ments are lerge and small, They are chloritized heavily and well digested by the
pegmatite., The pegmatite is composed of derk reddish nepheline TOH+% and ortho-
clase 30~%. No twinning is evident in the feldspar. The crystal size of the

pegmatite is up to 2 inches.

White Nepheline Syenite. This rock is separately treated because its
color is of marketable quality. It was mistaken for sliphtly feldspathic nephe~
linite in the field but is found in the leboratory to be composed of about 207% -
nepheline only, the remainder being bleck smphibole 20% and feldspar 60%. The
feldspar is plagioclase and perthite, of good white color. The perthite is well
erushed though considerably recrystallized, which gives it somewhat the asppearance

of nepheline in the field,

There are thres oacurrences of this white nephelins syenite in the area

so far as known but thers are undoubtedly others not yet discovered. One is men~
tioned in the last section, though this is the least spectacular of the three.
A second occurrence is that of two white negheline syenite dikes in the floor of
a disintegrated nepheline syenite pit in NW; Seo. 1, T29N, R6E. These are poorly
exposed but the pit conteins severaml residual boulders of the rock, The third
and best is in NVWy SW3 Sec, 5, T29N, R7E. Here ths syenite oocurs in a dike 150
fest wide so far es can be seen in the wemthered pit. Both the nepheline and

feldspar are quite white., The texture is granoblastic.

Structure, Later granitic intrusion haes so thoroughly mashed the older
formations thet the section is and will doubtless remain lergely unkmown. Among
the oldest rocks of the ares probably ere the rhyolites. Since they are not
everywhere intensely folded, and since they predominate among the volcanics of
the area--in fact, basaltic greenstone is extremely rare--one develope & fseling
in the field that these rocks sre not pre-Huronian but younger. On the other
hand the rhyolites are rether consistently folded om an axis which trends slightly
north of east indicating one time shortening from the north and south, whereas the
later regional shortening is from the east and west, Some of the argillite end
some of the quartzite is only slightly folded, indicating that folding is not
uniform within the area. Some rhyolite, too, shows little evidence of teing
folded, indicating that the folding is localized within the area. One posgsibility
not to be discarded is that there are both pre~Huronian rhyolites and later
rhyolite end mrrgillits, The occurrence of tuff and agglomerate with end in the
argillite suggests strongly e rhyolite sssocistion. But the occurrence of
argillite in very slightly disturbed attitude favors gsetting it aside from that
part of the rhyolite which is so cloéely and uniformly folded., Although this
question is too speculetive to answer, it seems most nearly answered by this

last suggestion,

As far as is known then, the section congists of rhyolites, folded and
intruded or not, overlain by argillite, and possibly rhyolite of later age, and
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these overlsin by guartzite, The area was then folded and intruded by granites
which may be of Keweenawan age, though this age too is guite unknown, Jloward the
olose of intrusion by this granite which mppears tc be the mein granite of the -

ares, rotational pressure from the eest end west caused mild fauliing with asso-

ciated dike emplacement giving the syenites of verious types.

The granite intrusive in this area has a very flat roof which slmest coln-
cides with the present erosion surface. Slight irregularities in the roof inter=
sect the presemt surface, giving alternstely areas of granite and roof pendents
in the grenite. The map area is located within a large group of such roof pendenis,
Gupolas of the granite have penetrated the roof in many places and have been
trunceted by ercsion. Where penetration and subsequent ercsion are deep, the
grenite is the normsl red type of the area, but there ars thrée large dome-ghaped
cupolas which have been only slightly truncated. These are the three aress of
apiite elready described,

There is good evidence that the lower surface of the various rocf pendanis
is also quite flat end always close to the present erosion surfsce. Near to anc
betwesn any two bodies of greenstone, the granite is charged with inciusions or
is conteminated with mefic maeterial or even is a granite hybrid. Using btris type
of information and applying it in s verticsl section we have been able to arrive
et an approximate figure of the angle of inclinetion of the lower surface of the
pendent, it is 5 degrees, an average figure. This is well supported by the mapped
greenstone capping of the hills in Seotions 2}, 22, 27, 28 of T20N, REE, and in
Sections 7, 18, 19 of T29N, RTE. With the exception of the granite, therefcre,
all rock types within the area may be sssumsd to be shallow, to give way to

granite at comperatively shallow depth.

The shortening in the east-west direction is expressed in more then one
way. The overlying quartzite was folded alonpg a northesouth axis with minor warp-
ing in an east-west direction. Along the present course of the Big Rib River
the quartzite ruptured, doubtless due to weskening by the subjacent intrusilve
dome, and & large block of the guartzite, disengaged from the main body, essen~
tially floatng en the intrusion, and was roteted, as appsrently waa the quartzite
at Ablemans, Wisconsin, under the influsnce of displaced material in the trough of
the closing north-south fold., This block now stands up on edge to form Rib |
Mountain, giving the false impression of a fold with e 90° pitch., The limbs sgre
gseen in the Mosinee Hills and in Hardwood Hill, However, we are interested in
that aspect of the structure here only in its relationship %o the local structure.
The quertzite of Rib Hill has served as a buttress tc the east-west shortening
and haslgivsn it a strong rotational component in most of the msp area. The two
shear plenes developed as s consequence of this shortening ars: (1) the rhyolibe
bedding faults which strike N 80° E and dip 80° §. Such bedding faults character-
istically have dissipasted movement through the bedding snd though characterized
by much movement reveal little of it. The shearing only indicstes that movement
in this ares; (2) the fault planes which strike N 20° R and dip steeply. The
elongation bisects the angle and is then N 509 E and the greatest shortenming is

g0ov® ; -
to :Ltf - N 40°_W. This last is the strike too of the consequent tension planss.
and this is expressed by the syenite dikes,

Along nonme of the faults of the area is there any grest movement. Im
fact, the movement is little more thanm token movement. However, the faulting is
very well expressed in the topography of the area and in the stresam pattern. MNost
of the dikes, and doubtless all of them are characterized by some movement between

their walls but very few of them show enough movement to cause the elimination,
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or other modificetion in mepping, of the exposed formetions. BSome such evidence

of movement is found along the south border of Ssc, 22, T20N, REE, where the

aplite which forms & selvage between the greenstome and the syenitlc rocks within
the splite at slmost sll pleces, is faulted out. But better evidence of novement
along the dike-filled faults is to be seen by following the trend of the dike be-
yond the limits of the dike where there ere invarisbly such signs of faulting as,
shearing to produce s schist, or fault gouge and mylonitization or spectacular
breccistion. Some of these are described by Weidman, 4 few oocurrences may be
mentioned: (1) Feult gouge in the extreme northeast corner of Sec. 17, TZOK,

RE6E; this is developed in greenstome; (2) White sericite schist developed in the
aplite in S¥y SEf Sec. 8, T29N, R7E; (3) VWhite sericite schist developed in rhyolite
in SVL SEL Sec. 26, T30N, R6E; (4) Intrusive greenstone breccis in SWz SEE Sec, 9,
729N, R6E; (5) Another in SWE NEL Sec, 18, T29N, RTE; (8) Another in SEf SEy Sec. 26,
T29X, RSE{ (7) Sheared snd shattered quartzitic argillite in a weathered roadside
pit in SWy SEi Sec. 16, T29N, R6E.

There is abundent evidence thatmny cf the dikes are composite. Their
egglacement-history is therefore ore of intermittent opening smnd filling, with or
without displmcement along the fractures. The most common of the dike rocks 1s
the gray syenite. Next most common is perhsps the red snd pink syenite. 4And
next are the gray nepheline syenite and the red nepheline syenite. There are many
other syenitic types. Nome of the dikes is large; most of them are quite small.
All are very local and give evidence not only of heving originated iocally but
definite evidence thet the dike magme did not travel far. For instance, the margin
of the splite, near the greenstone is rarely cut and the greenstone is still more
rarely cut, though both are sheared end brecciated, and when cut it is by only the

more mobile pegmatitic solutions.

Although we have mapped 67 dikes, the correct number is doubtless closer
to 200, end if single emplacements are counted as separate dikes, each dike must be
regarded as not less than 5 and probebly 10 or 20 dikes. This is most convine=
ingly illustrated in the pit and sdjacent territory of Wi LWy Sec. 32, T29N, R7E.

Petrogeny of the aplite and sysnites., This will be discussed elsewhere
after adequate laboratory study. '

Economic geology. (1) Nepheline, Our petrogenic coné¢lusions which are
not argued here are that the aplite, the syenite snd the nepheline syenite sre of
strictly loeal origin, developed from the rocks in which they cccur. Only the
nepheline syenite pegmatite 1s sufficiently mobile to penetrate beyond its point
of origin end enter the overlying rocks, the gresnstone. Therefore the nepheline
is to be sought within the aplitic arees, in those parts of the aplitic aress
which are faulted and only along the fault lines. Attention has been celled %o
the irregularity of composition of the aplite from which the syenites are derived.
The syenites take on the character of the aplitee in which they occur. Where the
splite carries free guertz, the syenites also are quartz syenites. But more ig-
portant, where the gplites are mafic, the syenites are mafic and when the syenite
is nepheline bearing some of the iron is found in solution in the nephe¢line., Since
one requirement of commercisl nepheline is that it be iron free or low in iron, the
search can be very materially aided by more detmiled mapping of the eplite,
Specifically, the search should be for a truly syenitic aplite and one which is white,

There is one rock in the area which offers real promise of ylelding good
commercial feldspar snd nepheline, thet is the white hornblende syemite in NVE Svy
Sec., 5, T29N, R7E. This rock can be studied easily in the leboratory for separa-
tion of the amphibole. Magnetic sepersticn should be adequate, The host to the
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amphibole iséquite white. The size of the dike is not known but if the sample
proves encoursging, the tonnage cen be easily determined by drilling.

Aside from the occurrences of white nepheline syenite described, no white
nepheline was seen in this study.

(2) Zircon, Zircon is found in quartz veins in one locality only, Ses. 22,
T29N, R6E, but may well oocur along any of the northwest faults which we heve
mapped. This one occurrence is so far unique in the ares. Along the fault the
underlying grenite ~- parent of the aplite =-- has penetrated more extensively than
it is known to have penetrated along the other faults. ZEven this penetration is
mostly by the more mobile granitic pegmatite juices. In other words, this is the
uppermost tip of & granitic tomgue and must necessarily enlarge downward. It is
to be expeoted that the sircon comtent of the ore body will also improve with
depth despite the fact that the ore is primarily in quartz veins.

It is wholly reassonable to believe that the ultimate parent of =11 these
varied rocks within the aplitic eree is the ssme granite. Therefore it may be
suggested thet further prospecting for zircon mey be guided by the search for coarse
feldepathic pegmetite such as that seen in Sec., 22, T29N, R6E. The lsss prominent
quertz veins may then be sought in and around the pegmetite.

. (3) ?Xroghg;lite.‘ A 3 x 4 foot boulder of yellowish pyrophyllite wes found
in NWz Sec. o%, R . The boulder is composed of massive pyrophyllite and

guartz in which are grown radisl pyrophyllite crystals. A part of the boulder
contains about 10% of quartz grains. The mineral is undoubtedly of good commercial

guality though not the best gquelity.

Inqui revealed that this boulder was dug in SE:;Seca 28, T29N, R6E, snd
hauled away. The aree is now a cornfield, without rock exposures. It is highly
probable thet this minersl is of local occurrence and should be further investigated,

The owner of the lend is Mr., F., E. Mesrek, R.R. 2, Marsthon, Visconsin,

(4) Disintegrated "granite." Throughout the entire ares we have observed
that disintegration of the rock by westhering is advanced sufficiently for ex-
plcitation for road materials only along the fault zones. Not all the faults havs
been recognized but more can be estimated with fair relisbility from the evidence
that has been cited and promising ereas thereby may be located for road materials.

Another pertinent suggestion mey be made for loceting faults and there-
fore disintegrated granite within the gremite sreas. Ve have observed that the
disintegration of granite along these faults ylelds as a by-product s profusion
of large, glacial appearing boulders. Normal weethering also produces boulders
of this type but not in profusion. It is suggested that an examination of eeriml
photographs may yleld useful informetion of this type.

Recommerndations, It appears desiregble to obtain more detmiled information
on t@is promising area than we have beern sble to gather in the four weeks at our
disposal., It is suggested that a party be sent in for a full summer %o map, on a
scale of 6 inches to the mile, the ares of grestest promise around Stettin, Search
should be mede for (1) white syenite aplite; (2) granite or syenite pegmatite of
the type found in that Radent zireon property; 25? white hornblende syenite; (4)
pyrophyllite. This scale will permit the mapping of the syemitic bodies on a true
dimension basis rather then on sn exaggerated scale, as is doms on the accompanying




maps Also, there is much information tc be obtained by covering the aress within
critical sections rether than only the area adjacent to the highways to which we
heve necessarily Deen limited, Also, ths three townships in southwest corner of
the present map area which we have been uneble to do in the time at our disposel
could be done on a reconneisssnce basis, as has bsen done elsewhere in the nres,




