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Sumnary of Conclusions

1, The Lilladore talc deposits are included within & relatively smell
erea of "greenstone" or chlorite-schiét which apparently is & roof-
pendant,

8., From the follouing report the talc deposits sre ¢onsidered to be
t+he result of the negmutic intrusion under hypothermal conditions

of besic rock high in ferro-negnesisn minerals.

3. The possibilities of more tele of merketsble grade are good.



THE TALC DEFO3ITS NEAR MILLADCRE, WISCONSIN

Introduction and Acknowledgments

A small ares near Milladore, Wisconsin, is significant
for its deposits of talc and massive soapstone., These dEPOSitS,
although exploited commercially in the past, have never been
studied in any detail, and almost nothing has been written about
the area except in a very general way, It is not the purpose of
this: paper to give a greatly detailed =account of”the geology of
the area, but to give only a generalized picture.of the geolog-
-iéal history from beginning to end with some detail wheré the
talc and soapstone deposits are closely related to particuiar
geological events,

Since outecrops in the area are few and rather poor', the
conclusions drawn are not absolute, but are largely based on
geological theory and therefore always open to question, In
the author's opinion, however, the conclusions drawn are log-
ical and consequently as nearly correct as the following acc-
ount of the geology of the area per&its them to be,

Acknowledgment is que to John J. Ronan for assistance in
deciphering the history of some of the rocks; to Professor
R, C., Emmons for constructive criticism of the work; and to
Mr, B, F. Bean, state geologist of Wisconsin, for sccess to

state geological records and at whose suggestion this work was

undertaken,:

1. The ares is relatively flat and consequently, few outcrops
ere found,




Location and Topography

The talc area is part of
a relatively flat country ab-
out three miles north of Mil-
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The accompanying sketch map of the counties of_Wood, Portagg,
and Marathon in north central Wisconsin shows this location,

Topographically, the area is unimpressive, There is rel-
atively little relief; much of it is swampy since it is poorly’
drained by Bear and Liitle Bear Creecks, The soil is very thin,
some of it residual, but most of it probabiy,bonsisting of old
glacial drift (ground moraine)} the origin of which was priof to
the last stage of glaciation, Cobbles. of soapstone are fre-
| quenf in the fields and particularly in sections 11 and 15,
(See page 5 for section map.)

The ground in many of the fields is moist to the point of
being soggy and is suggestive of an impervious substratum not
far below the ground surface, .

Powers Biluff lying tc the southwest of the talc area is
the only.feature near by that is of topographic prominence, It

is a hill of pink quartzite and the result of differential




erosion 80 that it remains as a monadnock on a ressurected
Pre-Cambrian peneplain, Glacial alluvium now covers this pen-

eplain with a superimposed drainage resultant.

On the following page is a topogrépﬁic map of the
Milladore Talc Area,



T_OP qc;rz;.phy Milladove Tale Arc:'.ﬁ:

Tiee 16N, o«

1Y)

id

24

" el )

' W

H : “

: { TiehdsH &

Scale 12 inches = | mile
Contour Interval = A0 fee:b



Structure )
r-—r-—-_]~._--—--1;---—|

A ' i N i
In an area of low relief it |____ Marathon Qolunuy
' ON ) Wedd County g ‘. []
is commonly found that there are I } 4 3 -
: {
not many true rock exposures and ] J g 1 ‘ﬂﬂ% i 1R
.. : r
that pseudo-outcrops consisting o :@ T 7 ‘;5
of erratic boulders of diverse ! e r:d
D
-
origins more often occur, Also, i “J_‘“ 22 | 23 | an

the outcrops that may be found < =

= Talz Mine ﬁ Cuterep
[ 0pam it Mine

Location MQP oF Ou.teropsq
good, This is true of the Mi;ladore talc area where only five

on low slopes are seldom very

outcrope and two small nmines constitute the material basis of
the following structural interpretation, But despite the lack
of many outcrops, those found here are so situated fhat it is
possible to obtain a reasonably good idea of the structure of
the area. The adjacent section plat map elows the location of
the outcrops and mines, -

In order to understand the field relationships of the out-
crops they will be briefly described zccording to the code used
in the plat map at the top of the page. In section 20 the out-
crop labeled "D" consists of two granites exposed in what at
first appears 10 be a mass of promiscuocusly grouped boulders,
One of the granites is dark and basic in ¢haracter since it is
high in ferro-magnesiasn minerals and biotite; the other is of
lighter color and is about half rink feldupar with the other
half for the most part consisting of quartz, biotite, and

chlorite, The basic granite contains several inclusions which
L
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g;p?ar to be a greenstone schist., The contact between the two
granites could not be seen,

In section 16 is another outcrop of granite (Lzebeled "E"
.on the map ) which in most respects resembles that just describ-
£d, Here &gain, the outcrop consists of residual boulders ap-
pearing much like a pseudo-outcrop, The granite weathers to a
wh;tjsh-gray but is dark on a fresh surface and is somewhat
Jgneissic in charecter. It appeafs that this is probably the

Same granite as that in section 20 and that the gneissic chare

.acter is a local difference,

At #G" in section 13 is a thifd outerop of granite some-
ghgﬁ porphyrytic in texture and containihg white feldspar in ag-
_gxggates end dispersed crystals, It is high in dark minerals,
piotite, chlorite, and ferro-mags, agd in eppearance again is
gimilar to the other two granites,

In sectioﬁ 12 at "F" this same granite is exposed, but here
it is in contact with a dike of dizbase which lies to the north
of the granite, About sixty feet of the 8ike is exposed; how
much thicker it may be cannot be determined, The east-west lim-
its of the dike likewise are not known as no exposures of it
are found in these directions, |

Another outcrop of granite ("X") in Marathon County al-
though outside and north of‘the tale area, warrants attention
since it helps to delineate thelstructural relationships of
those rocks within the area, This granite is quite different
from those previously described in that it is very low in basic

minerals and high in pink feldspar and quartz, Physiograrhic



conditions indicate that it iswprohably in contact with the
granites in the talc area to the soﬁth, or possibly that a
gradation from one granite to another takes place, |

The talc mines in Bectionslll and 15 are located ina
~ highly metamorphosed country rock of dark green chloriteeséhist.
This schist contains large smounts of talc and also the minerals
magnetite, pyrite, malachite, calcite, and serpentine., The mag-
netite occurs both in crystal (enhedral octahedrons) and mass-
ive form,'whereas the other minerals are found only rarely in
crystal form, “

In the south part of the area and especially in sections
14, 15, 21, and 22 are scatiered cobbles and boulders of pink
quartzite. Farmers have cleared the larger ones from the fields
and placed them in large piles at the fields' edges. Fresumably,
a guartzite underlies this part of the talec area and might well
be the imperﬁioﬁs subsiratum respopsible for the soggy so0il re-
ferred to previously in this report. Although no outerop could
‘be found, the large numbers of quartzite boulders presenti in

these sections seem to justify the conclusion that part of the

area is underlain by quartzite,

From the ﬁlat map and the briéf descriptions given it is
readily seen that the small area of green chlorite-schist con-
taining the talc deposite is entirely surrounded by intrusive
granites with the possible exception of the northwest side., This
area is marsh, but superficial investigation to the northwest of
this marsh revealed more granites. It_is logical to conclude,

therefore, that the chlorite-schist with its deposits of talc

is a roof-pendant and is the result of the magmatic intrusion




into a basic rock and a subsequent erosion. The split block
fdiagram on the following page depicts this structural inter-

yretation,
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The Rocks of the Area

All the rocks of the area are either igneous or meta-
morphic. The sedimentary Potsdam Sandstone outcrops a few miles
to the south, however,

The granites of the area may be divided into two classes

-on the basis of composition: those which are basic and high in

Terro-magnesian minerals, and those which are acidic and rel-
atively high in feldspars. In general, it may be said that the

farther from'thé”chlorite-schist ~=~= the more acidic are the

granites; iand the closer to the schist --- the more basic they

become, This is probably the result of differences in the amount

of assimilation of the greenstone (chlorite-schist) by the

granite intrusive,

The granite "XN" lying to the north of the talc area in
Marathon County (see section plat map, page B ) may be considered
moxre or less typical of the acidic rocks found in this loecality.
It is fine-grained and high in feldspar (about 50%) most of
which is plagioclase, but microcline is common and perthite is

also present, The rest of the rock is quartz (35%) and bio-

- fite (15%). In thin section all of these minerals show strain

which is probably due to dynamic stress while the granite was
either in a semi-splid or solid state, There is little or no
alteration of the minerals.

The basic granite is more variable in composition and its
characteristics, but all of the outcrops and specimens may be
considered as a group. All of them are relatively low in feld-

spar varying from zbout ten to twenty-five percent, The feld-
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spar generally consists of both orthoclase, which is usually
cloudy and highly altered, and plagioclase, which is sometimes
of secondary twinning and often with albite and pericline
twinning which may or may not be continuous. The alteratiop
products of the feldspars are talc and kaolin. The amount of
quartz present is highly variable, in. some specimens it being
about fifty rercent and in others only about ten percent, Most
generally the quartz i8 sutured though not always, Chlorite is
present in all the basic grenites and was found altered in every
caée. Commonly it has a preferred orientation but is not con-
sistent in this respect. The chlorite in these granites is an
alteration product of amphibole, pyroxene, or biotite, and a
rock may have chlorite as a result of the alteration of all
three, Sericite is also common throughout these dark granites,
Other minerals preéént but in smaller quantities are zircon
and epidote, a secondary mineral in this locality.

Evidence of strain in all these minerals shows up clearly
in thin sections, Quariz in particular shows strain shadovs,
“and in many cases the crystals are twisted and contoried so
that extinction is relatively slow under the microscope. Brec-
ciation of the quartz and often of the other minerals is char-
acteristic,

The pink quartzite is relatively pure for the most part,
but near the chlorite-schist it is very contaminated and con-
tains talc, hematite, magnetite, and ilmenite in greater or
lesser amounts. Recrystallization has taken place to a large

extent. The pink color becomes dark red on nearing the schist
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undoubtedly due to the increasing amount of iron oxide present,
In thin sections some of the quartz appears strained, but boun-
daries of the grains are fairly well rounded and in some inst-

ances are secondarily enlarged,
The chlorite-schist is largely the result of the metamore

phism of the greensione --- the metamorphism due to thé intrus-
ive granite., Samples taken from the tailings piles at the mines
were high in tale, contained abundant octahedral crystals of
-magnetite, and smaller quantities of pyrite and malachite,

The diabase‘bomp9sing the &ike contains more minerals than
~<eny of the other rocks of the area. Pyroxene, chlorite, ahd bio-
"tite are present in considerable quantities, the chlorite and

biotite as altgration products, Magnetite is very common and is
‘agsociated with the chlorite and biotite, Feldspar is rather
.common also, appears cloudy in thin section, and is altered to
‘what probably is kaolin. Olivine constitutes part of the rock
but is mostly altered to magnetite and chlorite, The chlorite

is an elteration product of the biotite as well as of the oliv-

ine, Garnet is found in appreciable amounts,
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Mineral Deposits

Of the various minerals found in the roof-pendant talc
and its compact form, soapstone, are both most abundant and
most important. The .other minerals, magnetite, hematite, mala-
chite, pyrite, serpentine, and calcite are present in relatively
minor quantities and will be considered only as supporting
(and non-supporting) evidences concerning conclusions as to the
origin of the talc, |

If-hqs been shown by mineralogists that talc may occur inm
several ways, Since it is a hydrated magnesium silicate,
(HoMgzSiOz),, it may readily result from the hydration of ens-
tatite, (MgSiOz). Enstatite is considered the basis for talc;
its formula indicates whj. Talc is very often the hydration
product of magnesian rocks like gabbro, pyroxenite, peridotite,:
or crystalline limestone containing such pyromelasomatic min-
erals as enstatite, ftremolite, or actinclite. Or, it may be
formed from any megnesian amphibole or pyroxene if acted ugpon

by Hy0 and COs in accordance with the following equation:

AMeSi 03 + 002 + Hgo = Hg]ﬂngl 4012:?]1@003 -
Solutions active

near the contacts of intrusive rocks are perhaps most carable
of effecting this change and that, with moderately high temp-
erature, would furnish the best conditions, This could well
have been the condition responsible for the formation of the
tale in the Milladore area vwhere intrusives penetrated a rock

rich in basic minerals, and high temperatures were undoubtedly

existent at the time,
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That the talc was deposited fron solutions is very probable,
Cavities lined with foliated talc are v;ry common, end in some
cases the cavities are lined with calcite zlso so that the talc
apyrears to have actually been deposited on the calcite. The cal-
cite, however, is meteoric in origin and is much later than the
talc,

) The quartzite near the chlorite-schisf also contains tzale
An varying amounts, This lends further suppori to the theory
that alteration and solution is responsible for the'deposits.
Quartzite as it occurs here is quite pure and would tend only

-to recrystallize'upon intrusion by the mzgma, The talc and other

. foreign material must have come in solution from the magma and

schist,

¥agnetite and hematite are found in considerable amounts,
Most generally, the magnetite occurs in octahedral crystals
-and imbed@ed in the schisi, whereas the hematite is more com-
mon in massive form and mostly in the quartzite in proximity
to the schist. Magnetite commonly ocours where tale is formed
by the hydration of ferrc-magnesian minerals since the ironm is

left in surplus and readily combines with oxygenato form magn-

“ etite., Hematite and not magnetite occurs in the quartzite prob-

ably because of the lack of sufficient oxygen in the quertzite
to produce magnetite, or the iron mey have been originally rpres-

ent in the gwuartzite as an oxide and then altered to hematite

by metamorphism.2

2. Note; This statement mzy seem to conflict with a previous one
when it wes said that the guartzite was "very pure"., By pure is
meant that the quartzite contzins nothing other than sufficient
iron oxide to give it its pnkl color. This coclor becomes a dull
red nearer the contact between the guartzite and the schist,
Otherwise the quartzite is relatively uniform over a large area,
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Fyrite is common and is disseminated throughout the green-

stone, Considering the widely varying conditions under which it
mey occur its présence means little with regard to/;ﬂ; tale de~

posits, Likewise, the occurence of malachite in small quantities
is of little importance. It is undoubtedly meteoric in o:iéin
and therefore much later than the talc in deposition. It is poss-
ible to have malachite derosited from magmatic solution, but this
does not seem to be the case at Milladore or one should expect
to find more extensive deposits of it., It occurs only as coat-
ings on the greenstone, The former deposit of ¢opper ore (that
mey have come from magmatic sources) from which the malachite
was carried in solution has in all probability been removed by
erosion,

It has been previously noted that the rocks of this area
ghow much sirain and brecciation as evidenced in thin sections.’
Also, slickensides indicate that faulting has occurred, Talc is
- sometimes defined as a "high pressure" mineral, and it is likely
that some of the tale of this area is due to the dynamic stress-
eg that were resolved into faults and brecciation,., However, tale
{and serpentine) resulting from such processes are localized and |
limited in extent, and the deposits at Milladore are too large
to be accounted for in this way.

It is coneluded, therefore, that the Milladore talc deposits
are the result of the alteration and solution of basic rocks
containing magnesian minerals, and was induced by the magmatic
intrusion of the basic rocks under hypothermel conditions. Other
alternatives of talc origin are not sufficiently supported by

the geologic evidence as found in the Milladore Talc Area,
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Sequence of Events

The rocks.of the Milladore Talc Area are all of Pre-
Cambrian age. It is the Pre-Cambrian period of the earthts
history about which geologists know the least for certain,
and the rocks of this area are no exception, The following
account of the séquence of the geological events is therefore
fgeneralized since the evidence is insufficient to allow for
amuch detail, '

The oldest known rock of the talc area is the chlorite-
schist or its unmetamorphosed equivalent, greenstone. The

source of this greenstone is much of & mystery, but it is thought
to be volcanic, Upon what base the greenstone was laid down is
also unknown because everywhere granite intrusives ‘have des-
troyed éhderlying rocks and part of the greenstone through assim-
ilation, With & fair degree of certainty it may be séid that

the greenstone was laid down upon a basement of Archean rocks,
Qresumably igneous, |

Correlation of this general area with the reét of the Lake
Superior Region suggests the greenstone to be of Keewatin age,
The Keewatin greenstone schists around Lake Superior are intru-
ded by granites in much the same way the greenstone is in the
Milladore Talc Area. A general folding of the schists took
place throughout the Lake Superior Region after Keewatin time,
'and presumably this happened in the télc area also alihough it
was impossible to determine a strike or dip since there was no
actuzl outcrop of the beds of schist, Slickensides on pieces of
the chlorite-schist found at the mines indicated that faulting

had occurred in the area, but whether thehfaulting was due to
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the folding of the schist is not known. It could have been
caused by other diastrophic movements, and no doubt some move-
ment was set up through stresses by the intruding granitg.

After the folding of the greenstone and before the
Timiskaming a period of erosion set in, The sea readvanced
over the Lske Superior Region, and sedimentary deposition took
place resulting in great thicknesses of sandstone which were
subseguently ;etamorphosed into the quartzite. These quarizites,
once over three thousand feet thick, were folded in the great
diastrophic movements of the earlier Pre-Cambrian which made a
- mountainous area of the whole XLake Superior Region. Subsequent
erosion wore down the mountzing to the so-called "Pre-Cambrian
- peneplain® but left such resistant cquartzite hills ag Rib Hill
near Wausau, and Fowers Bluff near Wisconsin Rapids, as monag-
nocks, The pink quartzite of the Milladbre Talc Area is the same
a8 that of Powers Bluff, The source of the sands originally
making up these quartzites is unknown. That the source materials
were tremendous in thickness and yrobably also in extent to pro-
duce over three thousand feet of very pure gquartzite is undoubt-
. edly so, but more than that nothing ié known, It is one of the
l-enigmas of the Lake Superior Fre-Cambrian.

Whether the granite intruded the quartzite and grecnstone
before or after this folding is problematical. For other parts
of the Lake Superior Region the quartzites are not 1ntruded by
thie Laurentian Grenite, but lie unconformably above it, In the
talc area and that surrounding it the granite does intrude the
quartzite, If the quartzites of Rib Hill, Fowers Bluff, and the

talc area can be correlated to those of other parts of the



Lake Superior Region, it would date the intrusive as Algoman
since this granite does penetrate the quartzites, whereas the
Archean granite {Laurentian) does not. This interpretation
EEeems plausigle,

Concqrrent:with the intrusion of the granite was the for-
nmation of the tale deposits, This is discussed under the section
titled "Hineral Deposits"., '

After the long-continued erosion resulting in the peneplain
at the end of the Pre-Cambrian, the sea again advanced over the
xegion, Deposition of sediments (mostly sandstones and limestone
completely buried such monadnocks as Poweis Bluff and Rib Hill,
According to Weidmanz, Paleozoic.formations up to the Niagaran
may have been deposited over the area,

‘With the gradual withdrawal of the sea erosion again took
place and continued reletively undisturbed until the beginning
£f the Pleistocene, Great thicknesses of sedimentary rocks were
removed, and, from th? point of view of erosion, Lobeck® thinks
that it is more impressive than the Grand Canyon of the Colorado
River, Only small portions of the sediments such as the Fotsdam
Sandstone remsin in the area, Pleistocene glaciation is respon-
8ible for oconsiderable 2lluvium and drift so that a superimposed
drainage is the present result on a ressurected Fre~Cambrian
yeneplain, The guartzite hiils of Powers Bluff and Rib Hill are
&8 high as before, The block diagrams4 on the following page
depict the four main stages of the geologic history of Wood

County and the Milladore Talc¢ Ares,

2, 4 Weidman, 3.---"The Geology of North Central Wisconsin"l1907
3 Lobeck, AK.--- "Geomorphology" 1941
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FOUR STAGES IN THE GEOLOGIC HISTORY OF WOOD COUNTY

Pre-Cambrien Peneplanation. Paleozoic Sedimentation.

Post-~Paleozolic Erosion. After Glaciation. (Present.)

18
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ECONOMIC GEOLOGY
As stated previously, the talc deposits of the area have
already been exploited to an extent, "Extent" is indefinite,
but the limits of the tale.that can be mined at a profit can-
ot be defipitely stated., Lack of sufficient market and drop
in prices at the height of the economic "depression" in 1932
caused the discontinuance of mine operations,

Trowbridge Mine in Section 11 was operated by the American
“Tgle Co, of FPlymouth, Wisconsin., ¥o maps of theé?ine are avail-
able, but according to a previous field reportsl'the work here
has shown up & body of mixed talc and soepstone measuring approx-
imately eighty-five feet vertically, fifty feet in cross-cuti,
&nd poseibly seventy-five to one-hundred feet longitudinally®.

-~ Assuming thése estimates to be reasonably correct, the mass of
soapstone and télc represents o volume of something less than
500,000 cu, ft. This figure may be considered to be & maximum
since very probably there is a Fonsiderable amount of impurity
present in the mass such as chlorite, greenétone, serpentine,
and also intrusive dikes, Samples of the talc ore from the mine
showed & wide degree of variability in the pureness of the soape
stone, the range being from a talc-schist (mostly chlorite} to
& practically pure soapstone.

Another mine in Section.15 was operated and closed about
the same time as the Trowbridge lMine, No information on this
mine was available, but operations went down to a depth of about
ninety feet, Examination of specimens from the tailings piles
seemed to indicate generally that the soapstone was of lower

grade than that from the Trowbridge iine. Kore impurities were

present, /
e
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The mining at these locations was first done in open
Pita, the mine shafts being sunk when it was found that suf.
ficient soapstone of high enough grade was present to make
underground mining profitable, Since the soapstone occuré pract-
iezlly at the surface, and cobbles of it are common in the fields,
it seens duite probable that test pits would locate other bodies
of the soapstone and that diemond drilling would then determine
the extent of the new deposits, The probability of finding more
of the mineral is very good.

In‘1929, the first year of reported salesﬁ, The American
- Talc Co._mined at Milladore 4,350 short tons of talc and soap-
stone with a gross value of $14,238; and in 1930, 1,078 short
tons with a value of $3,499, Thus, in one year there was a de-
cline of about 300Z in both quantity and value of the mineral,
For the country as a whole the average price of rough talc from
the mine in 1930 was $9,84 per short ton. The mlue of the 1,078
short tons produced in 1930 by the American Tale Co. indicates
that the rough talc from the Milladore Talc Area sold for less
than'haff the average price per ton for the whole country, It '
seems that the Milladore talc was either of inferior grade or
lacked a suiteble market, It may have been both.

The price of talc continued to decline until 1936 when

there was an upswing again, and in 1940 the average price per

ton reached $1l,

Talc and ground soapstone today finds 75% of its use in

raints, ceramics, roofing, paper (filler), and in dusting rubber

6 Minerals Yearbook(s) 1929-1940




to prevent sticking to molds, About hzlf of the amounts of
falc produced goes into paints, and most of the remaining

hall into the other industries named in their order of import-
ance, The present war has inspired research and the deveioP.
mentof plastics in an effort to replace metals to a large ex-
tent, and talc has been utilized as a filler in these plastics,
Wood flour, however, is used to a greater extent in the plast.

' iecs than ground soapstone.



