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WISCONSIK GEOLOGICAL SURVEY
A STRUCTURAL STUDY OF THE WAUSAU AREA

R, C» Emmons end F. G, Snyder

The area of this study includes twelve townships, Townships 28 to 30,
Rangee 6 to BE. It is located in Marathon County, Wisconsin, and includes the
City of ¥eugau in the east centrel pert, It is orossed by U,S. Highway Né, 51
from north to south, by State Trunk Highway Ko. 29 from esst to west, end in part
by State Trunk Highway No, §2 which leads from Veusau northeasiward, Elsevhere
within the area sre several county trunk higlweys and many secondary roads of good
guality. In general, rcads sre one-~half mile to one mile mpart.

There is considersble quarrying of granite, quartzite mnd mrgillite with~
in the aree, whiokh is devoted primerily to farming. Several attempis heve been
meds in the past to exploit the occurrences of mepheline and zircon which have long
been kmown, Nepheline, which is the chief objeotive of the present work, has not
been found in suitable iron free guelity nor in sufficient gquantity et the surface

for guarrylng cperstions.

The purpose of this study has been to leern the conditions under which
the nepheline depcrits were formed with & view:

{1) To delimiting the area of the nepheline cocurrences,
(2) To determining somsthing of the neture of the nepheline reserves,
(8) To leerning =omething sbout the factors which determine the iron

content of the nepheline,

For seversl yesrs now it hes eppearsd that the nepheline owes its origin
and distribution locally to structural fectors within the ares. Yith this in

mind thls structural study wes undertekxen, end the results of the field work a
offered here,

¥Ye have had the distinct adventage of two separate pieces of work in the
erea to help us, thet of Veldman, published as Bulletin 16 of the Geologicel Sur-
vey of Wigconsin 1907, and thet of the ¥isconsin Geological Survey field parties
of the eerly 1920's supplied to us as blue print township plats of the geology.
We have modified somewhat thess interpretetions but heve drewn heavily on them,

as acknowledged in the accompenying map.

The rocks ocourring here are volocenic flows end associsted sediments overe
lain by guertzite, later intruded by granite which differentisted into severel
types including the nephsline~bsering rocks, as & result largely of the structural
control of the overlying roof rocks, Vith this picture in mind the meny rock
types found in the area are seem to be in considersble pert modifications of the
few fundsmentel types, and the complex picture of the esrlier mspping mey be
simplified grestly by grouping the modifications under general heeds. The funde-
mental rock types &nd their modifications will therefore be discussed first.

Their mutusl relstionships will then be more easily described.

Rhyolite. The rhyclite is best exposed end occurs in lerger bodies in
the eestern portion of the srea, The mapped rhyolite immedistely east of Paus??
ie well exposed mnd in considerable part is unelteved. Ancther excellent localitv



in which to mtudy the rhyolite ia Big Sandy Perk where Big Sandy Creek cute the
rhyolite end provides & continuous exposure for 100-200 yards and sdditional ex=

posures beyond, :

In general the rhyolite ies e dark reddish or dark gray porphyritie rock,
massive Iin structure and outeropping better then many other rocke of the district.
The rhyolite metrix is extremely fine-grained, much too fine-grasined for field
study, The phenocrysts are feldspar srd quartz. The nsture of the phenocryste
is not oonstant over the srea, belng ususlly feldsper, sometimes quertz and commonly
feldsper with & 1little quertz, The feldspar is orthoclase et some localitles, is
ususlly plegioclase, and locally includes both. The feldspar may be either white
or red, but is more commonly white in the darker rhyolite occcurrences and is red

in the reddish rhyolite,

The Big Sandy Creek exposure gave the best opportunity for study in the
area. The rocks appear on both sides of the siream as well ss in the bed. Ex-
posures are good. koet of the rock is rhyolite, most of the rhyolite is porphyritie,
the remsinder (10-20%) is chlorite schist., Virtually &1l of the rhyolite is at
least somewhat shesred. The matrix of the least sheared rhyclite is too fine-
grained for the Rand lens but the orthoclase phenocrysts ere 1-2 mm, long. They
show up best on ths weathered surface, The thickest beds mre inclined to be
magsive, are 20-25 feet thick; others are as thin &8s 3 feet, The originel lithology
of the thinner hWeds 18 8 guestion since they heve developed schistosity rather
congistently and sre now chlorite schist. The attitude of the beds and schistosity
ie uniformly strike N75°E, dip 80%5, Original flow structure in the rhyolite is
guite commonly evident end in many beds is very merked,

In the area northeast of Yeusau and southerst of Brokew, the rhyolite was
observed meinly in surface float rather than in outcrop, Here much of the rhyolite
carries only clear, glassy quartz phenocrysts in euhedral to subhedral form, and
having plentiful inclusions of megnetite or chlorite., For the most part, however,
the rhyolite here carries plagioclase phenocryste, well twinned, and white in
color. The matrix is very dark. Some of the rhyolite in thie section is sheared

in which oase it is gquite light gray in color,

Directly eest of Weussu, ebout one mile from ths city limits (NEZ NE;
Sec, 29, T 29 N, R 8 E), the rhyolite is well exposed on ths crest of e& southward
facing hill. The metrix is fine-grained, almost glessy, medium gray in coler and
carries phenocrysts of quart: and plegioclaese. The quartz is well rounded, end
is by no msans sbundant, possibly no more then one per cent of the rock., The
plegioclese phenocrysis constitute between five and ten per ocent of the rock.
They are in subhzdral to euhedral orystals, 2-3 mm, in diemeter, white in color
end well twinned on the albite-~carlsbad complex law, The rock shows & very
messive charsoter et this point. The outcrep does not permit the delerminstionm

of individusl flow thickness.,

Thess descriptions apply to the rhyoclite in its most neerly uneltsred
form. The recognized modifiocstions of the rhyolite ere of specisl interest sincs
the rhyolite is so closely essoociated with other rocks cof ecriticel interest in
the mrea, some of which bear s slight resemblance to modified rhyclite. A few
selected modified rhyclites may well be described, A common aspect of the rhyolite
where it is close to the intrusive splite or is ocut by eplitic apophyses is a
glassy medium gray rock, with or even without phenccrysts, in which the metrix
iz distinctly spotted by chlorite in small greins or ir sggregates. There the



aplite epophyses are large and numercus, such as lmmedistely east of the city limits
of Yauseu on County Trunk Bighwey "N" end in the environs south of the highwey, the
rhyolite goes far to blend with the splite through recrystallizstion. Apparently
this slteration does not extend far from the splite-rhyolite contact, possibly only
& few feet, though the apophyses heve been cbserved to penetrata the rhyolite for
* two or three hundred feet. This ie illustreted on Higlwey "J" one mile north of
Highway "N" 4n SE] SEL, Seo. 25, T 29 ¥, R 8 E, and again on Bighway "K" just east
of Vauseu, though less olearly (South border Sesc., 31, T 29 N, R 8 E),

Contiguous to the irntrusive granite the rhyolite is dark, even becoming
dloritic, This peculiarity is not essily expleined since the contact selvage is
higher in mafioc constituents than is either the granite or the rhyolite, Bedrock
exposures are 5o meager in these places thet only = suggestion cen be offered in
expleration., Ve have observed repeatedly that the rhyolite darkens et intrusive
contacts with the granite end locelly becomes highly mafic., This process of change
leads to a granite hybrid which ranges from grenodiorite to mafic diorite. Ons
interpretation of these facts is that the rhyolite pesses downward into more
vulnereble and mefic rock, such as greywacke or greenstone which yields the hybrid
mentioned. The rhyolite itself, being refractory, repels the intrusive which stops
progress after digesting the mafic meterisl; hence the hybrid salvage between the
intrusive and the rhyolite,

The exposure of rhyolite on the north bank of the Ksu Cleire River just
east of the bridge near Kelly shows both the spophysal penstration of rhyolite by
epperent grenite end the development of small plegioclase laths through recrystel-
ligation, in addition to the spotty eccumlation of mefic material slresdy des-

cribed,

Southeset of Schofield (in Sec, 20, T 28 N, R 8 E) the float indicstes
the nearest spprosch to a gredetion between eplite end rhyolite of any rook seen
in the aree. Some of the rhyolite flcat here shows flow banding which bears =
resemblance to the banded aplite seen eleewhers., Also shown here are various de-
grees of development of the wafic hybrid type from the rhyolite. Since, however,
none was found in place, the conclusions must be withheld.

. Another type of slteration of the rhyolite is found in 8T1 SEj of Sec. 26,
T 30 X, R 6 E, where the rhyclite has been shesred to produce a very white, very

fine-grained, apparently sericite schist, Thers ere quartr sugen, epparently

phenoorysts, in the schist. The schist ocuts rhyolite which is here exposed in

the roadside,

It will be shown below that much of the rhyolite of the map sree and most
of the smeller rhyolitic bodies mre shallow and yield downward to splite or granite.
The reticulating dikes end veinlets which charecterize much of the rhyolite are
to be interpreted as such contact effects and not es features of the rhyclite

itself,

Gresnetone, T.e have chosen to include under this hesding the following
rock types ~-- ergillite, basalt, sgglomerate, chloritic greenstone schist, and
hornblendite, Ve heve done so with the thought that ell these rock types are
closely releted, as will be shown. Although the dioritic and gabbroic hybrids
could well be included here, we heve chosen to classify them with the granite.

Actually they sre contact phases on a large scale.

The most sbundsnt of the greenstone types is sargillite which occurs ex-
tensively over the northern part of the mep aream. It is best expomed for study
near the ¥isconein River, where it outerops in several pleces boldly and Is also
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reverled in road cuts. It includes both msssive and banded types, end both mafic
and quertzitic types. '

The beat exposurs of the srgillite type ie to be found in the Brokaw
quarry where the arglllite is being used for roofing granules. Outcrops to the
south of the quarry for s half mile sre slsc good, especielly in highway roasd cuts,
The surface aix feet are badly jointed to produce the customsry smell, angular,
hend sire blooks so commonly found ms float where outcrops ere lecking. Below
this the rook, though jointed is msesive in large part. Some beds are bedly
Jointed es deeply as the cuts revesl them, The ergillite may be divided into three
main types---banded argillite, massive argillite, and guartzitic argillite.

The bended ergillite is perheps the most common of the three, The band~
ing is not very evident on & freshly broken surface but ordinarily shows well on
& weathered surface. In the querry, however, the banding shows well on fresh sur-
faces in some parts. The banding consists of color contrasts showing beds reng-
ing in thickmess from that of a shest of papsr to 1/4 inch. The bends are by mo
means parsllel but show marked lenticular form. There is no evident contrast in
grain size of contiguous beds. Within beds thsre is further banding, eand oversll
contrests are evident in stretigraphic units six feet thick, But under the lens
all beds are campoted of materiel beyond resciution., In several of the exposures
south of the guarry the bedding shows merked folding, even crenulation, without
eny epparent incresse in frecturing of the rock, this despite its hard gilicsous

nature,

The messive argillite is a dark greenish gray rock for the most part,
uniform in coloxr &nd lacking evident etructure., In places it carrieas small one
millimster spots of chloritic meterial but in most places is uniformly colored,
hard end messive, Specimens from different parts of en outcrop of masszive
ergillite may show distinot color contrest but one is mot conscious of the change

in the rock at eny particulsar place,

Cne modification of the massive argillite shows strong development of
serpentine. This rock is strikingly messive and upiform and mppears to be con~-
fined to definite beds. It is not of infrequent coourrence but is much less

common than is the siliceous type.

8ti11 anvther massive type of srgillite, epparently of only occasionsl
occurrence, is one which has the sppesrance of being highly sericitized. It can
be scratched by & knife but also scratches the kmife. It has an argillaceous
odor, its oolor is gquite light gray, end its texture is beyond the reach of the
hand lens. It may be sn alterstion product pmeasr an intrusive contact,.

The most guarteitic argillite seen is being quarried in the Brokew gquerry.
This rock will undoubtedly prove wurder the microscope to be novaculitic. It is
trenslucent, pele in coler, in part massive, in part banded, extremely fine-
graired, end bresks with a oconchoidsl fracture., Vhen struck with &8 hammer it has

e metsllic ring.

Another excellent exposure of argillite, most of which is finely bended,
is in e road cut on the emst side of the Visconsir River directly north of Wausau
on HEighway "T." in Seec. 12, T 29 X, R 7 E. This rock is more chloritic than that

at the Brokew guarry but otherwise is quita gimiler 4o 4t. It is well and finely
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bedded in the southern part of the exposure and quite messive in the northern pert,
The exposure is gbout s gquarter mile long.

Elsewhere in the area gresnstome occurs freguently but usually in =mall
outcrope and mesked by typicmlly intense surfece fracturing, Also, it is commonly
modified by the olosely underlying igneous intrusives, and is dissected by their
apophyses. This applies espevimlly to the large sress of argillitic greenstone
in the north and west of the msp aree.

In two pleces, egglomerste wee found -~ one in the SEX, Sec, 12, T 29 X,
R 7 E, resched on Bighway "®" north of Vaussu, It ocours on & hillside in a
pesture sbout 100 yards from the road. The other occurs immediately south of the
Brokew quarry in s prominent rock out on the highway. In both occurrences tuff
gnd agglomerete are found together., Especially in the Brokew occurrence the
lerger fragmente sre rounded, giving the rock the esspect of & conglomerate, The
fragments are, however, all volcanie., The tuff and tuffececus matrix of the
egglomerate 1s composed of volemrnic fragments, highly angular in shapes, variously
colored and textured and deminantly uder 1/4 inch 4n size, This rock is compara-
tively soft, especielly when compered to the argillite. It eppears to be keolinized
or sericitized. Under the hend lens the entire rook appears too fine-grained for
reesolution. Only by ¢olor contrast do the tuffecesous &nd agglomerstioc fragments
stend out., Verious colors are represented, mosfly derk, the fine metrix is mostly
f2 mauve shede. The largest fragment seen in the agglomerste is one foot in diameter.

The majority of the fragments are one to four inchea,

The hornblendite which is found only et two places in the erea (Sec, 33,
T 28 K, R8E, and Sec, 13, T 28 K, R 8 E) is a rock of unususl 4nterest and sig-
nificance in its connection with the structural history of the erea., It is a
metamorphic rock camposed of large poikilitic hornblende crystsls messuring common=-
ly over one inch scroes and in the extreme as lerge s three inches long in a
matrix of dominant hornblende and & little feldspar. It is sssocisted with green-

stone and prenite,

Grasnite, It is probable that thers sre two grenites in this aree but mo
field method hes beem found to recognize the older of the two. It is possible
that the granite of the repids et Big Rib Falls is the older granite but we are
unable to offer evidence., It is probable that the overwhelming bulk of the greanite
of the arees iz younger grenite which im intrusive into all the rocks reprssented
on the map. Included under the map designetion "granite" are slso the hybrid rock
types, diorite and gebbro. Most of the granite is red. When conteminated by
greenetone, the granite becomes white or grey or even black and gebbroio.

The red granite, the common grenite of the district, is by no meens uniform
even in those parts of the area which are presumably remote from foreign contamins~-
tion., From plece to place there are differences in the orthoclmseplagioclase ratio,
in the guartez content and even in the hormblende content., The preesence of biotite
hes been sdopted &85 one indication of contamination by greenstone, Commorly, too,
the contamineted granite is gray rather then red, end 38 higher in mefic con-
stituents than is the common red grsnite. From place to plsce the red granite
texture shows differences but the most striking differsnces in texture sre to be
found near locel contaminetion. Aplite dikes seem to be s common festure of the
grenite, to be seen in almost any large exposure, Pegmetite and lampophyre dikes
are more limited to the vieinity of areas of foreign contsct.

There ere several guarries in the red grenite, in arsas whers the gran?te
is most "normal" and uniform. The granite at these points i1s indeed rather uni-



form, A typicel querry granite of the Wausau area is feldspar 657, including
both orthoclase snd plagioclase, quartez 35%, and usually e little chlorite. The
© texture is ocoarse granitic, sbout §-6 mm., The rock is messive and in the deeper
- parte of the guarries iz very widely jointed, Some of the quarries show e
seriously large number of chloritiec paulopost vzinlets which necessitate the dia-
carding of quantities of othsrwisze marketeble rook. Rerely are inclusions a
problem in the grsnite querries of the Wausau sres.

Arees of hybrid are quite numerous., A typical exemple is that in the
northwest corner of Sec. 84, T 29 N, R 6 E, Here the rock is greenish gray, fine
granitic in texture (1-2 mm,) it is daminently feldspar (80%), and cerries ebout
18% of chlorite and hornblende, The zuartz content is sbout t%. As is character-
istioc of the granite hybrids in genersl, the individusl minerdls eppesr to be
mesked by an alterstion such as sericiticetion which deprives them of the sherp

boundsries due to color contrast ssscciated with fresh granite,

EBybride may be found in the sres in all stsges of resction., Some such as
that exposed et Big Rib Fells contein guentitles of quite undigested greemstone.
Some, such as the exposure in the rock cut where County Trunk Bighway "0" crosses
Stete Highway Wo, 29, show the greenstone well recrystallized but by no msens
grenitic in texture exocept loeally. Some, such as the exposures in Sec. 25, T 29 N,
R 5 E, show the inclusions s& ghosts. This ie elso shown in a more edvenced stege
in Sec, 29, T 30 N, R 8 E. A most extreme degree of reaction is illustrated by
the granite in SV SE} Sec, 16, T 29 N, R B E. Here the rock is a bictite granite
earrying sbout 104 of biotite, Other illustrations could be given but these
illustrate adequastely the principles involved. Usually the hybridizstion can be
traced from greenztone scross ths grespstone-granite contact slmost enywhere with-
in the areas, through the steges described out into biotite grenite end finslly into

that which we choose to recogrnize as "normel" granite,

An attempt wes made to learnm the depth to which the greenstone influences
the granite. Where this could best be learned, in the northwestern pert, outcrops
are too scattered and we felt that such criticul information should not depend on
Tloat, In the northeast cormer it cen be ssid that one mile from the greenstone
the granite shows no recognirsble effect of the gresnstone. This seccumes that the
contact is vertical since the messurement is made on the present surfece., There
will bte offered evidence thet most of these contects have a very low angle of dip
end doubtless therefore the stated mile can be reduced well below half thet distence.

The mutusl effects of granite end greenstone mey be of the type described
above, presumably the normesl reaction when greenstone rescts with the main body
of the granite where diffusion is most free to operete. Ancther type of hybrid-
itetion and one less commonly seen is that which leads to the conversiocn of green-
stone to dioritic end gabbreic rock types. There sre two localities within the
mep srea where such rocks have been formed ~-- the ares around Callon end the ares

sround Bip Rib Falle,

At Callon, the sdmixture of gresnstone and gabbro in the reletionship of
en Injected gneiss and the transition to hornblendite at one point end to granite
to the north lsaves littls doubt about the origin of the gabbro. This rock is
ebout 50% fine-grained gabbro with occesionsl pegmetoid eress of smell size, the
remeinder being bsnded chloritic gizeenstone considerebly recrystallized to cosreser
feldspar epd actinolite. It is composed of an estimated 65% of cslcic feldspar
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end 35% sotinolitic smphibole., The feldsper is medium gray in color and the
smphibole is green, not bsealtic. The rock looks fresh. The texture is fine
granitic (2-3 mm.) but pegmatoid phases are cosreer {about 6-8 mm.) end show up
espeoially wall on the weathered surface, On the fresh break they are marked by
an especially strong development of smphibole, Throughout the rock there is a
noviseable tendency for the common orientation of amphibole. This amphibole is
derker in color than that of the run of the rock, It 1s the apparent beginning of
the formation of poikilitic hormblende porphyroblests, ’

The greenstone inolusion phases ere marked on & fresh break by more chlorite
and by more sctinolitic emphibole. The gsbbrolc pheses show s tendency for the
emphibole to become hornblendic. The greenstone phases are thsrefors very evident
on & weathered surface, but by no mesns evident on & fresh bresk,

The hornblendite in ths gsbbro ares is composed of en estimated 75% horn-
blende, and 257 oalcic feldsper, Much of the hornblende im porphyreblastic and
poikilitic. This rook eppears to be smelegous to the porphyroblastic hornblendite
found in Seoc. 33 of the same township, differing lergely in the smsller size of

the hornblende orystals.

In the gebbroic area (mapped as granite) in the vicinity of Big Rib Falls
the rook variations include many of the ssme type but slso cthere. In SW%—SW&,
Sec.30, 728N, REE, the rock is & sodic biotite diorite, a mafic hybrid-granite in
texture (1-4 mm.), and composed of about 40% biotite snd amphidole, 40+% oligoclese
and 10+% quertz. The rock is definitely patchy in its mineral distribution, ‘even
to slightly pegmateid groupings. Assooisted with it is good granite eplite 4in
small dikes. Nearby other rocks ere charecterized by a dioritic appearance to
the nsked eye but under the lens revesl a fine-grsined matrix cerrying lath-sheped
plagioclase orystels (neer andesine} 2-3 rm. long. The rook appears to be a re=-
orystallized srgillite or even a bsselt, And sgain elsewhsre in the vicinity are
outorops of grancdioritic rock., Good pabbro was found in this aree as flost but
not in outcrop. On the northemst side of Lower Xosinee Hill is some gebbro seen in
float only, showing a remarksbly coarss, even pegmstoid, texture, carrying calecic
plasgioclase, tomresely twinned, end sctinolitic smphibole,

Aplite. There sre tiree sress of aplite mepped in this study, one in T28N,
RBE, one in 728N, R8E, and the third and largest in T29N, R6 end 7E. The second
area mentioned is largely granite splite, the first contains ocornsidersble good
sysnite esplite end the third is very largely syenite aplite. The third srea is
very probebly continuous under the alluvium with the smeller aresss of splite in
Little Rib Hill end in the hill to the west of Little Rib amoross the Little Rid
River. 8imilar good gquality sysnite aplite is known to us to occur sround Rib
Mountain though this srea hes not been remspped by us &t this time. There are
smaller syenite and granite aplite oocurrences but they are believed to lack sig-
nificance in connection with the present study, )

In gensral the aplite is litholegicelly & true splite charsateriged by the
customary fine, sugary texturs of crushed and recrystallized minerels. The rock
is equigranular, except for & porphyritic veriety in the T29N, RS8E occurrence,
Under the microscope the component minerals commonly show sutured boundaries. ¥uch
of the aplite is apparently moncmineralic, but most of it cerries et lesmst a little
emphibole or even biotite and as mentioned some of it carries guertz. The mafic

content is especielly varisble and when high gives the aplite & derk color. The
most normel color of the aplite is pink or scme light shade of red, Variations
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include white which 1s& reather rare, brown which 12 more common, rich red which ias
also common, and shades of green which become more rare in the darker shades.

An excellent exposure of the aplite where it carries quartez, is that just
north of State Highwey 28 in ¥W} and KB} of the NE] of Sec. 31, T29N, R7E. Hers
the rook showe some renge in texture, structure and in domposition. It iz rether
well bended, the bends being both fine (microscopic) and cosrse (up to 3"), Soms

of the banding is quite etraight, some is wavy, none is crenulated, much is of
varieble thickness. It ir defined by differences in both texture and composition.
The compoeitionel differences are the most evident bscause of the greater smount
of biotite in some bands, glving thereby a color contrast. These differences are
tyrical of the finer bende. The textural differences are alsoc somewhst composie
tionsl, They cheracterize the cosrser bsnding. These differences ranges from
coerse granitic (6 mm.) which is not common, through fine granitic (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 ms truly rhyolitie.
~ Attention is celled to this lezt texture, which is in bends up to 1/2 inch and in
pleces is more than 25% of the rock, Augen-like mssses of mafioc material from a
smell fraction of &n inch up to 8 inches emphasize the general gneissic structure.
The coarser textural portione are elso liberslly arranged in this same sugen-like
menner. The sttitude of the banding is fairly uniform,

Mineralogically the rock is for the most part a grenite eplite. Lesser
veristions extend to granite at ome extrsme rnd to qusrtr syenite eplite st the
other extreme. Xone of the rock can properly be called a syenite or a syenite
eplite at this locality. It is composed of dominently orthoclase feldspar, with
prominent ocarlsbad twins. Thsre is a little plegioclete feldspar, which is appare
ently quite sodic. Quartz ranges from 10-40% end sversges 15-20%. The mafic
mineral is blotite in flskes and aeggregetes, both guite lineally distributed.

Another excellent exposure of aplite may be found at the north end of the
sams quartzite-cepped hill, in vl 8Wl, Sec. 29, T29N, R7E. This is perhaps oze
of the best aveilable exposures, in thst a good seotion is offered for a depth of
et least 60 feet, The rock shows meny varisties of the aplite which occurs below
the quartzite, The aplite is camposed of orthoclase feldspar, black emphibole and
in some parts quartz. Some of the rock is composed of pure feldspar. Most containa
in addition 10-185% of amphibole. A small part of the rock contains a little quarts,
in places resching at most 20%. The feldspar is present also ss ococssional pheno-
cryste in size up to 2 om. Most of the feldspar is Carlsbad twinned. Crain size
of the matrix covers a range from oryptoorystalline to fine traschytic (4 mm. long).

¥uch of the rock shows trechytic texture,

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

structure shows repested breccigtion, repsated intrusion and welding accompanied
by rather strong flowage, The mineral composition of the successive imwellings

of igneous meterial 1s not constant, Especielly does it show varistion in mafic
content, 8imilarly the textural differences of the successive inwellinges ghow con-
siderable veriation in grain size. The comrsest meterial seen is also the most

guartzose -~ essentially a granite,

In KT} WY, Seo. 28, T29N, RTE, slong the east-west road which has been
comparatively recently comstructed there is & large smount of float material that
hes been dug up by the construotion crews and tossed sside, Outcrops are few hare
but the float is so plentiful and is ec consistently aplite and ita pheses that
the informstion yielded is of interest, Socuthwerd nesr the Big Rib River, in the
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lowlends, the rock is comrse emough in texture to be granitic and osrriee 5% or
more of quarte, though it is associsted closely with definitely aplitic rock,

These lowlend occurrences also show more highly mafic eyeniteend eplite, being es
high e 15% in mafic constituents. Northward the mplite becomes mors truly aplitic
in texture, the average grein size deoreasing norihward from 1+ mm, to well below
1 mn. V¥afic constituents end quertz are both less prominent and on the east west
road {north border of Sec. 28), the gquartz is slmost entirely missing. The rock

is therefore sboul 95 feldspar end 5% or lees mafic material,

The gplite here carries inclusions of quartrite snd of modified greenstone-
like materisl. The quertezite inclusions are elongate but mppesr to be little
ezltered. The mafic inclusions are sugen~-like in shape and ere aligned with the
struoture of the rock. The rock =s a whole ia intensely and finely baended, the
banding being most commonly evident in the selective alignment of discrets mafic
constituente, However, where the rock is essentislly pure feldspar snd the banding
is not at ell evident on a fresh bresk, the weathersd surfeos usually revesls the

fine bended siruoture,

A pecullar feature of the bending is thet it is not by eny measns parallel,
exoept over a distance of s foot or less. Extrems departurss from parallelism

sppear elmost like oross bedding.

In plsces, large {one inch) pegmatoid orthoolsse crystels are developed in
the splite. Agein, nerrow (1/4 inch) indsfinitely bounded dikes of syenite cut the
aplite with an irregular trend., Since the mplite is here consistently some shede
of red or pink end these dikelets sre also pink, the blending is emphasized, A
fsw coaerse (6 mm.) gray hormblende syenite dikes of 1-4 inches cut the splite in

this vlcinity,

In the zsme locslity there is Tloet of nepheline syenite indiceting quite
surely thet at least one nepheline syenite body slso cute the aplite as doss ths
gray hornblende syenite, but none was found doing so in the float.

Distinetly porphyroblestic aplite is a rather common type of the splite
erea in T298, RBE, It ia composed of sbout 20% quartz snd 15-20% biotite; the re-
meinder is feldsper. The feldspar is in pert present as poikilitie, subhedral
porphyroblasts in & matrix of ceteclastic, Yrownish oligoclese, orthoclase end

quartz. The biotite is lergely in aggregates.

The aplite in places eppsars to be dsrived from a hybrid magme. To mention
one of these the eplite in SWi SWI, Sec. 26, T20N, RGE, is composed of feldspar
75-90%, quertr 5-10%, snd smphibole snd chlorite 2-10%. It is not uniform, es the

above percentages indicete, but is massive or gneissic, uncontaminated or genclithic,
or cut by pegmetoid dikes. The aplite in general is inclined to be more mefic,
some of it wmuch more mafic contiguous to the greenstone whioh it lntrudes.

%xgnite. Although the syenites ocecur only in compsratively nerrow dikes,
nevertheless they outcrop well and sre availeble for study, The syenites cecur in
& great meny verieties of color and eomposition end textures. The most common of
#ll the syenites is the gray, the most striking is the pink, end both have very
spectacular phases of eyenites pegmstite. VYhere the pink syenite contacts the gray,
intrusively, the gray is convertsd to a brown syenite which should not therefore
be regarded ss e distinct rock type. The gray syenite is guarried in twp pleces
where it is therefors well exposed, Although it is similar wherever found, the
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following descriptions sre quoted from the field notes on the quarries which are
in neighboring dikea and are only 1/4 mile apart.

One quarry is in Wi, Sec, 23, T2SN, R6E, and is rsached from County Trunk
Bighway "U." This is dark grsy syenite composed of an estimated 85% orthoclsse
snd 16% smphibole. The texture is massive, granitio (4-~6 mm.). The querry rock
is out by two distinct typee of pegmetite and a highly mafic splite. ¥o lam-
prophyres are seen. The earlier of the pegmatites is dark, the same color as ths
host, and is composed of en orthoclese, the moonetone veriety, 4n crystels usually
under 3 inches long, associeted with black amphibole erystals which are usuelly
smeller than the feldspars. The leter pegmatite is composed of light-colored
ortheelase in crystels up to 18 inches long, sssociated with bleck emphibole
crystals which ere very elongate, up to 12 inchee long, end usually under 1 inch
wide. These pogmatite dikes are of various thicknesses, commonly 4-6 inches, but

renge up to 2 feel thiock.

The other quarry is in SE% Sec, 14, T28X, REE, and is alsc reached from
County Trunk Bighwey "U," The syenite here is similar to thet of the south quarry.
The pegmatites in it ere larger end meore mumerous but ere otherwise similar, A
special feeture of this gusrry rock merits desoription. There are in it areas
from 2 feet to 10 feet across of mafic syenite (shonkinite). Its composition is
orthoclase 607, smphibole 30%, &nd biotite 10%. The biotite is in both small
flekes end In 1 inch poikilitic phenocrysts. The orthoclese is dark and with the
anphibole occurs in 2-3 mm. crystels, This rock mekes rather sharp anguler con-
tact with the gray syenite host. Also evident in the gray syenite is & smaller -
6 inch to 1 foot - mottling which shows up as a faint gray cclor contrast, the
effect being thet of a ghost ignecus breocia., The host is slightly lighter gray
in color. The mineral composition is the same so far as cen be told.

In NEi Sec. 32, T25N, R7E, is & large disintegrated syenite pit. In this
pit sre exposed seversl varieties of rock, most of which are syenite. Thers are
several outcrops In the trienrular ares between Highway £2, the zide rosd mnd the

river, The area is one of sysnite mainly,

Although there sre several varieties of rock present, most of them are
eyenitie, end most of them are coarse, granitic in texture. Much of the sysnite
ie massive, but some is gneissic, the gnelssosity being of the ortho type rather
then of the banded type. At one point there is a dike of fine-grained granite
cutting the syenite; it is €6-10 feet thick, The syenite, and the granite too,
have strongly aplitic phes=es, which grede into the coarse granitic phases and heve
apparently the same minersl compoesition es the rocks in which they occur. 1In the
syenite the eplitic phasss eppeer as locel aress surrounded by the coarse granitic-
textured host. In the granite the aplite sppears as indefinitely bounded dikes

in the host,

The main syenite is composed of perthite estimated st 85% end black
smphibole 15%. The texture is coarse, B-10 mm. for the feldspar, and ebout helf
that for the amphibole, The syenite aplite is fine textured {under 1 »m.) a&nd
eguigranular, It has gradationsl boundaries with the syenite. In places et
these bounderies there are mefio aggregates 1-2 om, in diamster,

Another phase of the syenite wea found et the pit., It is comrse granitiec
in texture (6-8 mm,.) and is composed of feldspar estimated at BO-85% and mafiocs
at 15+%. The feldspar is extremely finely twinned, evident only under 16X meg-
nificetion. The smphibole is black, &nd is poikilitic. Inclusions in it sre
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meinly feldspar end e little msgnetite, It ococcurs in grains equivelent in size
to those of the feldsper. There is present en cocasional grain of quartz., The
oolor of the rock is gray with a faint pink shade,
4

Still encther phase of the syenite here has a stromg red color, Its tex-
ture is similar to that of the syenite just described but it eppears to contain
orthoclese instend of plagioclese, It has ebout 80% feldspar, 16% black emphibole
end a 2mall smount, less then 6%, of quarte. The feldsper is very oonsistently
twinned on the cerlsbad law.

It will be shown later that the syenite dikes are composite end are mutually
independent. The varistions therefore sre potentially immumerable. The desorip-
tions given sbove are consideved sdequste for the present purpose.

Nepheline syenite, There are many dikes of nepheline Byenite in the areas,
almost as meny in fect as there are of syenite, Two types of nepheline sysnite
occur the most freguently, They ere quite similar except for the coler of the
nepheline which theycontain. Ve refer to the one as the gray nepheline syenite
end to the cther es the pink nepheline eysnite,

The best exposure of the gray nepheline syenite i1s to be found in a hill
with good outerops in SEZ Sec. 2, T20N, R6E. This rook is very slightly gneissio,
so slightly so that a determinetion of the attitude of the gneissosity is sometimes
diffioult, It 1s otherwise massive, medium textured (3-4 mm,) and granitic, It
is compossd of nepheline snd feldsper about B0O% end bleck amphibole 20%. The feld-
spar end nepheline are present in about sgual quentities. The strong pitting of
the weethered surfece is invariebly ths best indicetion of the smount of nepheline
pregent since on the fresh break the nepheline end the feldsper ere much elike,

The nepheline snd the feldspar both ere medium to dark gray in color. Ko white

nepheline was seen in this rook anywhsre in the area,

The pink nepheline sysnite cccurs in many places in the sres but nowhere
in prominent outorep es does the gray. It is ususlly guneissic and commonly very
strongly so. Its color is some shade of red or reddish brown. The feldspar which
is tebular and which by its aligmment creates the gnelssosity may be white, gray
or also pink, These tabuler feldspars may be 4-8 mm. long in the typicel rock.
The texture is intersertsl, the nepheline being the last to crystallize. The
nepheline in this rock is rather richly ocolored, a light to dark reddish brown.

This rock may be studied best in float along the Bouth border of Sec. 1, TZSN,
REE.

Nepheline syenite pegmetite, There sre two plsces, or pessibly three,
where this rock occurs, though irn both it cen scarcely be termsd a syenite., Peg~
matite solutions from the nepheline syenite elone seem sble to psnetrete the over-
lying greenstone {argillite), end where they do the resction producss & very coarse
dark green, ptygmetically folded injection gneiss, These two pleces sre (1) from
the midpoint of the south border of Seo., 22, T29N, RE6E to the west qusarter corner
on the south border of Seo. 23 contiguous to it; (2) in the STy Ny Sec. 1B, T29N,
R7E, and in the vicinity; (3) the third lccslity is in KE} SE Sec. 21, T28N, RSE.
It is spparently similar to the other but is very poorly revesled for study.

At the first looslity the nepheline penetrates the greenstone es e gneissic
injection, The penetration increases in degree and coarseness to the sectlion

corner. The rock is & derk, ptygmatically folded emphibole and chlorite gneiss
In this rock

consisting of m host of feldspar about 40%, mefics 30% end quartz 5%.
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the pegmati%e both orosses the gneissosity end follows it, giving locel pookets
end narrow stringers. Single orystels of feldspar and nepheline measure up to 6
inches long and commonly up to 4 inches long. The feldsper is white, the nepheline

is brownish,

At the sscond locelity, also penetrating the greerstone, is & lerge smount
of high nepheline syenite and appsrent nephelinite. The nepheline is quife dis-
tinctly reddish and carries 10-15% of mafics, It sppears in gpeiseic form, some
bands being very eplitic nephelinite end nepheline syenite snd some being guite
pegmatoid. The nephelire-bearing rocks sre guite dark greenish despite the reddish
cast to the nepheline under the lens, At the western end the float indicates &
greenstone breccia penstrated by nepheline syenite pegmatite as host. The frag-
ments are large and small, They are chloritized heevily esnd well digested by the
pegmatite, The pegmatite is composed of dark reddish nephelins 70+% and ortho-
clase 30=%. No twinning is evidernt in the feldspar. The crystal size of the

pegmatite is up to 2 inches.

White Nepheline Syenite. This rock is seperetely treasted because its
color 18 of merketsble qualify, It wes mistsken for slightly feldspethic nephe-
linite in the field but is found in the leborestory to be composed of esbout 203%
nepheline only, the remainder being black emphibole 20% erd feldspar 60%. The
feldsper is plagioclase end perthite, of good white color. The perthite is well
crushed though conesiderebly recrystallized, which gives it scmewhet the eppearancs

of nepheline in the field.

There are three cocurrences of this white pmepheline eyenite in the ares
50 far as known but there are undoubtedly others not yst discovered. One is men-
tioned in the last section, though this is the leest spectacular of the three,
A seccnd occurrence is that of two white neghelina syenite dikes in the floor of
a disintegreted nepheline syenite pit in KW; Sec. 1, T29N, R6E. These are poorly
exposed but the pit contains several residual boulders of the rock. The third
end best is in NV SW} Sec. 5, T29N, R7E, Here the eyenite oocurs in e dike 150
feet wide 80 fer as can be seen in the wemthered pit. Both the nepheline and

" feldspar ere quite white, The texture is grancblastic.

Structure., ZLater grenitic intrusion has so thoroughly mashed the clder
formetions that the section is and will doubtless remsin largely unkmown, Among
the oldest rocks of the mres probably are the rhyolites. Since they are not
everywhere Iintenesely folded, and since they predominate among the volcanics of
the ares--in faot, baseltic greenstone is extremely rare--one develops & feeling
in the field theat tlese rocks sre not pre=-Huronmian but younger. On the other
hand the rhyolites are rether consistently folded on an exis whioh trends slightly
north of east indicating one time shortening from the north and south, whereas thse
later regional shortening is from the emst and west. Some of the argiilite end
scme ©f the quertzite is only slightly folded, indicating that folding is not
uniform within the srea. Some rhyolite, too, shows little evidence of teing
folded, indicating that the folding is localired within the ereas. One possidbility
not to be discarded is thet there ere both pre-Huronien rhyolites and ieter
rhyolite end esrgillite. The occurrence of tuff and egglomerate with and in the
argillite suggssts strongly e rhyclite sssociation. But the cccurrence of
argillite in very slightly disturbed sttitude favors setting it eside from that
pert of the rhyolite which is s¢ closely end uniformly folded, Although this
question is too speculetive to answer, it seems most nearly answered by this

last suggestion,

As far ss is known then, the mection consists of rhyolites, folded and
intruded or not, overlein by ergillite, and possibly rhyolite of later sge, end
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‘these overlain by quartezite, The ares was then folded and intruded by granites
which may be of Eeweenawsn ege, though this sge too ism guite unkmown. Toward the
olose of intrusion by this granite whioch sppears to be the main granite of the
ares, rotetional pressure from the epst and west ceuced mild feulting with asso-

cisted dike emplacement giving the syenites of verious types.

The granite intrusive in this eree has & very flet roof which elmost coin-
cldes with the present ercsicn surface, 8light irregularities in the roof inter-

sect the present surfece, giving alternetely areas of granite and roof pendents
in the grenite., The map area is located within a large group of such roof pendants.

Cupoles of the grenite have penetrated the roof in meny places and heve been
truncated by ercsion., Where penetration and subsequent ercsion sre deep, the
granite is the normel red type of the eree, but there sre thres lerge dome-shaped
cupolas which have bsen only slightly truncated. These are the three sress of

splite already desoribed,

There is good evidence that the lower surfsce of the various rocf pendants
is rlso quite flet and slways close to the present erosion surface. Kear to and
between any two bodies of greenstone, the granite is charged with inclusions or
is conteminated with mefic msterial or even is a granite hybrid., Using this type
of informetion end epplying it in a vertical section we have been eble to arrive
et an approximete figure of the angle of inclinetion of the lower surface of the
pendent, it is 5 degrees, en eversge figure., This is well supported by the mapped
greenstone capping of the hills in Sections 21, 22, 27, 28 of T29N, RBE, and in
Sections 7, 18, 19 of T29N, R7E. ¥ith the exception of the grenits, therefcre,
all rook types within the ares may be assumed to be shallow, to give way to

gravite at compsratively shellow depth,

The shortening in the esst-weet direction is expressed in more than one
way. The overlying quartzite was folded slong & north-south exis with minor warp-
ing in an esst~-west direction., Along the present course of the Big Rib River
the guartzite ruptured, doubtless due to weskening by the subjacent intrusive
dome, and a large block of the quartzite, disengeged from the mein body, essen-
tielly floeting on the intrusion, and wes roteted, e apparently was the quarteite
at Ablemans, VWisconsin, under the influence of displaced materiasl in the trough of.
the closing north~south fold., This block now stends up on edge to form Rib
¥ountain, giving the felse impression of e fold with a 50° pitch, The limbs sre
seen in the Mosipee Hills end in Eerdwood Hill. However, we are interested in
that sspect of the structure here orly in its relationship to the local structure.
The quartzite of Rib Hill hes served ms a buttress to the east-west shortening
end has given it & strong rotetional component in most of the map eres., The two
shear planes developed as & conseguence of this shortening sre: (1) the rhyolite
bedding faults whioh strike N 80° E and dip 80° 8, Such bedding feults character-
istieally heve dissipested movement through the bedding end though characterized
by much movement reveal little of it., The shearing only indicates thet movement
in this erea; {2) the fault plenes which strike N 20° E end dip steeply. The
elongetion bisects the engle and is then ¥ 50° E and the grestest shortening is

90° to it, - N 40° W, This lest ie the strike too of the consequent tension planes.
end this is expressed by the syenite dikes,

Along none of the feults of the area is there esny grest movement. In
fsct, the movement is little more than token movement, However, the faulting is

very well expressed in the topogresphy of the eres snd in the streem psttern, BMost
of the dikese, and doubtless all of them are characterized by some movement between

their walla but very few of them show enough movement to ceuse the elimination,
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or other modification in mapping, of the exposed formetions, Some such evidence

of movement is found along the south border of Seo. 22, T29N, R6E, where the

eplite which forms s eelvage between the greenstone and the syenitic rocks within
the aplite at slmost all places, ie faulted out. But better evidence of movement
along the dike-filled feults is to be seen by following the trend of the dike be-
yond the limits of the dike where there are lnvariably such signs of faulting as,
shesring to produce a schist, or feult gouge end mylonitirzation or spectecular
breccietion. Some of these are described by Veidmsn, A few oocurrences msy be
mentioned: (1) Fault gouge in the extrems northesst corner of Sec, 17, T20N,

REE; this ie developed in greenstone; {2) White sericite eohist developed in the
aplite in Sﬁ% SE+ Sec., B, T29N, R7E; (5) White sericite schist developed in rhyolite
in SW%‘SE%-Sec. 26, T30N, REE; (4) Intrusive greenstone breccia in SV §E% Sec, 9,
T29N, REE; {5) Another in SWL NEI Sec. 18, T29N, R7E; (6) Another in SEZ SEj Sec. 26,
T29N, REE; (7} Sheared end shattered quartzitic argillite in a westhered roadside
pit in SFz SEY Sec, 16, T29N, REE.

There is sbundent evidence thatmny of the dikes are composite. Their
emﬁlacement history is therefore ome of intermittent opening and f£illing, with or
without displacement slong the freotures, The most common of the dike rocks is
the gray syenite, Next moet common is perhaps the red and pink syenite. And
next sre the gray nepheline syenite end the red nepheline syenite. There are meny
other syenitic types. None of the dikes is large; most of them mre quite smell.
A1l mre very loocal and give evidence not only of having originated locally but
defirite evidenoce thet the dike magms did not trevel fer. For instence, the margin
of the splite, near the greenstone is rarely cut and the greensione is still more
rarely cut, though both sre sgheared and brecoieted, and when out it is by only the

more xobile pspmetitioc solutions,

Although we have mapped 67 dikes, the correct number is doubtless closer
to 200, snd if single emplscements are counted as separate dikes, eech dike must be
regerded as not lese than 5 and probebly 10 eor 20 dikes, This is most convinc-
ingly illustreted in the pit end adjescent territory of K% Vg Sec, 32, T29N, R7E.

Petrogeny of the aplite and syenites, This will be discussed elsewhere
sfter edequate laboratory study.

Economic geology. (1) FRepheline. Our petrogenic conclusions which ars
not ergued here are t the aplite, the syonite gnd the nepheline syenite mre of
strictly locel origin, developed from the rocks im which they occur. Orly the
nephelins syenitée pegmetite is sufficiently mobile to pernetrate beyond its point
of origin end enter the overlying rocks, the greenstone, Therefore the nepheline
is to be sought within the asplitic sreess, in those perts of the splitic areas
which sre faulted and only slong the fault lines. Attention hes been called to
the irregularity of composition of the splite from which the syenites are derived.
The syerites take on the character of the aplites in which they occur. Vhere the
aplite carries free quartez, the sysnites also are quartz syenites. But Tore im-
portant, where the mplites are mefic, the syenites are mafic and when the sysaite
is nepheline besring some of ths iron is found in solution in the nepheline, Since
one requirement of commercial nepheline is that it be ircn free or low im iron, the
search can be very materislly aided by more detailed mepping of the aplite.
Specifically, the seerch should be for a truly syenitic aplite end one which is white.

There is ons rock in the sres which offers real promise of yielding good )
commercisl feldspar and nepheline, thet is the white hornblende syenite im NV Sty
Ses. 5, T25N, R7TE, This rock can be studied eesily in the lsboratory for sepsra=~
tion of the amphibole. Megnetic separstion should be sdequate, The host to the
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snphibole 1s: quite white, The size of the dike is not lknmown but if the sample
proves encoursging, the tonnege cen be easily determined by drilling.

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

(2) Zircon, Zircon is found in quartz veine in one locality only, Seo. 22,
T29N, REE, but may well ooccur slong mny of the northwsst faults which we heve
mepped., This one cocurrence ies so far unique in the area. Along the fault the
underlying grenite =-- parent of the splite -~ has penetrated more extensively than
it is known to have penetrated elong the other fmults, Even this penetration is

mostly by the more mcbile granitic pegmatite julces. In other words, this is the
uppermost tlp of a granitic tongue and must necesearily enlarge downward., It is
to be expected that the sircon content of the ore body will also improve with

depth despite the fact thet the ore is primarily in gquartz veins,

It is wholly reasonsble to believe that the ultimete parent of sll these
veried rocks within the eplitic area 1s the eame granite., Thersfore it may de
suggested that further prospecting for zircen may be guided by the search for coarse
feldspathic pegmetite such as thet seen in Sec, 22, T28N, R6E. The lsss prominemt
guartz veins may then be sought ir snd around the pegmetite.

(5)‘§§rogh§111te. 4 3 x 4 foot boulder of yellowish pyrophyllite was found
in MW} Sec. 34, N, « The boulder is composed of maesive pyrophyllite snd

guertz in which are grown radial pyrophyllite corystals, A pert of the boulder
containg ebout 10% of querte grains., The minersl is undoubtedly of good comrercisl

guelity though not the best quality.

Inquir¥ revealed that this boulder was dug in SE; Sec. 28, TZSN, R6E, end
heuled gwey. he erea is now a cornfield, without rock exposures, It is highly
probeble that this mineral is of loocal oocurrence end should be further investigeated.

The owner of the land is Mr. ¥, E. Mearsk, R.R. 2, Karethon, Tisconsin,

(4) Disiptegrated "granite,” Throughout the entire asrea we have observed
thst disintegration of the rock by weathering is edvanced sufficlently for ex-
plcitetion for rosd materisls only along the feult zones, Not all the faeults have
been recognized but more can be estimeted with fair reliability from the evidence
thet hes been cited and promising areas thereby may be located for road meteriels,

Another pertinent sugpgestion mey be mede for locating faults mnd there-
fore disintegreted granite within the gremnite areas. Ve have observed that the
disintegretion of granite along these faults ylelds es a by-product a profusion
of large, glacial appearing boulders. Normel weethering elso produces boulders
of this type but not in profusion, It is suggested that an exemination of serisl

photographs may yleld usefvl information of this type.

Recommerdations, It eppears desireble to obtain more detmiled informetion
on this promising ares than we have been ebls to gather in the four weeks at our
disposal. It is suggested that e party be ssnt in for a full summer to mep, on a
scele of 6 inches to the mile, the area of grestest promise sround Stettin. Search
should be mede for (1) white syenite splite; (22 renite or syenite pegmetite of
the type found in that Redant zircon propertys; 3§ white hornblende syenite; (&)
pyrophyllite, This scele will permit the mepping of the syenitic bodies on e trge
dimension tesis rether than on an exsggerated scale, as is done on the accompanying
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mepe £lso, there 1s much informetion to be obtained by covering the arsasz within
oriticel sections rether then only the ares adjacent to the highways %o which we
have necessarily besen limited., Also, the thres townships in southwest cormer of
the present mep srea which wes have besn umsble to do in the tims at our dispossl
could be done on a reconnaissence besis, as hss been done elsewhere in the ares.



