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An zrea locatesd in north-central Wisconsin, centered
around Auburnoz'ls Townahip in Wood County, was selected for
a sravity ana mz-rnetic survey. The purpose of the geo-
physical survey 1is to ascertain the value of a gravity and
masnetlc survey in mapping zeology in an area of Precambrian
tedrock where szoclceczic control is limited. The Precambrilan
metamorphosed 1rneous and sedimentary rocks are masked by a
mantle of Pleistcocene gslacial drife.

As a result of reclozic field investigations and
retrosraphic sxamiration, the rock tyres present are iden-
tifled as: jfneissic auartz dicrite, greenstone, hornblendite,
feldspathic quartzite, maznetiferous "quartzite,"
metagreywacke, cranlite, and granite-doiorite ccntact rocks.
ecphyaical survey consists of 215 gravity and 277
macnetic staticns incluaing those of detailed profiles. The

reslidual gravity znomzlil renerally range from +2.5 to +5.0
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and from -2.5 t£2 =4.5 meals. The vertical magnetic intensity

gnomalies ran~= ur to +5500 rammas, but most are less than
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+300 garmas, =2 rslatlve necative ganomialies average less
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than -100 gammas. Tie gravity and magnetlc anomalies trend
westerly and riorthwesterly and are generally correlated
wlth each other.

Densities and maznetic susceptibilities were measured
for each rock tyre found 1n outcrcocp. These physical prop-
ertles are us=d a3 tne criteria for identification of rock

malles.
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types from the s=<ronyv
Analytical -echnigues were employed to determine a

geologic crcss section from the residual gravity anomalies.

&

Gravity calculzations were performed along a section where
some geologic c-ntrcl 1s avallable to establish limits to
the interpretzticrnn. This cross section, the geophysical
anomaly maps, and the physical properties of the rock
types, formed the basis for the construction of the geologic
map of the arez.

The value oI &a gravity and magnetic survey in mapping
Precambrian btedrock - 2lczy in an area of limlted geologic

contrcl 1s provern.
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INTRCDUCTION

Purpecse

The objective of thils study 1is to ascertaln the valie
of a gravity and magnetic survey 1in mapvins Precambrian
lgneous and metamorphlic geolcsy 1In an area cf limited cec-
logic control. Relationships between known geolozy and the
geophyslical data shculd make possible the interpciatlcn cf
rock types throuch areas where bedrock 1s hidden beneath
glaclal sediments. The geophysical-geological relationships
can be determined from outcrop mapping and petrclogic exami-
natlon of the rock tvpes combined with measurements of the
denslty and magnetic susceptlbility of the rocks. Utllizing
emplrical and analytical methods c¢f examining the geophysical

eologic map
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maps, the constructicn of an interpretative

should be possible.
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The area of study shown 1in Fizure 1 is located in north-
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of the southern edsge of Marathon
lying in the north-central porticn of Yood Ccocunty.
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The landscape 1s typified by gently rolling topography.
The maximum elevation difference is of the order of 140 feet;
this relief 1s expressed over a distance of nearly five miles,
There are numerous small streams, but no great rellef is
assoclated with these features. The area 1s accessible by
a network of roads which are, in most cases, the sectlon
lines. Only a minor portion of the area does not have roads

defining the section boundaries.

General Geology

The bedrock 1s Precambrian in age and consists of
igneous and metamorphic rocks. Rock types present 1nclude
gnelssic quartz diorite, greenstone, hornblendite, granite,
granite-diorite contact rocks, quartzites, and metagraywackes.

Locally within the area, Upper Cambrian sandstone of
St. Crolxan age rests uncomformably on the Precambrian
crystallines. The sandstone is.found erratlically throughout
the area but seems to occur predominately near the western
edge of the area of study.

Covering the basement rocks and sandstone is a thin
veneer of glaclal drift. The drift ranges 1in thickness from
zero to at least 67 feet, concealing the majority of the
underlying rocks.

Outcroppings are found where bedrock protrudes through
the drift or where erosion has cut through the drift. Large

angular boulders, possibly termed "rubble outcrops," also



are prevalent, Often these are found near true outcrop.
The geology previously has been mapped only 1In a general
manner because of the masking effects of the glaclal drift
and lack of economic deposits.

The stratigraphlic column of the north-central
Wlsconslin region 1s presented 1n Table 1. The rocks en-
countered 1n the area of study are correlated on}y roughly
to those shown in the column. The gneissic quartz diorite
and greenstone may be representatives of the Laurentian and
Keewatin, the metasediments, most 1likely, are Huronlan or
Animikian as 1s the granite. The sandstcne 1s, undoubtedly,

Upper Cambrian, and the glaclal drift is Plelstocene.

Previous Investiegations

The first detailed account of the geology cf thls area
1s presented 1n a report of the Wisconsin Geologlcal Survey
found 1n Bulletin lNc. XVI, published in 1907; Samuel
Weldman, the author, described the geclory, including meg-
ascopic and microscopic descripticns of the maln lithologles
represented. Also described are the geomcrrhclezy and the
natural resources of the north-central Wisconsin region.

In 1918 another study was ccnducted in this vicinity.
This survey consisted of a geclogical investigatlion and was
accompanied by a dip needle survey. Maprs showing the
locations of ancmalous dip needle readlinis and lccations

'

and types of outrops and "rubbtle outcrcps" were products of



Table 1.--Stratiecraphic Column (Weidman, 1907).

= —_— = :

Wisconsin Drift
Third Drift
Plelstocene Second Drift
First Drift
Alluvial deposits contemporary
wilth drift

UNCOKWFORMITY
Paleozoic . . . Potsdam sandstone (Upper Cambrain)

UNCONFORMITY

North Mound con-
glomerate and
quartzite

Arpin conglomerate
and quartzite

Upper Sedimentary Serles [Moslnee conglomerate
(1ddle Huronilan?)
Marshall Hill con-
glomerate

Marathon conglomerate

UNCONFORMITY
3. Granite,
Nerheline Syenite
Seriles
Precambrian . . . Ignecus Intrusives 2. Gabbro Diorite
Series

1. Rhyollte Seriles
UNCONFCEMITY

Eib Hill quartzite

Powers Bluff
quartzite

Lower Sedimentary Serles Hamburg slate

(Lower Huronian?) .
Wausau graywacke

UNCONFORXITY

Basal Group Gneisses and
(Laurentlan or Xeewatin?) schizts
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GEOLOGICAL FIELD INVESTIGATIONS

Outcrops and "rubble outcrops" located by the 13138
survey of the Wisconsin Geologlcal Survey were visited. In
some areas the land had been cleared of all loocse rocx in
order to render the soil tillable. In othgr locations, out-
crops were not found where shown by the available maps.
The maps, however, proved invaluable in the selection of
areas of possible outcrops.

Due to the large area involved 1n this study, the
maJority of exposures which were sampled were proximal tc
roads. However, locatlions were visited in the interior of
sections where the maps indicated much outcrop or along
streams suspected of revealling bedrock. The outcrcps were
sampled taking care to avoid weathered specimens. In areas
where no outcrops were found, stone piles were examined.
These, 1n many cases, contalned one dominate rcck type.
Obviously, this only could be used in providingz a clue t=z
the underlylnz rock type.

The rock types identified on the maps of the 1318
survey and those of the 1907 repcrt presented 2 nomenclature

f1amie s

N
b

problem. The rocks appear to have been glven gener
because of the reconnaissance nature of the 1913 zurvey.
The problems occur in the identification of diorite and
granite, both in the 1907 report and in the 1933 survey.

7



The diorite of the older surveys referred to greenstone; the
dlorite of thils study refers to an intermediate baslc,
phaneritic rock. The dlorite of this study 1s belleved to
be what was named in the older reports as gnelsslc granlte.
Also, some of the rock tvres shown on the mzaps of the 1918
survey were not encountered by the writer, For example,
rhyolite which was reported to have been found 1n 20 of the
36 sectlons in Auburndale Township (EZEidemiller, 1918), was
not observed 1in the field, Possibly this rnyollte corre-

sponds to the fine grained cra:

ite mapped in this study.

8]



Method Emploved

Several thin sections were prerared of each rock type
that was collected 1n the fi=1ld, The mineralozy was deter-
mined by petrographic study. Estimaticns were made of the
relative percentazes of the mineral constituents. The
purpose of the petrozsraphic study was mainliy to ascertaln a
working nomenclature for the various rocxk types encountered.
A map showing outcrop locations and thin section numbers of
samples 1s found in Figure 2. The follcwing are generallzed
descriptlons and relatlonships which were cbserved mega-

scoplcally and microscoplcally.

Descriptions of Rock Tyrpes

Gnelssic Quartz LCilorite

Megascopic.--The rocx 1s distinctly foliated, the

orlented constituents being mcstly bistite. The strike of
the foliation in outcrop rances from N. 5C0° W, to N. 85° W.
and the dip 1is nearly verticzl. At tne surface the rock 1s
weathered to a lisht tan revezlir ccnsldisravle guartz. The
felsic and mafic portions rive a wnite an1 black effect.
Other minerals identified are plac-ioclzse, epidcte, and in

some samples hornblende.
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A curlous feature occurs in an outcrop 1in the north-
east corner of section 8, T, 25 Y., R. 5 E. Here exlsts
a good exposure, and in the mafic "bands" occur large "augens"
measuring almost a foot 1n cross section. Petrographilc

examlnatlon 1ndicates these features are primarily bilotite

I
D
O
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and epldote pods. The si he pods gives them a
xenolithic appearance, but the relatliconsnhlps 1n outcrop indi-
‘cate that they were formed by metamorphic segregation.

Microscoplc.--The major ccnstituent in thils gneissic

rock 1s plagioclase which 1s found in the c¢lizoclase-
andesine range. The placiozlzsze 1s hilshly fractured and
altered. In many instances the laths of plagloclase are
fractured and offset, even rotated by shearing. In these
zones recrystallization of the plagicclase and introduction
of quartz have occurred. The cuartz arrears fresh and in
every 1instance has sutured contacts.

The mafilc fraction 1s mostly bilotite. In the majority

of the thin sectlons studled, the tiotite did not show

ct

remanent forms of an amphlbole or pyrocxene. However, 1in a
few slides, hornblende 1s found with the blotlte; the
hornblende 1s belileved to be c¢f metamorphic orlgin. The

biotite 1s found predominately in ctheared zcrnes and in areas

(D

-~
(92

surrounding the plazlociase ©h

nocry

Ui
471

Epldote occurs assccilzted with plagioclase, blotite,
and hornblende. Epidote 1s identified 1n all the slildes

of thls rock type as a minor constituent. Another alteratilcn
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product 1is calcite. The calcite probably was formed as a
result of recrystalllzatlon of the plagloclase., Paragonite
1s observed as a plagioclase alteration product.

Accessory minerals are apatite, sphene, chlorite,
pyrite, 1lmenite, leucoxene, and magnetite. The relatilve
mineral percentages and the slides studles are shown 1n

Table 2.

Table 2.--Estimations of relative milneral percentages of
the gnelssic quartz diorite.

Slide No.'s . . . base 1 4 5 NES8 38 aver. %

Minerals: Percentages:

Andesine-0lig. 50 35 45 35 30 30° 39%

Quartz 15 25 20 15 10 13 169
Bilotite 20 2 20 25 20 20 22%
Calcite 5 5 - 5 15 - 5%
Epidote 5 tr 5 10 10 10 7%
Paragonlte 4 10 9 9 y 2 6%
Others: 1 1 1 1 1 25 5%

Apatite

Magnetite

Ilmenite

Leucoxene

Sphene 5

Chlorite

Hornblende 20

Pyrite
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On the basls of the amount of fracturing and recrys-
tallization of the plagloclase and other constituents, the
rock 1s believed to have been origlnally more basic, possibly
a gabbro. The majority of the quartz is thought to have

been introducad.

Greenstone

Megasceopic.--The rock is very dense and filne grained.
On the fresh surface the rock is a very dark green-black;
the weathered surface is slightly lighter in color. In
some locations a distinct foliation can be seen but, else-
where, 1s not as apparent. Strike and dip of the follation
1s almost the same as that of the gneissic quartz diorite.

The mineral composition cannot be determined 1n hand
specimen because of the fine texture. Some 1ron-stalning
1s observed, and a pencll magnet 1s strongly drawn to these
areas of stailning. This would indicate the presence of
magnetlte. ©Small quartz veins are observed cuttlng the rock.

Microscopic.--In thiln sectlon the rock 1s seen to

consist mostly of a very fine hornblende. Interstitilally
plaglioclase and minor quartz occur. The plaglioclase was not
seen in a good section and identification could not be made.
The plagioclase and quartz never exceed 30-40%. Other
minerals present are sphene, calcite, epidote, and magnetic.
The magnetite is found disseminated throughout the rock and
ranges in percentages from less than one per cent to four

to six per cent. The majority of the magnetite 1s believed
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to have formed from the alteration of the original mafilc
constituents. The posltlon of the magnetite seems to have
controlled to a degree by the shearing. In Table 3 the

relative mineral percentages are shown.

Table 3.--Estimations of the relatlve mineral percentages of
the greenstone.

===

Slide No,'s . . . 11 13 29 45 aver. %
Minerals: Percentages:
Hornblende 80 85 60 70 T4%
Quartz and
plagioclase 15 13 32 20 20%
Magnetite 4 1 2%
Others: 1 9 4z
Epildote 5
Calcite 9
Sphene
Hematite

The original rock is thought to have been a fine

gralned baslc extrusive, very possibly a basaltic flow.

Hornblendite

Megascopic.--The rock is fine to medium gralned and

is very dark, almost black in color. The majority of the
rock appears to be composed of hornblende. Sllight foliation
can be seen 1n the rock. Felsic grains are interstitial to

the amphibole. In sample no. 39 a zone of epldote 1s
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concentrated at one end of the specimen. In the epldote
zone are found much pyrite and magnetite. The thin sectilon
was cut from the amphibole area.

Microscoplc.--In sample no. 39, plagloclase i1dentified

as ollgoclase slightly exceeds the amount of hornblende.

The oligoclase 1is highly altered, fractured, and granulated.
It appears to have been recrystallized forming a mosalc of
oligoclase grains displaying sutured grain contacts. The
hornblende seems to have formed 1n the mosalc of plagiloclase
and 1s slightly orliented. There also 1s some minor paragonite
which has altered from the plagioclase.

The thin section of sample no. 16 shows the amount of
hornblende exceeding the plagioclase by a ratlo of 2:1. The
hornblende, again, has a preferred orientation. The 1nter-
stlces between the hornblende crystals are fllled mostly
wlth a mosalc of twinned and untwinned andesine gralns.

Also present in minor amounts are stringers of sphene which
transect the rock intermittently.

The rock 1s believed to have formed as a result of
thermal metamorphism of greenstone. The hornblendlte 1s
considered to be a hornfels facies product. In Table 4 the

relative mineral percentages are shown.
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Table 4,--Estimations of relative mineral percentages of
the hornblendite.

Slide No.'s . . . 16 39 aver. %
Minerals: Percentages:
Hornblende 65 43 547
Andesine-0lig. 30 55 L42%
Epidote and
paragonite 2 2 2%
Magnetite <1 <<1 <1%
Sphene 3 2%
Metagraywacke

Megascoplc.--The hand specimens reveal a fine grailned

and coarsely foliated rock. There are mafic bands, dark
gray to black, which measure nearly 3/4 of an inch in width
and consist mostly of biotite. The remainder of the rock

i1s 1l1ght tan to light gray in color and has a texture
looking much like a guartzilte. One sample dlsplays bands
which have been hlghly contorted. Also present are feldspar
"augens" whose dimensions range up to 8 x 12 mm. These

seem to be prevalent only in one zone of the hand specimens.
The groundmass seems to be fine quartz, either quartz grailns
or granulated quartz. Pyrite and chalcopyrite are observed
in minor amounts along fracture surfaces.

Microscoplc.--Thin sections show thls rock to be in

a highly altered state. The majority of the feldspars have
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been altered to paragonite and/or sericlte., The major

constltuents are quartz, plagloclase, orthoclase,

antiperthite, blotite, and paragonite and/or sericite. The

gquartz 1s found 1n mosaic bands, and the graln contacts are

hlghly sutured. The texture closely resembles that of a

quartzilte, No original grain boundarilies could be dis-

tinguished. In the banded samples, shear zones are composed

of blotite. These bands or zones are in some areas hilghly
contorted, Found with the bilotite are epldote, chlorite,
apatite, magnetite, and minor hematite. Calclte also is
present 1in minor amounts 1n the interstices between the
guartz and feldspar. The relative mineral percentages are
shown 1in Table 5.

Table 5.--Estimations of the relative mineral percentages
of the metagraywacke.

Slide No.'s . . . 15 17 18 aver. %
Minerals: Percentages:
Quartz 25 4o 35 33%
Feldspars 22 35 34 30%
Sericite and/or
paragonite 50 - 31 27%
Biotite 2 15 - 6%
Epidote and
calcite 1 9 - %
Others: 1%
Chlorite
Apatite
Magnetite
Hematite
Pyrite

Chalcopyrite




The corlzinal rock may have been a graywacke. However,
no rock fragments are 1dentified in the thin section study
of thils rock tyre. A statement concerning the original

ldentity of the rock is difficult because c¢f the altered

state in which the rock 1z founda.

Feldspathic Cuartzite

Megascoplc.--The rock 1z very fine zrained and reddizh-

pink on the fresh surface. The weathered surface 1s a pale
yellcwish-tan and is soft enough tc be scratched with a

knife. The weathering would indicate the presence of

feldspar(s). The majority of the weathered surface, however,
is not feldspar, but fine cuartz. On close inspection of

the fresh surface, the rock resembles a quartzlte. Occa-
sionally observed are "metaclasts'" of plagloclase whose
dimensions range up tc arproxlimately 1 x 1.5 mm. No beddling

features could be distinsuished.

Microscopic.--The thin s=ction shows the rock to be

composed mcstly of quartz grains ranging from cherty

appearing to 0.5 x 0.4 mm, the majority beilng less than 0.1 x

0.1 mm. Abou%t 20% ¢? the rcocck 15 ccmposed of albite and
microcline., The albite attalns the larsest dlmenslons seen

in thin section, namely 0.9 x 0.4 mm. The grain contacts

are all sutured, and the graln bcundaries are not rounded,

re

but irregular. The dlrrezularity 1s malnly due to recrystail-
llzation. The relatlive mineral percentazes are shown 1in

Table 6.



Table 6.--Estimations c¢f relative mineral percentages of
the feldscatnic guartzlte,

Slide Mo, . .14 Percentages:

Minerals:

Quartz 70%
Aloite 207
Microcline and

orthcclase 5%
Muscovite 5%

Others: (mircr)
Marnetits
Hematite

Pyrite

The orisin

Sy

1 rock could have Leen an arcillaceous

sandstone or a siltstone which underwent recrystallizaticn.

Magnetifercus "Ouartzite"

Merastoric.-=-These rocie zr= to dark gray in

cclor and are very fine srairned. ©In tne weathered surface

are found irrezulzr, elongated, grayvish-black areas which

are set in 3 darx tan btzcxsround., The dark areas appear to
represent areas where mi-snstite nzl ez soncentrated (a

pericll maznet 1is drawn strir ly T thess zreas).  The dark
tan areas aprarently are produced as 2 result of the
weathering cf tre iron,

appearance of wvaln ~usrioy Lils ol lu e the result of



recrystallization. A parzllelism ¢l tne dark constilituents
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tituents form band-

@]

can be distinguilshed. The da

like features which are less than 1 mm arar

ct
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grain sizes cf the quartz are
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exists. Much recrystallization nust have cccurred. The

quartz in some areas of'the slide apg
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crain contacts are highily

ears chert-1like. The

,——In tnin gecticn trhe roc«k 1s seen to

nd with a varylnz minor amount

magnetite seems to favor zcnes rarzllel to the direction of

elongation of the guartz srains. However, the magnetite
appears, both as irrecular blots, and as parallel bands

conslsting of elcnzated masses c¢f ma:
magnetite 1s euhedrzl. Felative milneral percentages are

shown in Table 7.

netite., Some of the

Table 7.--Estimations c¢f relative mineral percentages of
the marnetifercus "aguartzite."
Slide lz.'s . 5 37 47 aver.
inersals Fey_eitaes
Quartz L2 sid 990 I47
Maznetite g 1 1 0%
Hematite <1 <l <1 13




21

Because of the lack of original grain boundariles, the
rock 1s believed to have undergone much recrystalllzatilon.
Initilally the rock may have been a chert and was later
granulated and recrystallized to the present quartzite
appearance. The magnetite may have bteen introduced via
hydrothermal media. Or, the rock may have been a hlghly
siliceous iron formation, the quartz being recrystallized

chert and the magnetite being orilginally present.

Granite and Pegmatite

Megascoplc.--The granite 1is medium grained and pink

in color. Potash feldspar phenocrysts range in size to
nearly 2 x 4 mm. An occasional twinned plagloclase also can
be seen. Much quartz appears throughout the rock and
appears to be interstitial to the feldspar. Small booklets
of muscovite and tiotite also are present.

The pegmatilte 1s reddlsh-pink and 1s very coarse
grained; phenocrysts of feldspar are over 5 cm in length,
the majority being about 6 x 10 mm. Quartz occurs in
crystals whose dimensions are 10 x 13 mm, but most are of
the size 4 x 6 mm. Finely twinned plagioclase 1s very
abundant and 1s frequently cut by quartz or other plaglo-
clase crystals. Muscovite plates are cbserved and range
up to 2 mm in diameter and are usually enclosed withln a
feldspar phenocryst. Much limonite staining 1s seen on

most of the surfaces of the larger feldspar phenocrysts.
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Mlcroscordc,~--The granite in thin section 1s observed

to be composed of quartz, microcline, albite, and much
antiperthite., The crystal boundarles c¢f the guartz and
the feldspars are sutured. There aprezrs to be at least
two compositions of feldspar:; one 1s hilzhly altered to mica
and epldote, and the other, for the most part, 1s fresh
appearing. The latter 1s mostly microcline and antiperthirte.
There are many 1nstances where quartz has intergrown with
the feldspar and where feldsvar has grown into feldspar
(micropegmatitc texture). Also present are biotite,
chlorite, and hematite as minor constituents. Pleochrolc
halos are numerous 1n the biotite, possibly around zirccn.
The pegmatite in thin section is found to consist
mostly of antiperthite, plagioclase (albite to ollgoclase
in composition), quartz, and microcline, The qguartz in some
areas 1s 1n optical contlnuity and also 1s seen as inter-
growths 1nto feldspars. Azain, there has been much recrys-
tallization evidenced ty sutured contacts of the mlnerals
present. The antiperthites 1llustrate that there must have
been a varylng composition of the feldspars. Muscovite,
chlorite, and bictite are primarily found in areas cf shears
and adjacent to crystal edges. Epldote and hematite are
present in minor amounts. HMineral percentages are presented

in Table 8.
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Table 8,-~Estimations of relative mineral percentages of
granlte and pegmatite.

Slide No.'s , . . 192 19p 4o aver.%
Minerals: Percentages:
Quartz 30 25 15 23%
Albite-011iz=. 10 20 Lo 23%
Microcline 20 15 10 15%
Antiperthite 2 25 10 18%
Muscovite 10 10 2 147
Others: 9 4 2 5%
Calcite and
epldote y
Biotite 2
Chlorite il 4
Hematilte
Apatite

Granlte-diorite Contact Rocks

Megascopic.--The rock types found cccurring where

the granite intrudes the grneissic guartz diocrite range in
color from a light tan to a dark grayish-tan. The phenocryst
slzes are primarily 1 x 1 mm, however, some the feldspar
laths attailn a size of 2 x 3 mm. The rock varles from non-
follated to follated. The tan variety appears to be a fine
grained granite which has undergone alteration and possible
granulation. There 1s an abundance of {uvldeopar and quartz
and a development of fine mg$covite along shears whilch

appear infreqguently. The meafics are minor constituents.

One sample, no. 3, 1s noticeably fcliated, the aligned
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mineral being biotite. There also 1s a subparallelism of
the plagioclase laths. The major constituents 1n this
sample are feldspar, quartz, and blotite. Sample no. 46

1s thought to be more closely related to the gneilssic quartz
dlorite than to the granite, although there 1s not gross

orlentatlion of the mafics as seen in the diorite.

Microscopic.--The thin section observations support

the idea that sample no. U6 1s more closely related to the
dlorite than to the granite. Oligoclase-andesine, the major
constituent, 1s highly fractured and has been altered ex-
tenslvely to paragonite. The 1nterstices have been fllled
with quartz, calcite, and bilotite. Areas of calclite exceed
1l x 2 mm. The opague minerals are commonly assoclated with
blotite.

Sample no.'s three and eight represent rocks which
were apparently closer to the granite. The major constiltuent
i1s oligoclase. Agalin, the plagioclase laths are highly
fractured and recrystallized, possibly downgrading the
plagioclase. Quartz appears to have been a late addition.
Biotite and calcite seem to have been formed in zones of
weakness and are adjacent to the plagioclase laths.
Paragonite 1s another common alteration product as 1s epil-
dote. Sample no. 12 1s belleved to represent rocks located
very close to the granite-dlorite contact. The potassic
feldspars greatly exceed the plagloclase in abundance.

Quartz appears, in part, as intergrowths into the feldspars.
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Sample no. 12 has been sheared creating an alignment of the
muscovite. Also present 1s much antiperthite. The relative

percentages of the minerals 1dentified are shown in Table 9.

Table 9.--Estimations of relative mineral percentages of the
granite-diorite contact rocks.

Bl

Slide No.'s . . . 3 6 7 12 8w 46 aver. %
Minerals: Percentages:
Oligoclase-
andesine 40 37 30 20 35 4o 349
Biotite 10 13 20 - 1 5 8%
Quartz 38 10 20 25 28 10 22%
Epidote 8 15 5 - - - L
Calcite 2 20 20 - 10 25 13%
Sericite and/or
paragonite 2 3 4 10 25 15 10%

Microcline,
orthoclase,
and antlperthites L 4 8%

Others: 1%
Pyrite
Ilmenite
Luecoxene
Hematite
Magnetite
Apatite

The abundance of the quartz occurring in the contact
zone, as well as in the gneissic quartz diorite, 1s belleved
to have been added from the intruding granite. These
silicifying solutions would have, most llkely, been potassic-

sodic.



GEOPHYSICAL FIELD INVESTIGATIONS

Gravity Survey

A total of 215 gravity stations were occupled, in-
cluding those along two detailed profiles, with Worden
Gravimeters no. 99 and no. 262. Over most of the area,
stations were spaced at one mile Intervals. In areas where
detall was desired on the basis of known geology or where
steep gradilents occurred, the spacing was tightened to one-
half mile intervals. The locations of the stations were
determined by automobile odometer and with the aid of topo-
graphic and planimetric maps. The base station was cen-
trally located within the area of study, 500 feet north of
the south-west corner of section 14, T. 25 N., R. 4 E.
adjacent to a bench mark. The base was tied gravimetrically
to a station located on a bench mark at the railroad station
in Babcock, Wisconsin. The station in Babcock was es-
tablished by the United States Steel Corporation through a
tie to an absolute gravity station in Winona, Wisconsin.

Elevations of road intersections are given on U.S.G.S.
topograpnic quandrangles for two-thirds of the area. Plani-
metric maps are available for the remainder of the area.

The elevations of stations along detailed profiles were ob-

tained by leveling and tying to a point of known elevation.

26



27

The elevations of statlons located between road inter-
sectlions or 1n the area of planimetric map coverage were
determined through the use of barometric altimeters. Two
altimeters were used: a Wallace and Tlernan instrument and
a Surveylng Micro-~altimeter made by American Paulln Systems.
The Amerlcan Paulin Systems' instrument and Milcro-surveying
Barograph, Model MB5, were used for the majJority of these
elevations. The Mlcro-survey Barograph was centrally
located in the area. This instrument continuously records
the change of barcmetric pressure. The change of pressure
effects the readings of the altimeter producing error in
the measured elevations. The barograph allowed the appli-
cation of a barometrilic correction to the altimeter readings
increasing the accuracy of elevations. The Wallace and
Tiernan altimeter was used without the ald of a contilnuous
recording barograph. To decrease error, barometrlic pressure
changes were determined by periodlc occupation of statilons
of known elevations at intervals not exceedlng 20 minutes.
Thilis procedure resulted 1n correction curves such as shown
in Flgure 3. The curves reflect the barometrlic pressure
changes as a function of time. The correction for each
statlon was taken from thls type of curve.

The stations were determined from topographic and
planimetric maps and, also, from mlileage obtained from
automoblle odometers. The stations were then located on

maps scaled at 1:24,000. An east-west line was extended
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through the gravlity base and was established as the latltude
datum. Measurements of each station'svarlation from the

datum were taken from these maps.

Magnetic Survey

The magnetlc observations were made with Askanla
Torison-type magnetometers which measure varlations 1n the
vertical component of the magnetic field. A total of 277
statlons were occupled including those of detalled profilles.
The statlons were spaced at one mile and one-half mille
Intervals except where highly anomalous observations neces-
sitated closer intervals to deflne the areal extent of the
anomalies. The base for the magnetic survey was not co-
inclident with the gravity base because of the presence of
metalllc fencing. The magnetlic base was located approxi-
mately 600 feet west of the southeast corner of section 15,
T. 25 N., R. 4 E.

The magnetic stations were located in the same manner

as the gravity stations.



REDUCTION OF DATA

Gravity

Many corrections must be applled to the observed

readlngs before the data can be consldered meaningful.
Gravimeter drift i1s the first correction which was appliled
to the readings; this drift 1s the change of meter readings
for a statlion as a functlon of time. Thls factor 1lncor-
porates the effects of varlation in the elastic components
of the gravimeter as well as environmental and tidal effects.
Drift correctlons were obtalned by perlodically reoccupylng
the gravity base. The difference 1n meter readings between
two successlve base checks was distributed as a function of
time among the statlons observed between the base checks.

The readings 1n scale divisions were multiplied by
the constant of the meter. Thls converted the readings into
mlilligals., The resulting values 1In millligals, because of
thelr relativility to the base, can be properly termed rela-
tive observed gravity.

A latitudinal varlatlon of the acceleration of gravity
between the equator and the poles exists because of the
polar flattening of the earth and the centrifugal force due
to the earth's rotation. A latitude correction of 1.307
mgals/mile was applied according to each statlon's varia-
tion 1n the north-south direction from the datum. All the

30
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statlons were related to the arbiltrary east-west datum ex-
tending through the base.

The free-alr correction also was applled. The free-
alr correction takes into account the vertlcal gradient of
gravity and corrects for varying station elevatlions with
respect to the horizontal datum. Sea level was used as
the datum 1n thils survey.

Conslderation also must be made for the mass between
a station and the horizontal datum, namely sea level. For
the purpose of calculations,the earth's surface was assumed
to approximate an 1Infinite horizontal slab. A density of
2.67 gm/cc was selected for the rock material of the infinite
horizontal slab. The density of 2.67 gm/cc 1s the commonest
value assumed for the mass or Bouguer correction 1n gravity
surveys 1n Precambrlan terranes.

A terraln correction takes 1into account the gravi-
tational effect due to variatlons from the infinite hori-
zontal slab which 1is assumed in the Bouguer correction. In
the area of study the topography 1s very gentle, hence,
the terrain correction was not applied to any station
occupied in this survey.

The Bouguer gravity anomaly 1s employed to study the
geologlcal effects causing the gravitational varilations.
Thls anomaly 1s defined as the difference between the
observed gravity and the calculated theoretical gravity

based on the preceding correctlions. Utilizing the
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International Gravity Formula and applylng the elevation

and mass corrections, a theoretical gravity value was
obtained for the base. The base's Bouguer gravity anomaly
value was found to be -63.5 mgals. Because the gravity
values of all the statlons were related to the base, a
simple constant was applied to the relative observed gravity
to obtaln an absolute observed gravity value. The Bouger

Gravity Anomaly Map 1s shown in Figure 4.

Magnetilcs

The reductlon of the magnetic data was much simpler
than the reduction of the gravity data. Time varlations
or drift also 1s a factor in magnetics and 1is caused by
the diurnal varlation of the earth's magnetic fleld. The
magnetlic drift was removed from the meter readilngs by the
same method employed in the gravity reductions. The
magnetometer readings in scale divislons then were multiplied
by the constant of the meter. Thls converted the scale
divisions to observed magnetic values in gammas. The value
for the magnetic base was arbitrarlly glven the value in
gammas of that obtalned 1n the flrst observation at the
base,

The size of the area of study 1s sufficlently small
so that a correctlon was unnecessary for the regional change

in the earth's magnetic fleld. The varlation of the earth's
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magnetic field was found to of the order of three to five
gammas from the northern to the southern extremities of
the area.

The Relative Vertical Magnetic Intensity Map 1s shown

in Filgure 5.
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ACCURACY OF GEOPHYSICAL SURVEYS

Gravity

The accuracy of the gravity data 1s dependent upon
the accuracy of the gravimeters, the meter readings, the
drift correctlons, the denslity assumed for the mass
correction, station location, and the elevation of each
station. The accuracy of the statlon elevation 1s the most
slignificant factor in producing error. Collectilvely con-
sldered, the other factors normally do not exceed 0.20 mgals.
A five foot error 1n elevation would create an error of
0.30 mgals. The elevations of this survey are belleved to
be within five feet of the true elevations. Therefore, the
relative error of the gravity survey is thought to be

approximately 0.50 mgals and deflnitely less than 1.0 mgal.

Magnetics

The causes of posslble error 1n the magnetlc values
are the accuracy of the magnetometers, the accuracy of the
meter readings, the effects of non-lithologic magnetic
materials, and the accuracy of the drift corrections. The
first two factors are believed to be minimal. Areas observed
or suspected of having non-lilthologic magnetic materials

present were avolded; therefore, the error from this factor

36
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als o 1s thought to be minimal. The change in the rate of
arl ft in magnetics can be sporadic and sometlimes can go
undetected even with frequent base checks. This is arbil-
trarily assigned a value of 25 gammas at a maximum. The
maximum total error of the magnetic survey 1s believed to

not exceed 50 gammas.



ISOLATION OF ANOMALIES

Gravitx

The primary purpose of thils survey 1s the mapping of
the rock types close to and/or at the surface. The varying
rock types should be reflected 1n rather abrupt changes 1n
the acceleration of gravity as compared to the gradual
changes of large magnltude resultling from deep seated
crustal phenomena. The latter 1s termed the regional anomaly.
To 1solate the gravity effects of the surface rocks, the
regional anomaly must be removed. The deviatlon of the
Bouguer gravity anomaly from the regional anomaly 1s termed
the residual gravity anomaly.

The residual gravity anomaly values for each statilon
were determined by the cross-proflling method. The area
was gridded by north-south and east-west profiles. Each of
these proflles was separated by approximately one mile. The
Bouguer gravity anomaly values were plotted for each of the
profiles. A regional anomaly was then '"smoothed-in" and
adjusted so that the regional was the same at the inter-
section points for the east-west and north-south profiles.
The Residual Gravity Map is shown in Figure 6. The
reglional anomaly which was determined by the cross-profiling
method 1s shown in Figure 7. The residual map was utilized

in the analysis of the anomalcus features.

38
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Magnetlcs

Examination of the Relatlve Vertlcal Magnetic Inten-
sity Map revealed that the anomalous features have a common
background of apprroximately 3500 gammas. No regzglcnal
magnetic anomaly 1s apparent on the map, therefore, a

residual map was not constructed.



FESULTS CF THE GEOPHEYSICAL INVESTIGATIONS

The Zouzuer Gravity Ancmaliy Map shos

deplcts a strons seneral positive wihich trends north-
northeasterly from the scutawestern corner of the map to
the north-central portion cf the map. This trend is
flanked on either side by =zravityv lows. The anomalies

present are distorted by this recional trend. The re
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anomaly shown 1in Fisure 7 correlates with the regional

cradlent determined by Mack (1957) in & study of the region=zl

1

cravity anomalies of “isconsin.
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The residual anomazalies which remained are shown on the
map in Ficure 6. The maznitude of the major positive

residual anomalies are primarily in th
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+5.0 mzz2ls. There is @ notlceable trend of the strike of
the anomalles, elither westerly or northwesterly. The
largest magnitude anomalies are approximately one by filve
and two by five miles in extent. The cther pcsitive
anomalies are more limited in extent. The gravity highs are

separated by gravity minima, mostly of the masnitude of

-2.5 mgals, but cne major nezative anomaly attalns -4.5 mgals.

¢

lfany of the necztive anomzlies are incompletely defined

because they lie near cr at the edre of

O
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Magnetic Survey

The Relatlve Vertical Magnetlc Intenslty Map shown in
Figure 5 discloses a common magnetilc background level of
about 3500 gammas. If the 3500 gammas 1s accepted as the
background level, the anomalles can be differentiated 1nto
relative highs and lows. As with the residual gravity
anomalies, the trend of the strike of mcst of the magnetic
highs and lows 1s westerly or northwesterly. The magnetic
positives are commonly 300 gammas above background, but
locally some anomalles attaln hisher maznitudes, up to
5500 gammas above the background. Very local posiltive
features exceed a relative +600 to +1400 gammas. Re-
latlve magnetlc lows are found between the posltive anomalles.
These lows are commonly only 100 gammas below the background,
but in a limited area are as great as a -400 gammas. The
magnetic anomaliles generally correlate with the residual

gravity anomalles.



INTERPRETATION OF THE RESULTS OF TEHE
INVESTIGATIONS

The purpose of the gravity and macnetic survey 1s to
ald in mapplng the Precambrian geologcy. This requires that
the geology be interpreted from the gecphysical anomalles by
emplrical and/or analytical methods, EHowever, the inter-
pretatlons of the anomelles, gravity and magnetlc, are not
unique for this survey because of the limlted geologilec
control for the area of study. Geologic control is necessary
because various combinatlons of parameters for hypothetilcal
geologlc bodles can result 1n the same or very simillar
anomallies,

There are five maln variables of geologlc bodiles which
affect gravity anomalies: wvolume, density contrast, depth,
shape, and isolation (Romberg, 1958). The magnitude of an
anomaly varies directly with the product of the volume and
the density contrast. Sharpness 1s a function of depth of
the disturbing body and decreases with depth one power faster
than the magnitude. If more than one anomalous body is
present, the dilsturbing bodies must be sufficlently 1solated
to produce distinct anomalies. The shape of the body 1s
critical 1n that a larsge magnitude anomaly will not be
produced unless the body 1s concentrated, even though, the

by
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depth 1s shallow and the volume is zsreat. These varlables
must be consldered 1n order to present a reasonable inter-
pretation. Other than denslty contrast, all the factors
mentioned above, plus magnetlc susceptibllity, affect the
vertlcal magnetic Intensity anomalies.

The pauclty of geocloglc contrcl in the area of study
makes possible many 1interpretations from the gravity and
magnetic maps. But, throuch careful analysis cf the
geophysical data, coupled with the availatle geologlical in-
formation, the various possible interpretations should be
reduced to yleld a reasonable solutlon to the geology.

Even though the gravity and magnetic anomaly positions
correlate quite well, the gravity data will be more heavily
welghted in the geologlical interpretation. The magnetlc
data generally are more difficult to interpret than the
gravity data. The magnetic data are compllicated by the
dipoclar effect, by the possibllity of effects of natural
remanent magnetization, and by the varlance of the magnetite
content within a single rock type. Grant and West (1965)
state, ". . . magnetlic properties of rocks are subjected

to sudden and violent fluctuations over short distances
magnetlc properties depend, 1n the main, upon trace rather

than on bulk constiltuents.,"

Physlical Properties of the Rock Tvpes

The physical proverties of interest are denslty and

magnetic susceptibility. The density for each rock type

N
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was determlned 1n the laboratory by the volume dlsplacement
method. The densltles of the samples of each rock type were
averaged and are shown 1n Table 10, The magnetilc suscep-
tibillites of the rock types also were measured 1n the labora-
tory using a magnetlic susceptlbillity bridge. The measured
values also are shown 1n Table 10. Even though there would
be more varlance in the magnetic susceptibility of a rock
type than in the density, tﬁe susceptibilities measured can
be utillzed to predict the general order of magnitude of a
magnetlc anomaly which may be expected from a partlcular

rock type assuming a constant source.

Table 10.~-Mean rock type densitles and magnetic

susceptibilities.
No. of Density No. of Mag;6Suscept.

Rock Type: Samples: g/cc: Samples: X10 C.g.5.:
Greenstone 5 3.10 Y 135 to 3965%
Hornblendite 2 3.01 1 84
Magnetiferous
“quartzite" 5 2.79 2 104 to 6055%*
Gnelssic quartz
diorite 9 2.77 3 56
Metagraywacke 3 2.71 2 78
Granite-dlorite
contact rocks 8 2.69 1 Ly
Feldspathic
quartzite 2 2.64 1 11
Granite and
pegmatite 2 2.64 1 9

*  VYWhere such a range exlsts, an averaged magnetic suscep-
tilbility would be meaningless.
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From examination of Table 10 generalizatlons can be
made concerning gravity and magnetic anomalies which may be
expected from the various rock types. Gravity anomalles of
the greatest magnitude would be expected from the greenstone:;
the magnetlic susceptiblllity suggests that moderate to high
magnetic anomalies would be expected. The hornblendite heas
a density whlch would be expected to result in gravity
ancmalles of second order and posslbly accompanying low to
moderate magnetic anomallies. The magnetiferous '"quartzite'
would possibly be represented by intermedlate gravity
anomalles and moderate to very high, first order, magnetic
anomalles., The gnelssic quartz diorite also would be ex-
pected to produce Intermediate gravity anomallies and rela-
tlvely low magnetlc anomalles. The metagraywacke would be
expected to yleld low to 1intermedlate gravity anomalles
assoclated wilth low to moderate magnetic anomalies. The
granite-diorite contact rocks would be expected to be
assoclated with gravity lows and low value magnetic
anomalies. The granite, pezmatilte, and feldspathic guartzite,
geophysically speaking, could not be distingulshed; all
would be expected to be assoclated wlth gravity and magnetic

minima anomaliles,

Regional Geologlc Setting

Geologlcal fleld studiles indlcate that granite occurs

throughout the region surrounding the area cof 1nvestization
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and strongly suggest granite 1s or underlying the Precambrilan
basement rocks. A core of granlte and pegmatite was ob-
tained from a water well in the east 1/4 sec. 10, T. 25 N.,
R. 3 E. DNear the center of sec. 19, 7. 25 N., R. 5 E., a
profusion of vitreous, whlte gquartz frazments were found,
some nearly two feet 1in dlameter; these were not in outcrop
and would be classed as '"rubble outcrep." Aplite diklets
were found 1in a veryv zood exposure in the northeast corner
of sec, 8, T. 25 M., R. 5 E.; the host rock is the gneissic
quartz diorite. In the north 1/4 sec, 13, T. 24 N., R. 3 E.
decomposed granite was observed as 'rubble outcrop.'" A
weathered, sheared granite was found in the east 1/4 sec. 5,
T. 25 N., R. 4 E. and also in the northeast corner of sec. 6,
T. 25 N., R. 4 E. 1In the southeast corner of sec. 31,
T. 26 N., R. 4 E., large angular boulders of granitic
pegmatlite were found scattered abundantly on a hillslde.

The rezilonal gravity anomaly removed by the cross-
profiling method does not contradict tne Interpretation
that granite underlies the area. The regional anomaly shown
in Figure 7 1s an arched-shaped gravity nisn trending nortni-
northeasterly. The reglonal can be explalned as a thinning
of the granite and a thickening of the denser layer below.
This denser layer 1s commonly glven a density of 2.84 gm/cc.

Mack's (1957) recional gravity anomaly in this area is

Interpreted by him to have a similar orisin,
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Interpretatlion of Residual Gravity and
[fagnetic Anomalies

Analytical Interprretation

A quantitative evaluation is desirable for the inter-
pretation of the gravity data to establish a geologilc cross
section. If the geology of the cross sectlion 1s related tec
the residual egravity, the relatlonshlcs can be utllilzed tc
extrapolate the geologzy from areas ¢f zeologic control.

The profile selected for quantitative evaluation had
to meet the following conditions: geocloglc control must be
avallable; the gravity and magnetlc coveraze must clearly
define the anomalles present; and, the section must be
perpendicular to the strike of the anomalies. The section
selected (section A-B 1in Figure 9) extends north from the
southeast corner of sec., 27, T. 25 N., R. 4 E., through the
west portlons of sections 11 and 2 and midway into sec. 35,
T. 26 N., R. 4 E.

The causatlve geclogic bodles can be assumed to be
two~dimensional for the purposes of calculation of gravity
because of the lilnear nature of the majority of the anomalles.
A two-dlmensional gravity method outlined by Talwanl, Worzel,
and Landisman (1959) was used 1in these computations uti-
lizing the CDC. 3600 computer.

In these calculations the observation surface 1s
assumed to be a horizontal plane and the upper boundary of

the Precambrian bedrock. Neither of the assumptlons 1is
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correct, but the error imposed upon the results 1s negligible
consldering the magnitude of the anomalles and the inherent
amblgulty of the results.

Geologlc contacts were selected by examination of the
residual gravity and magnetic profilles. The geologilic bodies
were first approximated by rectangular forms. The denslty
contrasts were held constant through the course of calcu-
lations. Ultimately a close fit was obtalned between the
calculated gravity and the residual gravity profile by varying
the parameters of volume, depth, and shape of the geologic
bodles. The resulting geologic bodies and accompanying pro-
files are shown in Figure 8.

The rock types assoclated with the anomalies shown 1in
Filgure 8 are as anticlipated from the anomalies. The first
order magnitude gravity anomalles are attributed to green-
stone and are associated wlth a high magnitude magnetic
anomaly. Referring to Figure 8, the surface dimension of
the greenstone is 2800 feet in width and has a vertical
extent of 2500 feet. The second order magnitude gravity
anomalles are attributed to a hornblendite which has a wedge-
shape. At the surface the exposed width 1s only 1000 feet,
and the depth of the lower boundary varies from 2800 to
1000 feet. The gnelssic quartz diorlite lles below the
slopes of the higher order magnltude gravlty anocmalles and
is assoclated with an intermediate magnitude gravity anomaly.

The lower extent of the gneilsslc guartz diorite varies from
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3300 to 1000 feet below the surface. The entire cross
section 1s underlaln by granilte, Gravity mlnima occur where
the granite 1s closest to the surface. A sharp boundary is
drawn between the granlte and the other rock types, but 1in
actuallty the boundary probably would be gradational.

The magnetlc proflle provides limited information.
However, the greenstone 1s clearly revealed by a relative
positlive magnetic anomaly of approxlimately 5300 gammas. The
magnetic hilgh located over the gravity minimum 1s not related
to any feature shown 1in Figure 8 but is an end effect of a
magnetlc high to the west which 1s shown in Figure 5. A
magnetic low 1ls shown over the hornblendite; the low also 1s
an end effect of a magnetlic low lylng to the east.

All the rock types found in the area of study are not
represented 1in the proposed geologic bodles in Figure 8. Also,
the "rubble outcrop" evidence of granite-diorite contact
rocks 1s not shown in Figure 8. These rocks could represent
an apophysls of the granite below. The geophyslical data do
not 1ndicate its presence and, therefore, the apophysis 1s
not included among the proposed geologlc bodies. Hornblendite
1s not found i1n outcrop along sectlion A-B, but hornblendite
is found to the south and 1s associated wlth a second order
magnlitude gravity anomaly. Hence, hornblendite 1s proposed
to be the causative body of the positive gravity anomaly at

the southern end of the sectlon.
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There 1s a significant difference between the calculated
gravity and the residual gravity at the southern end of the
section. Thils was unavolidable because the hornblendite
situated two miles south of the profile was not accounted for
in the calculations. The gravity effects of the southern
hornblendite cause the residual gravity values at the southern
end of the profile to be higher than the calculated values.

The calculated gravity profile i1illustrates that the
proposed geologic bodies can produce gravity anomalles whilch
very closely approximate the reslidual gravity anomalles.

The proposed geologic bodies are believed to represent a

reasonable interpretation of the geophysical data.

Empirical methods

Having proposed a reasonable geologic interpretation
for the geophysical anomalies shown in Figure 8, the geology
1s extrapolated from and interpolated between areas having
geologic control. The Residual Gravity Map shown in Figure 6
and the magnetic map shown 1n Figure 5 were carefully
examined as was the Outcrop Location Map shown in Figure 2.

A geologlc map was drawn using the Outcrop Location Map

for geologic control and utilizing the profiles over proposed
geologlc bodies as an interpretational guide. The Interpre-
tative Geologic Map 1s shown in Figure 9.

Reference is made to the residual gravity and magnetic
maps, Figures 6 and 5, respectively, in the following

discussion. The greenstone is mapped in areas of filrst order
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positive gravity anomalles and very strong magnetic anomaliles;
these areas also contaln numerous outcrops and '"rubble
outcrops" of greenstone.

Hornblendlite 1s consldered to be a more highly meta-
morphosed equlvalent of greenstone. Therefcore, the magne-
tite content should vary as 1t does 1n the greenstone. For
thls reason the hornblendite 1s mapped in areas of magnetite
anomalles of varylng magnitude and areas having second order
poslitlve gravity anomalles.

An outcrop of the magnetiferous "quartzite" 1is colnci-
dent with the maximum magnetic value recorded in the survey.
The outcrop 1s situated in the northeast corner of sec. 19,
T. 25 N., R. 5 E. The outcrop 1s positioned along the
southern flank of the positive gravity anomaly resulting
from the gravity effect of the greenstone to the north. The
geophysical data and geological evidence indicate the
Nquartzite" 1s of limited extent.

The gneissic quartz diorite is mapped in areas on the
flanks of the first and second order pcsitive gravity
anomalles and where the magnetics are of low magnitude and
where 1ndlcated by geologic evidence.

The metagraywacke, because of its physical properties,
1s expected to be expressed geophysically similarly to the
gnelsslic quartz diorilte. The metagraywacke is mapped where
low to moderate magnitude gravity and low magznitude magnetic

anomalies occur and on the basis of ocutcrops. The low
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magnitude positlve gravity anomaly trending northwesterly
from the outcrop evidence in sec. 3, T. 24 N., R, 4 E., 1is
arbltrarily defined as the westward manifestatlion of the

- graywacke.

The granite«diorite contact rocks are mapped only in
the immediate area surrounding the gravity minimum 1in
sec; 24, T, 25 N., R. 4 E. Contact rocks also must be
present in zones where the granite is 1in contact wlth other
rock types. The area around the gravity minimum, mentloned
above, 1s the only area where the granite-diorite contact
rocks were found in outcrop. A possible explanation for the
lack of extensive contact rocks 1n other areas 1s that the
granite formed vertical contacts with the country rocks. In
the zone where the granite-diorite contact rocks are present,
the contact may be gently inclined resulting in a thin cap
of the gneilssic quartz diorite over the granite. This would
produce an extensive exposure of the contact rocks.

The feldspathic quartzite has nearly identical density
and magnetic susceptibility as the granite. There 1s geologic
evidence for the granite and the feldspathic quartzite at
the southern edge of the area of study. Here, the gravity
and magnetlic anomalies are of very low magnitude, and there
1s nothing to indicate the location of the contact between
the two rock types. The contact 1s mapped midway between
the exposures of each rock type. Granite is, elsewhere,

mapped where gravity minima and magnetlic low occur.
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A feature of the magnetic map not included 1n the
previous discussions 1s the magnetic high of very limlted
extent found in the northwest corner of sec. 31, T. 25 N.,
R. 5 E. This high is speculated to be caused by 1local
mineralization of a fracture or small fault 1n the gneilssic
quartz diorite.

Identification of the relative ages of the rock types
1s not possible on the basis of fleld evidence. No rock
contacts were found as a result of the field observations.
However, from examlnatlion of the literature of the older
shrveys (Weidman, 1907, and Eidemiller, 1918), some of the
age relationships may be inferred. The gneissic quartz
dlorite and greenstone apparently are the rock types shown
in the stratigraphic cclumn 1in Table 1 which belong to the
Basal Group. The Basal Group rocks are of Laurentian and
Keewatin age. The magnetiferous "quartzite" also may be of
the ‘Basal Group. The "quartzite," which possibly may be
recrystallized iron formatlion, may be associated with the
greenstone as the Soudan iron formation is associated with
the Ely greenstone in Minnesota. Or, the '"quartzite'" may
be recrystallized chert and of the Lower Sedimentary Series
of the stratigraphic column. The nature of the "grains"
of the quartz in thin sectlon 1s very similar to the
description given by Weidman (1907) for the Powers Bluff
quartzite. The magnetite may have been introduced by

hydrothermal solutlons. The latter explanation is preferred.
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The feldspathic quartzite and the matagraywacke are
tenuously correlated with the Lower Sedimentary Series.

The granite 1s thought to be the youngest crystalline
rock type in the area. The granite 1s probarly a portion
of the wilidely spread granite, nepheline syenite series
shown in Table 1. According to Weidman, the granite consti-
tutes one-half to two-thirds of the surface rock in the
north-central Wisconsin region.

The hornblendite 1s considered to be the result of
thermal metamorphism of the greenstone. The granite could
have possibly been the main source of heat. Therefore, the
hornblendite may have metamorphically developed during the
emplacement of the granite.

One can only speculate on the interpretation of the
structural geology. If the relative ages of the rocks
presented are correct, the gneissic guartz diroite and
greenstone may represent the remains of anticlinal features
and where the metasediments occur, synclinal features.
Contacts between rock types derived from the study may, in
large part, represent fault contacts. However, it 1is
difficult, if not impossible, to distingulsh the type of
contact on the basis of geophysical results.

The geophysical maps of the area of study, no doubt,
can be interpreted differently from the interpretation
presented. The 1interpretation of some areas, namely the

central, west central, and the southwest central, is almost
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solely based on the gravity and magnetic data. Neverthe-
less, the interpretational reasoning for these areas, as
well as the entire area of study, 1s belleved to be valid.

The gravity and magnetic survey resulted in the
definition of the general limlits of the rock types, the
regional geolcgic picture, and approximations of the lower
limits for some of the rock types.

Not only did the gravity and magnetic survey prove
of value 1in mapping Precambrian bedrock 1n an area of
limited geologlic control, but also provided information
which would not be possible from geologlc fleld mapping

techniques.



CONCLUSIONS

A gravity and magnetlc survey integrated with a
geologlcal investlzation, and utllizing the measured physical
properties of the rock types, proved the importance of a
gravity and magnetic survey 1n mapping geclogy in a
Precambrian terrane of limited geologlc control.

The resulting geologic map shows the areal distri-
bution of rock types and increases the knowledge of the
Precambrian geology of this area. Metamorphosed 1gneous
and sedimentary rocks are found assoclated with, and sur-
rounded by, granite which 1n prart may be 1ntrusive into these
rocks.

Calculations performed on the gravity anomalies

suggest that the lower limit of the metamorphosed rocks 1s

at approximately 3300 feet below the surface.
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