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INTRODUCTION

In 1949, on a Tri-State field trip, the writer
first visited Glover's Bluff, which is an area of
local structural displacement believed to be of
cryptovolecanic origin. During the winter and spring
of 1955-56 the writer undertook to geophysically study
the area to ascertain the possible validity of a
cryptovolcanic origin for the structure.

It was found that the regional gravity gradient
in Western Adams County is so marked (approximately 10
milligals per mile) that in order to determine if
there was any gravity relationship to the Glover's
Bluff structure it would first be necessary to make a
regional investigation of the area. The area finally
considered in the thesis study includes much of South
Central Wisconsin.

No published geophysical data are available for
the area, but there are data for the vicinity of Fond
du Lac, with which the writer assisted in part. These
consist of electrical resistivity measurements by the
U.5.G.8. and gravity and magnetic measurements carried
out by the Geophysics section of the Department of
Geology at the University of Wisconsin as part of a

groundwater investigation in the Fond du Lac area.



Because of the almost complete l;ck of outcrops, no
regional Pre-Cambrian geology has been done in the
area outside of the Fond du Lac area.

The scope of the present study can be summarized
as follows:

1. The establishment of a regional gravity
bouguer anomaly map with several magnetic traverses,

2. An analysis of the geophysical and geolo-~
gical evidence at Glover's Bluff from the standpoint
of a cryptovolcanic origin,

3. A re-examination of data from four other
cryptovolcanic structures in the Central United States
to establish degrees of postulated similarity with
Glover's Bluff.

Le An interpretation of the regional geophysical
data in terms of its probable over-all general geologic
significance.

Area of Study

The area of regional study covers most of South-
central Wisconsin. The limits of the survey covering
approximately 2000 square miles in eight counties are
outlined on the Geologic Map of Wisconsin., Over 200
miles of linear magnetic profiles cross the gravity
survey. An intensive gravity and magnetic survey at

Glover's Bluff covers 25 square miles.
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Field Program
Regional:

A total of six hundred and sixty gravity stations
and one hundred and thirty magnetic stations were used
in this study. All the field work was done during the
winter of 1955-56 and the spring of 1956 with the
exception of the stations in the Fond du Lac area.

Work in the Fond du Lac area was done during the

summer of 1954. Station locations are shown on Map 1
and principal facts, as determined in the Numerical
Analysis Laboratory of the University of Wisconsin, are
attached as Appendix A,

Local:

At Glover's Bluff eighty-eight magnetiec and fifty-
seven gravity stations were established in an area of
approximately 25 square miles, Accuracy of the survey
was increased in the area relative to the regional work
because detailed resolution is required to determine
the basement topography effects. This was obtained
with the gravity in the following manner:

a. A large scale (1/20,000) map of the area was
produced from aerial photographs. Thus the accuracy
of theoretical gravity was increased.

b. Frequent base station reoccupations increased
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observed gravity accuracy.

C. Barometric elevation surveys were repeated and
leap-frogged at night under good atmospheric conditions
for good elevation control.

d. Special attempts were made to position the
gravimeter observation position to limit the nearby
terrain effect,

Accuracy of the magnetic survey was increased in
the following manner:

a. Frequent base station reoccupations increased
observed magnetic accuracy.

b. Sensitivity of the magnetometers was increased
to 22 gammas per scale division and frequently checked
in the field.

c. Latitude adjustments were made in the field
to eliminate use of magnets,

Previous Work

Geology:

Geological work in the area of investigation has
been limited. Weidmanzlmade a4 petrographic description
of Pre-Cambrian outcrops in the Red Granite, Berlin
and Utley areas. Weidmanzzalse described the general
geology in Wood, Portage, and Juneau counties. Alden!

worked the general geology in Southern Adams, Marquette,




Green Lake, and Fond du Lac counties, Thwaites and

18

Ekern™ detailed the geology of the Glover's Bluff

area. Ostranderlzdescribed the Hamilton Mounds
quartzite outcrop in Northern Adams County. Berg2
has described Cambrian sections at Coolney Hill,
Friendship Mound and Horseshoe Bluff in Adams County.
Leith? made some recent Pre-Cambrian correlations
with the Lake Superior section, Thwaiteslghas
collected valuable well data throughout the area,
Geophysics:

Previous geophysical work in this portion of the
state is almost non-existent. The Coast and Geodetic
Survey5 occupied magnetic stations at Fond du Lac,
Green Lake, Montello, Wautoma, and Friendship. Pen=-

dulum stations were occupied at Wisconsin Rapids and

Oshkosh by the Coast and Geodetic Survey.6 This work

is of a geodetic nature and has no bearing on a regional

survey. Sumnerlécenducted a geophysical study of the

Waterleo district to the southeast of the area., The

U.5.G.S. Groundwater Branch and the Geophysics Section,

Department of Geology, University of Wisconsin have
made electric resistivity, gravity and magnetic

measurements in the Fond du Lac area.




GENERAL GEOGRAPHY OF THE AREA
The general geography provinces according to

10 of the area studied are the Central Plain

Martin
in the west and Eastern Ridge and Lowland in the
east,

The western portion typifies the driftless
area, the central portion the glacial feagures,and
the eastern portion glacial features and éiﬁﬁ?iéﬁQ
sediments. The driftless area covers most of Juneau
anmd Adams counties, forming vast flood plains of the
Wisconsin River with occasional Cambrian sandstone
mounds. The Johnstown Terminal Moraine cuts roughly
NNE, approximately along the eastern boundary of Adamms
County. The terminal and ground moraines of the
Wisconsin glaciation forms the major topography
immediately to the east of the driftless area. The
eastern portion of the surveyed area is crossed by twe
carbonate escarpments., The Lower Magnesium Escarpment
trends northeast in the Ripon region and the Niagarian
Escarpment trends north-northeast in the Lake Winnebago

area. The intervening area consists of gently

undulating glacial topography,
The relief in the area varies from approximately
750 feet at Fond du Lac to slightly over 1200 feet above

sea level in Waushara County, while in the Wisconsin




River Valley it is generally between 900-1000 feet
above sea level.

The drainage in the area is in three principal
patterns., The driftless area in the west drains
directly into the Wisconsin River. The Fox River
System drains the entire central and eastern areas
east of the driftless area inte Lake Winnebago. The
Rock River drains the southern portion of Fond du

Lac County, y




GENERAL GEOLOGY OF THE AREA

The area under investigation includes the eastern

flank of the Wisconsin Arch, which, just to the north
of the area, plunges beneath the onlapping,flat-lying
Paleozoic formations. The Pleistocene glacial material,

both moraine and outwash, forms a thin veneer over |

the entire area.

Geolegic Column

Pleistocene
Silurian
Niagara
Neda
Ordovician
Richmond
Decorah
Platteville
St. Peter
Oneota
Cambrian
Jordan
Trempealeau
Magomanie
Franconia
Dresbach
Eau Claire
Mt. Simon
Pre-Cambrian
Algonkian
Keweenawan
Upper Huronian
Middle Huronian
Lower Huronian
Archean
Laurentian
Keewatin

Pre-Cambrian Geolcgz

Exposures of Pre-Cambrian rocks are limited in the




area of study. The outcrops have been described in the
literature and will be summarized briefly.

The southern areas of Wood and Portage counties
have Pre-Cambrian outcrops along the Yellow and Wisconsin
rivers, just to the north of the surveyed area. Weidman22
considers the area in the vicinity of Pittsville and
Nekoosa as the Basal Group of the Pre-Cambrian section.
This group of foliated gneiss and intrusive schist
exhibits extreme metamorphism and similar character
to the rock floor in the Lake Superior area to the
north. The various rocks of the Basal Group in order
of relative age are (1) gneiss, (2) greenstone schist,
(3) quartz-syenite schist, (4) biotite gneiss. This
belt of gneiss and schist forms an east-west anti-
cline. This anticline is bounded on the north by an
intrusive granite and greenstone of a younger age and
on the south by the over-lying Cambrian sandstone.

The gneiss and schist of the basal group are cut
by numerous dikes and boss-like masses of acidic and
basic rocks such as (1) rhyolite, (2) diabase, (3)
fine-grained diorite, (4) granite, in the order of
their intrusion. These also intrude the younger,
lower sedimentary series to the north.

Leith? has assumed the age of the basal group
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to be Archean, the lower sedimentary series to the nerth
to be Lower Huronian, and the intrusives to be Middle
Huronian. This correlation is, of course, questionable,

At Necedah,‘a massive quartzite mound rises above
the glacial alluvium to a level of 1080 feet. Drill
holesl9in the immediate vicinity show the Pre-Cambrian
granite and dierite surface lies at about 700 feet.

The general slope of the Pre-Cambrian surface is 11l
feet a mile rising to the north and 4 feet a mile
decreasing to the south.

In Northern Adams County, Huronian quarzite is;
found at Hamilton Mounds. According to Ostrander,12
the quartzite has been intensely folded and dynamically
metamorphosed with the production of sericite. The
axes of the folds strike N75W and probably pitch te
the east. A slight amount of overturning has occurred
in the southeastern part of the area. Local brecci-
ation and pessible intrusion of pegmatitic and apli-
titic juices occurred with and after the folding
producing resistant, well-cemented breccias and
hydrothermally-altered, easily-weathered areas., A
possible fault occurring after the folding is indi-
cated by the displacement of the two main ranges of

hills.

A T SRR
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Well datal9reports quarzite at 678 feet in the city
of Adams and granite and gneiss at 655 feet just north
of the city of Friendship.

In downtown Montelle, Marquette County, Aldenl
describes a red granite cut by several small dense
diabase dikes. Some shearing has taken place and joints
in a N30-50E with a 50-70NE dip predominate.

Weidman21 described a series of granite outcrops
south of Red Granite, Waushara County. The rocks
are essentially a fine-grained dull red granite
with numerous fractures and joints. Basic dikes
intersect the outcrops, striking approximately N70-
80E. Well data in the village of Coloma reports
granite at 660 feet,

In Green Lake County, Weidman21reports the same
red granite as found to the north in Waushara Ceunty.
It is a coarse phase of granite with basic metamor-
phosed diorite dike, At Berlin, a rhyolite gneiss
monadnock with a sharp local relief of 600 feet within
a mile is outlined. The original rock was a rhyolite
which has been subjected to orogenic stress and meta-
morphosed to a gneiss texture, The outcrop contains
a complex history of joints and fractures; indicating

more than one period of deformation,
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At Utley, Weidman describes a rhyolite outcrop,
containing intrusive greenstone dikes trending N15E,
The texture is massive and uniform of probable
similar age as the Baraboo Velcanics.

In Fond du Lac County, Pre-Cambrian rocks are
reported only in well data. At Fond du Lac, quartzite
and slate are reported at 10 and 320 feet, Quartzite
is found in Brandon at 142 feet. Two wells near Waupun
show pegmatite at 133 feet and quartzite at 371 feet,

Pre-Cambrian Age relations in this area with other
Pre-Cambrian areas are questionable, Weidman calls
the basal group probable Archean north of the area and
related to the floor rock in the Lake Superior region.
The rhyolites and volcanics of the Fox River Valley,
probably Upper Huronian, are similar to the Baraboe
Volcanics. The granites of the Fox River Valley are
congenitally similar te those found at Baraboo, and
Weidman places them in the same petrographic province.
Weidman also considers the Upper Sedimentary Series,
probable Keweenawan, north of the Basal Group in
Northcentral Wisconsin, related to the Baraboo
Quartzite. Numerous writers have related the Necedah
and Hamilton Mounds Quartzites with the Waterloo and

Baraboo Quartzites.
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Cambrian Geology

The Cambrian sandstones overlie the Pre-Cambrian
throughout the area. The sandstones are exposed in
erosional outliers in the Wisconsin River Valley.,
They underlie the Ordovician dolomites in Fond du
Lac County. Concealed throughout are the Mt. Simon
and Eau Claire formations. The Dresbach is a medium-
grained, white, thick-bedded, ripple-marked sandstone.
The Franconia is a fine- to very fine-grained, glau-
conitic sandstone. The Mazomanie is a fine-grained
dolomitic sandstone. The Trempealeau is a sandy,
thin-bedded dolomite., The Jordan is a medium- to

fine-grained sandstone. Well data indicates the g

thickness of the Cambrian at Fond du Lac is L30 feet,

Ordovician Geology

The Ordovician outcrops in the eastern portion

oyl
of the area, with the exception of two small inmliers

of Oneota dolomite at Glover's Bluff. The base of the
Ordovician forms a carbonate escarpment in the vicinity

of Ripon, Fond du Lac County. To the east of Fond da

Lac the Ordovician is buried below the Silurian escarp-

ment. The Oneota is a gray, cherty, dolomite and varies
in thickness, depending on the amount of dewncutting

of the over-lying St. Peter. Well data at Fond du Lac
‘ reports a varying thickness of 15-125 feet, The St,
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Peter is a well-rounded quartz sandstone with varying
amounts of iron oxide coloring, The Platteville,
Decorah and Galena are located in well data. They
are difficult to distinguish in this area of Wiscon~-
sin. The Richmond shale is a thin-bedded,silicified,
fossiliferous shale and varies in thickness from 40
to 350 feet, increasing toward the east,

Silurian Geology

The only Silurian formation in the area is the

Niagara formation capping the escarpment east of Fond
du Lac. The Niagara is a light bluish-gray, crystal-

line, magnesium limestone, with some reef structures,

It averages about 140 feet in thickness increasing
toward the east. The Neda formation, which is found

to the south, is not present.

Pleistocene Geology

The Pleistocene period has altered the topography
throughout the area. The main features are the morainqg
and glacial lakes of the Wisconsin Glaciation Age,
Concentric moraines radiate about Lake Winnebago.
Starting form the driftless area, they are the Johns-
town, Green Lake, Waupun, Rush Lake, St. Anna, and
Outer moraines. The blecking of the Wisconsin River

Valley during the last Pleistocene glaciation caused
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the formation of glacial Lake Wisconsin over a large
part of Juneau and Adams counties. Numerous other
glacial lakes have been reported in Waushara and
neighboring counties.,
Structure

Structure is undoubtedly present in the Pre-
Cambrian and Post Pre-C;mbrian strata, but due to
the lack of outcrops ﬁﬁglgood correlable horizons,
little structure is mapped. Weidman states the
rhyolite at Berlin has gone through orogenic stresses.
Ostrander suggests faulting and folding at Hamilton
Mounds. Thwaitesl®has indicated Post-Ordovician

faulting at Glover's Bluff.




GEOPHYSICAL PROCEDURE
Field Procedure

Three methods of field procedure were used,
depending on the accuracy desired: (a) base looping,
(b) base reoccupation, (¢) base line control. All
primary base stations were looped in to determine the
gravity values as accurately as possible. In general,
field stations were tied in as closed series to the
nearest primary base station, and most of the work was
done on this basis., Distant regional series of
stations were tied to the network by reoccupation of
Stations along a base line. Drift control was deter-
mined from the reoccupation values at the base stations,
The station density was limited by road conditions, but
in general, the regional spacing was one station every
5 square miles and at Glover's Bluff and Fond du Lac
stations the density is increased,

Instrumentation

Worden Meters:
Temperature-compensated Worden gravity meters were
used for most of the work. The advantage of this inst-
rument over other standard gravity meters lies in its
portability, weight, size, temperature compensation,

range, and non-magnetic quartz system. In the present
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survey two such instruments of the geodetic type
were used,

The range of the small dial was sufficient
for this particular work and hence the large geo-
detic dial was removed. This also eliminated a
source of error, due to possible accidental move- . 0
ment of the geodetic dial while handling, The !
sensitivity of Meter 147 was .10466 mgal/Div and
Meter 10F was .22740 mgal/Div. |

Drift curves for the Worden meters were reliable

and only one tare was observed. This tare was im-
mediately located both in the calculations and in

the field by reoccupation. Careful cumculative study
of drift curves showed direct relationship with out-
side temperatures,

Frost Meter:

A Frost gravimeter was also used for part of the
study. This instrument is a mechanical, astatic
instrument of the Galitzen type.23 The instrument is

f null reading and barometric-compensated, but must be
: maintained at a constant temperature., The meter constant
used was .08550 mgal/Scale division. During the

survey, the instrument was connected to the six volt

battery of the truck and never disconnected. Due to




the cold weather, battery trouble halted the survey
several times. Readings were taken, as with the
Worden meters, both inside the truck on a special
tripod or outside the truck on a portable tripod,
depending on the vehicle availability. Due to the
extreme sensitivity to wind motion, the Frost‘meter
almost requires an inside truck triped for rapid
observation time.

Meter Characteristics

As indicated, several different meters were
used during the survey depending upon their avail-
ability. Each meter was placed under controlled
conditions in order to observe their characteristies,
These experimental characteristics were then used to
evaluate the drift curves.

During the winter months, when most of the
observations were made, the rapidly changing temper-
ature had a definite relation to the drift curves.
With increasing temperature the gravimeter would
drift positive, and with decreasing temperature the
drift would be flatter or negative, This has been
generally observed.7

The reliability of the meters was tested for this

temperature effect (see Fig. 1). The Frost gravimeter

18
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with thermostat control set on the high value of 122 F
and the temperature-compensating Worden 147 were
tested. The instuments were moved from a laboratory
temperature of 80 F to an outside temperature of LO F.
The following graph shows gravimeter reaction to this
temperature shock of 4O degrees F, On both occasions
each gravimeter would have a definite reaction. The
Frost gravimeter was shown to be especially tempera-
ture sensitive., Moving from the warm to the cold
environment the drift would be negative, but upon
regaining the initial warm laboratory temperature the
readings would regain their original normal drift
position.

The Worden meter appeared to assume a stable
drift position after a period of time in the cold
environment, while the Frost continued to drift
rapidly negative. Field stations where the Frost
gravimeter drift was erratic were checked with the
Worden gravimeter and results checked within 0.1 mgal
suggesting a linear temperature effect, It can be
assumed that sufficient accuracy is obtained regard-~
less of temperature effect if the base station is
reoccupied every two hours.

Laboratory earth tide observations also verified

the necessity of two-hour base station checks. In this




way earth tide corrections would be unnecessary.
Meter constants of the Worden 147 and Frost
were compared from field stations occupied by both
meters from the same base station. Dial reading
differences of eleven stations over a range of 58
milligals were plotted. A linear relationship
through all points showed agreement of better than
O.1 milligal,
Drift Control

All gravity observations were corrected for
drift. Temperature in the immediate environment of
the meter was believed to have the major effect on
meter drift. No earth tide corrections were made.
Position Control

Gravity stations were located on county high-
way maps. TIriangulation points (usually fire towers)
were incorporated for accurate latitude control.
Accuracy of position control is 0.15 minute in lati-
tude, and 0.3 minute in longitude. The maximum error
is 0.2 milligals. The relative error between stations
is less than 0.1 milligal. At Glover's Bluff a local
survey, large scale map was produced from aerial

photos making the position error negligible,

20




Elevation Control

Elevation control presented a difficult problem,
Highway profiles from the Wisconsin State Highway
Commission and railroad profiles from the U.S.G.S.
Groundwater Division were used for elevation control
due to lack of tOpographg?maps in the area. This
network of known elevations along the major highways
and railroads increased the accuracy of barometric
elevation in the intermediate areas, The overall
accuracy of elevation control is within 5 feet, or
0.3 milligals.,

Density Determinations

Density determinations were made on samples
throughout the area. Buckley4 made a rather complete
study of specific gravities of Wisconsin quarry
stone and these are included along with the writer's
measurements in the following table,

Formation Name Lithology Quarry Location Specific

Gravitz

Pleistocene Drift L mi. SW Coloma 2.1
Niagara Dolomite Fond du Lac 2.81
Marble Head 2.85

Knowles 2.8

Trenton Limestone Duck Creek 2.83
Oneota Dolomite Glover's Bluff 2.73
Cambrian Sandstone Grand Rapids 2.38
Necedah 2.31
Coolney Hill .44

2l
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Formation Name Lithology Quarry Location Specifie
Gravitz

Pre-Cambrian Quartzite Adams County 2.64
Quartzite Necedah 2.64

Granite Montello 2.63

Granite Montello 2.65

Rhyolite Berlin 2.64

Rhyolite Green Lake 2.64

Reduction of Data

The gravity data were réduced in the usual
manner with one exception. For the first time at
the University of Wisconsin IBM calculation methods
were used for gravity reduction computations. Theo-
retical gravity was obtained from the International
Ellipsoid 978.0490(1 + 0.005288, $in®3 - 0,0000059
Sinzzai). This formula was then reduced to a simpler
form for IBM calculation. For the local survey at
Glover's Bluff the relation K = 1.307 Sin 2i (mgal/mile)
was used as latitude correction., Observed gravity
values for the entire Survey arerelative to the base-
ment floor outside Room 7, Science Hall, Madison,
Wisconsin. This value is 980.3690, which is indirectly
tied to the world gravity base at Potsdam, Germany.29

The station number, latitude, longitude,‘observed
gravity, and elevation are manually pdﬁhed on IBM cards.
The IBM 650 Magnetic Drum Data Processing Machine

computes and types the following information for each
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Station: theoretical gravity, free air anomaly, simple
bouguer anomoly for densities 1.77, 2.00, 2.20, 2.40,

2.50, 2,67, 2.80, 2.90., This information is found in

Appendix A.

Because of the almost complete lack of topography
maps, no terrain corrections were made, The amount of
eérror introduced by terrain is not critical for a
regional survey, but is critical in the local Glover's
Bluff Survey. No isostatic corrections were made but
the Coast and Geodetic values at Wisconsin Rapids and

Oshkosh are in the following table.6

Obs, Gr. Free Air Boug 2.67 1Iso.
Wisconsin Rapids 980,441 ~-.039 -.074 -.042
OShkOSh 014’38 "0033 -0059 "00314—

Magnetic Survey

The magnetic Survey was conducted independent from
the gravity survey. Two vertical intensity Schmidt
type Askanié magnetometers were used. The method of
Survey is similar to the gravity survey with one
exception. Base stations were established with one
moving magnetometer, while another stationary magneto-
meter, the deadman, was read every 10 minutes for di-
urnal correction. In the work at Glovert's Bluff, re-
occupation of g single base station everj one or two

hours determined the diurnal correction,
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The sensitivity and temperature corrections of
the magnetometers were determined frequently through-
out the survey. Two sensitivities were used on both
magnetometers: 50.2 and 39.5 gammas per scale division
on magnetometer #57641 and 35.3 and 21.3 on the Fest
magnetometer., The tempefature correction was very
small on these temperature-compensating magnetometers.
The largest temperature correction was 2 gammas per
C° change. Both meters were adjusted for latitude
in the field so no magnets were necessary.

The field stations were displaced at least 100
feet from any extraneous magnetic fields, The approx-

imate absolute vertical intensity value can be ob-

tained by adding 56,300 (¥ 100) gammas to the entire
survey. The estimate of error for the magnetic survey
is 5 gammas between stations,.

Magnetic Susceptibility Determinations

YO L

All gravity samples in the area were examined for

their magnetic properties. The granite samples from
Montello and Red Granite did indicate magnetic sus-
ceptibilities of varying amounts. Attempts to deter-
mine their actual amount of susceptibility were un-

sucessful, but the granite from Red Granite is consider-

ed to be rather high in local parts of the sample,
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INTERPRETATION OF REGIONAL SURVEY

Method for Regional Determination

A regional gravity correction was applied to the
entire Simple Bouguer Anomaly Map. Due to the large
station spacing the graphical cross-profile method
was used to determine the regional gravity. The
regional gravity was determined from seven east-
west, eight north-south, and two northwest-southeast
profiles, (Plate V a,b,c,d, and h). Two interpreta-
tions of the regional gravity were made (Plate II).

Regional A was carefully drawn and readjusted
until the E-W and N-S profiles agreed independently.
Regional A agreg too closely with the original Simple
Bouguer Gravity Map and was assumed to remove too
much local geology. Vajk29 points out this is

frequently done., Regional A was not used in the
determination of the residual gravity.

Using a method similar to Woollard?7 Regional
B (Plate II) was obtained by broadly smoothing
Regional A. Regional B was then transferred on to
the profiles used in determining Regional A, Excellent
agreement with the broad regional trends was con-
firmed on the profiles. Regional B was assumed to be

accurate and all interpretation was made with this
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assumption.

Regional Interpretation

Regional B then showed the broad features of the
Wisconsin Arch. Sumnerl® in the Waterloo district to
the southeast of the area found the regional to be
.66 milligals per mile decreasing N65W. In Fond du
Lac.County the regional is N35wW decreasing .5 milli-
gals per mile, However, in the Ripon area the regional
is 1 milligal per mile. Over the major portion of the
area the regional is very flat approximately ,25
milligal per mile,

The regional "jump" (Plate V-h) in Northwestern
Fond ud Lac County could be explained by a rapid
thickening of the sialic crustal layer by approxi-
mately 1.5 kilometers at the 2,67-2.84 density
interface., Slichteri’ point out these variations
are possible., The regional control in this area is
definitely poor making a regional interpretation
difficult,

In the rest of the area to the north the regional
is almost non-existent suggesting the Wisconsin Arch
apex has been reached.

The comparison of regional A and B also indicates

in the major portion of the area the residual inter-
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pretation will be of the near surface crustal
lithology.

General Discussion of the Residual

The residual anomaly map (Plate III) was obtained
by subtracting regional gravity map B (Plate II) from
the observed Simple Bouguer Anomaly Map (Plate I),
Adjustment of the regional gravity up or down a few
milligals will change the magnitude of the large
anomalies and obscure or create other small anomalies,
but the general interpretation of the large gravity
effects however cannot be changed.

As previously stated the general results of the
Bouguer Residual Map is near-surface crustal lithology.

All anomalies represent deviations, either
structurally or lithologically, from the assumed normal
crustal layer of density 2.67.

Positive anomaly areas are of heavy basic compo-
sition and negative anomaly areas are of lighter
acidic composition. Small anomalies of 3 milligals
or less will be disregarded because of possible
buried topegraphy effect.

The anomalies are divided into positive and nega-
tive catorgies., The anomalies are given geographic

names in order to give their discussion a sense of




location. The anomalies can be interpreted by using
their shape, gradients, regional orientation, mag-
netic properties, calculated form, and geological
probability.

For calculation purposes a thickness of the
sialic crust in this area is assumed to be 2,5-4,0
kilometers, in agreement with Slichter,15

Local Effects in Residual Gravity Map

A graticule study was made of various different
probable near-surface, buried, topography reliefs
likely to occur in the area,

(a) A Pre-Cambrian ridge 500 feet high and 2000
feet at the basecovered with sediments and glacial
till has a maximum effect of 1.7 milligals.

(b) A sandstone mound 250 feet high and 1000
feet at the base surrounded by glacial till has a
«5 milligal effect.

(c) A Pre-Pleistocene river valley, which is
filled with glacial material, 250 feet by 2000 feet
has a .6 milligal effect.

The gravity anomalies of these features are
roughly conformable with the buried topography
feature, With gravity stations at a 1-2 mile inter-

val, these topographic effects percentagewise will




occur infrequently. However as previously stated no

gravity anomaly of 3 milligals or less will be evalu-
ated, because of a probable surface or buried surface
terrain effect,

Negative Anomalies

The characteristics of each anomalous area will
be discussed in order to define the lithology and
geologic cause. Interpretation will begin with the

anomalies with known geology and this interpretation

will extend into geologically unknown areas. Numerous

interpretations have been evaluated, but only one,

which the writer favors, is given,

The Red Granite negative has a circular shape
with an east-west trend conformable with a reported
basic dike trend. The gradients are steepest toward
the Neshkoro positive on the south. Granite outcrops
throughout the area. Depth estimatéﬁis Lk kilometers
with the 1/2 width method. Probably genetically
related to the Plainview and Coloma negatives. Down-
ward flexure of the sialic crust could be the geologic
cause,

The Berlin negative is not very well outlined.

Its trend is toward the northeast conformable with

the rbyolite outerop joint pattern, The rhyolites
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dip to the northwest and show evidence of having
undergone orgenic stress. This evidence conforms
with the regional "jump" in the sialic crust and
complex orgenic history immediately to the southeast.

The Montello negative is poorly outlined. Granite
outcrops suggest a northeast trend, which is also
implied on the gravity map. Probably genetically
related to the Berlin negative,

The Coloma negative is circular in shape, Granite
was found in the Coloma city well. Magnetics indicate
nothing. Depth estimation is 8 kilometers. Geneti-
cally related to the Plainview negative and probably
to the Red Granite and Brooks negatives, Downward
flexure of granitic crust is probable geologic cause.

The Plainview negative is similar with Coloma in
all respects with exception of its northern trend,
which assumes a northeastern direction.

The Necadah negative is not well defined. Probably
due to diorite-quartzite density differential at the
relatively near surface, because of its sharp gradient.

The Monroe Corner negative has an east-west trend,
with & nose pointing at the Hamilton Mound quartzite
outcrop. Depth estimation is 2.5 kilometers, Its

eastern boundary appears to have a magnetic trend,
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conformable with the Adams positive. Probably geo-
logically related to the quartzite outcrops surround-
ing it, with similar origin.

The Brooks negative is circular in plan, with an
east-west trend. Depth estimation is 4.5 kilometers.
Using Nettleton's method,ll a disk with a radius of
2.5 Kilometers from a 3.5 to a 6.5 kilometer depth
with a density differential of .2 will conform with
observed bouguer gravity curve,

Magnetic indications suggest a 200 gamma low
conforming with the gravity, Relationship with the
Coloma negative is probable, Assumed geologic cause
of the anomaly is a downflexure of the crust.

The Lodoga negative has a broad northeast trend,
conformable with a magnetic low. The cause is
probably a crustal downflexure related to the orgenic
belt to the northwest.

Positive Anomalies

The positive anomalies are more difficult to inter-

pret, because of the complete lack of outcrops. Because

of the abundana magnetic observations some assumptions
can be made on a few anomalies to which other positives
can be related.

The Adams positive was well outlined with both

gravity and magnetics. Gravity gradients are very




steep along the Coloma and Plainview negatives and
moderately steep along the Monroe Corner negative.
Magnetics indicates a near-surface, oval-shaped anomaly
of over 1000 gammas completely within the gravity
high (Plates IV and V, e and f)., There is a pro-
nounced magnetic low in the center of the high
magnetic area. Radio reception in the immediate
commuﬁity is reported extremely poor.

A graticule study of the anomaly indicates an
asymetric syncline with a maximum depth of
feet of density conforms with the observed
bouguer anomaly. Although many different interpreta-

tions are possible, a syncline of Pre-Cambrian, iron-

rich, meta-sediments is suggested with probable
faulting and mineralization along the eastern flank.

This iron-rich formation probably stratigraphically %

overlies the Hamilton Mounds and Necadah quartzite,
The Neshkoro positive appears to be identical

to the Adams positive but smaller in size (Plate V-g).

sl S S e s

Abrupt magnetic highs with a low in the center suggest i

similar rock sequences. The granite field sample from

the Red Granite negative possessing a high magnetic

suspectibility is the only objection to this comparison.
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The Coddington and Saratoga positives are not
too well defined. Gravity trends suggest a relation-
ship with the Adams positive. However lack of the
magnetic high trend and the presence of the Hamilton
Mounds quartzite does not favor this relationship.
Leith9 indicates the presence of basic intrusives to
the north. The geologic cause of the anomalies is
probably a basic intrusive similar to the Duluth
gabbro.

The Harrisville positive appears to be in the
Neshkoro positive trend. However the magnetic and
gravity gradients suggest the cause to be related to
depth. Probably a slight upway flexure of the crust
or basement lithology variation.

The Oxford and Pachwackee positives are not
well enough defined for interpretation.

The Ripon positive may be caused by volcanics
and basic lava flows as suggested by the geologic
outcrops and the regional "jump" Thwaites'l7 map
of the Pre-Cambrian shows a topography high of 600
feet on basement through this area.

The Van Dyne positive agrees with a magnetic
high in both trend and amplitude. Topography relief

of the crystalline basement is the probable cause,



o G G | SRS R R s e i s R R S R g e
Camo sl AR s T

Geologic Correlation

If the foregoing geologic assumptions are correct,
there should be some general correlation with surround-
ing known geologic areas.

The volcanics of the Ripon positive could be
related to the Baraboo Volcanics,

The Necedah and Hamilton Mounds quartzite is
probably correlated with the Baraboo quartzite. This
quartzite probably dips sharply into the deformed
and faulted Adams positive syncline. Overlying the
quartzite is a heavy sediment, which has a magnetite
rich formation, probably correlable with the Freedom
formation of Baraboo,

The Coddington and Saratoga positive basic
extrusive probably followed deforming the Adams
positive syncline from the north. This was followed
by the intrusion of a large batholith of the Plain-
view, Coloma, Red Granite, and probably Brooks nega-
tives. The Adams and Neshkoro positives were then
deformed and faulted. Mineralization is probably
related to this granite of probable Killarney age,

As previously stated, many alternative inter-
pretations are possible, but the writer has attempted

to arrange the lithologies and sequence in such a
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manner as best to agree with an overall picture, Re-
interpretation of the data is suggested after future
geophysical investigations are made in surrounding

areas.

I
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GLOVER'S BLUFF DISTURBANCE
Geology

Glover's Bluff consists of a highly disturbed
Ordovician outlier. The base of the Oneota formatien,,
the disturbed strata, is approximately 200 feet

structurally lower then the normal surrounding, gently

southeast dipping Cambrian sandstones. Ekern8 mapped
the base of the Franconian formation two miles east
% at 1020 feet and six miles west at 1060 feet (Plate
VIII). The base of the undisturbed Oneota dolomite

is found is found four miles southwest at 1180 feet.
The Oneota dolomite in the Glover's Bluff vicinity is
found at various levels from 1075 feet to less than

1010 feet. It is obvious that Glover's Bluff is a

downfolded or downfaulted element, which extends at
least 200 feet below the expected level, Thwaite318
favors the hypothesis of Post-Ordovician movement on
Pre-Cambrian lines of weakness.
Regional

The regional gravity is affected by the Coloma

negative to the north and west (Plate VI)., However

these regional trends are believed to have been

eliminated by using the cross-profile and smooth- i

contour method of regional removal (Plates VII and
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IX, i and j). Magnetic data was handled in a similar
manner,
Residual

The residual anemaly values are obtained by sub-
tracting the regional from the observed bouguer anemaly
map. The gravity and magnetics residual resulted in

a large positive anomaly with a small superimposed

negative anomaly. The assumed effect of the proposed
200-foot Pre-Cambrian fault was calculated. This
accounted very neatly for the superimposed negative,
especially with the magnetics., lhe large magnetic
; ‘! and gravity positive was calculated and both agreed
with a basic plug at a depth of 6500 feet.
Interpretation

The gravity residual shows a broad high miles
northwest of Glover's Bluff. Magnetic data shows a
magnetic sharp low over the gravity high. This mag-
netic low is flanked by two magnetic highs. The mag-

netic low cannot be associated comfortably with the %
gravity high. The magnetic low must be near surface
where its resolution in this case is best. The two
flanking magnetic highs then merge into one and are

directed related to the gravity high. Glover's Bluff

is then caused by Post-Ordovician semi-hinge grabaen
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faults in the crystalline basement due to a basic
intrusive at depth. Travis and McDowell find
this grabenlike faulting to predominate in model
studies and saltdomelike structure.

Glover's Bluff has a unique position in regards
to probable north-south and east-west regional zones
of weakness suggested in.the regional interpretation.
It is also located at the approximate apex of the
Wisconsin Arch.

Cryptovolcanics in other areas

The literature was then surveyed to note geo-
physical results from other cryptovolcanic structures.

Sappenfieldlh conducted a vertical magnetic sur-
vey of Serpent Mound, Adams County, Ohio.

Wilson and Born?® made a magnetic survey of the
Flynn Creek Disturbance, Jackson County, Tennessee,

Wilson and Born26 conducted a vertical magnetic
survey of thevHowell Disturbance, Lincoln County,

Tennessee,

Pembertonl5

conducted a gravity survey of the Des
Plaines Disturbance, Illinois,

The writer has reinterpreted these magnetic
surveys by constructing profiles through their

survey maps (Plate IX). Assuming the writer has
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drawnthe regional properly all of the above profiles
are in direct agreement with the Glover's Bluff
magnetic results,

The observed bouguer gravity map of Pemberton has
also been reevaluated (Plate IX). If the regional
gravity is drawn slightly lower and flatter the result
will be a large positive anomaly with a superimposed
negative anomaly. Pemberton's second derivative maps
contain residuals in agreement with the writer's
revised regional.

The writer feels, that however the reevaluation
of three magnetic and one gravity survey of other
cryptovolcanic structures is in agreement with the
results found at Glover's Bluff, the solution is not
yet unique. A seismic survey in the Glover's Bluff
vicinity could pessibly solve the origin of crypto-

volcanic structures.




SUMMARY AND COHCLUSICHS

A regional network of gravity and magnetic stations
have been established over Scuth Central Wisconsin.

A Regional Gravity Bouguer Anomely map hos veen compiled

on the area. Magnetic values have been mapped and profiles

drawn for comparison with gravity anomelies. This will
make it possible for future surveys over known geologic
area to extend their interpretation into this geologically
uncertain area.

An attempt was made to interpret the regional geology
of the area almost solely from geophysical information.
Provable geological correlation anda history oi the area
is suggested.

The Glover's Bluff structure has been surveyed with
sravity and magnetics. The writer has evaluated other
geophysical surveys on cryptovolceznic structures. With a
slight change in the regional geovnhysicel trend all the
surveys indicate agreement with results at Glover's Blurf:
The piovable origin ol thnese disturbcnces is a pasic
intrusive at depth on the order of 1 1/2 miles causing

graven and hinge feulting 2t the surface.
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