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Abstract

A regional gravity survey of the Cuyuna Iron Range,
Minnesota, was conducted during the summer of 1955 by the
U. 8. Geological Survey. It was believed that gravity data
would aid in the understanding of the major structures of the
range.

It was found that synclinal and steeply dipping struc-
tures produced positive gravity anomalies while anticlinal
structures produced negative anomalies. This principle was
noted in areas of well known geology and then applied to out-
lying areas of the district. The outstanding gravity feature
is a narrow positive anomaly extending from south of Brainerd
eastward through Aitkin, the axis of the anomaly being some-
what south of the South Range. This gives support to the
theory that the Biwabik formation passes under the strati-
graphically higher South Range member as a synclinal struc-
ture. However, this anomaly is also explained using one main
iron formation and assuming an anticlinal structure between the
North and South Ranges and a syncline between the South Range
and Bay Lake. A large magnitude negative gravity anomaly north
of Mille Lacs is postulated to result from an intrusive mass
extending to the erosion surface. Aero-magnetics are used to
strengthen the gravity interpretation.

The need is realized for additional regional gravity
coverage to the east of the area included in this survey and
a detailed gravity study of the area between the North and
South Ranges.



Introduction

The object of this paper is to attempt to interpret the
major geological structures of the Cuyuna Range, with emphasis
on the area between the North Range and Mille Lacs Lake, by
gravimetric means.

The field work, conducted during the summer of 1955, was
under the direction of the U. S. Geological Survey. During the
past several years the Survey has done considerable magnetic
work, both air and ground, on the Cuyuna Range; and it was felt
that gravity data would aid in its interpretation.

The gravity Qotk, becsusgﬁf time limitations, was confined
to the portion of the Cuyuna Range covered by the following U.S.
Geological Survey 15' quadrangles: Brainerd, Deerwood, Wealthwood,
Aitkin, and Cuyuna. Traverses were also made in the vicinity of
Dam Lake, 10 miles east of Aitkin, and to the Jenkins area, 25
miles northwest of Crosby. The latter two traverses provided
insufficient coverage to give a good picture of the major gravity
trends and were not used in contouring the area.

Several mining companies on the Cuyuna Range have made use
of detailed, local, gravity surveys to aid in the location of
ore bodies, although no results of these projects have been made
public. During the summer of 1955 Budd Adams of the University
of Wisconsin conducted a regional grfavity survey of an area
comprising most of northeast Minnesota including a portion of
the Cuyuna Range. Edward Theil, also of the University of
Wisconsin, completed a gravity survey extending from the Bay-
field Peninsula of Wisconsin to southwest Minnesota and Iowa.
This work did not include the Cuyunsa Range but did traverse a

portion of the Lake Superior geosyncline,



Previous geophysical work on the Cuyuna Range has been
confined mainly to magnetic prospecting. Iron ore was first
located in this area in 1903 when Cuyler Adams drilled an area
of maximum magnetic attraction near Deerwood. 1Iron formations
had been indicated in the 1850's by compass deflections.

Aerial magnetic surveys have proved useful in tracing the major
features. In 1955 the Geological Survey reflew the region at
an altitude of 500 feet and with a line spacing of one quarter
mile. When available, these maps should provide much detailed
information. Experimental mapping, using resistivity and
electromagnetic methods, has proved interesting and may warrant
further work.

Gravity measurements on a regional scale seem very useful
in interpreting the major structures although much more work is
needed in the determination of formation densities. Many
facies changes in the iron formation will make this a difficult
task. Detailed surveys of high accuracy have proved useful in

economic applications.



Physiography

The Cuyuna Iron Range is located in north central Minnesota
extending some 65 miles northeasterly from Todd County, through
Morrison and Crow Wing Counties, to central Aitkin County. The
width of the band of iron formation varies, because of folding,
from two to 12 miles. The majority of present mining activity
is concentrated in the vicinity of Crosby and Ironton. The
Cuyuna ore is generally transported by rail to Duluth, 100 miles
to the east, for shipment to lower lake ports.

Topographically the Cuyuna Range is rather flat with maxi-
mum relief of 200 feet. A glacial moraine forms a series of
hills northwest of Brainerd and, as the ice retreated to the
northeast, glacial waters formed a series of smaller gravel
ridges which stand above the flat, swampy, outwash plains,.
Studies of the glacial deposits by Zumberger (1952) indicates
several advances of the ice. Although the Mississippl River
closely parallels the range, drainage in the area is very in-
complete. The outcrops and the topographic ranges character-
1stic of the other Lake Superior iron mining districts are
lacking in the Cuyuna.

Mining and agriculture are the important industries of the
district. The numerous lakes also make it a popular resort area.
Logging operations have removed most of the heavy timber, leaving
second growth hard and soft woods. The climate is temperate
with warm summers and moderate to agvere winters. The July
mean temperature is 68 degrees, while the January mean is six
degrees. Precipitation averages about 30 inches. Mining oper-

ations are halted during the winter months.



Geology

This brief discussion of the geology of the Cuyuna Range is

summarized from Grout and Wolff (1955).

This is the most recent

and comprehensive publication covering the geology of the area.

The Cuyuna Range is believed to be a complex drag fold on the

northwest limb of the Lake Superior geosyncline, the axis of the

syncline being marked by intrusives sauth of Mille Lacs. The geol-

ogic section of east central Minnesota
Pleistocene
Recent alluvium

Wisconsin till and outwash

is as follows:

Pre-Wigconsin till and outwash

Cretaceous

Sands, clays, and conglomerates, with fossils

Cambrian
Upper Cambrian sandstone
Precambrian
Later
Keweenawan
Thick sandstone
Flows, intrusives,
Thin sandstone
Animikie
Ignaous flows (7),
Virginia formation,
Upper slates

gabbros, and granites

sills, and dikes
argillite and slate

South Range iron-bearing member

Lower slates

Biwabik iron formation

Pokegama formatidn, quartzite and slate

Medial
Algoman granite

Thomson formation

Slates and graywackes

Local dolomites



Earlier
Granites and greisses
Greonstones, schists

The geology of the Cuyumm Rangs must be studied from drill cores and
exposures in open pit minse a8 there are no natursl roek outorops in the
ares, Correlation within the Cuyuns district is difficult beecsuse of
rather complex structure and fecies changea within the formstion membders,
Texture, sequense, thickness, snd megnetioc beds serve as & basis for sore
relation. The Cuyuna Range is divided geographically, by the Forthern
Pagifis Railrcaed, into a North Rangs and & South Rangs.

The Virginia, Biwablk, and Polegama formations of the Cuyuns are
sorrelated through the Fuily district with the Mesadi seriess, The main
or Mwabik iron formation of ths Cayuns Hurth Range is made up of four
msmbers: the Upper Slaty, 18552300 faet thiock, the Upper Cherty, 80-185
feet thiok, the lower Slaty, 700-750 feet thick, and the Lower Cheryy,
1002850 feet thick. This seotion is much thicker than the Biwablk of the
Mesabi. Overlying the Biwabik is a slads seotlion over 5000 feet thick,

If the slates did not aontain & 200 foot thiskness of iren formation, the
Scuth Range member, they would qorrelate well with the Virginia formation
of the Mesabi, There is & possibility that there is only ons ore horisen
and the South Range msmber is a reappearsnce of the Biwabik, However, ths
charscter of the Scuth Rangs member differs greatly from that of the
Biwabik and it is separated by thousands of fest of barren slates from any
other iron membder. e Biwadbik of the Ouyumns and the lesab! are underlain
by the Pokegama formation, quartzites and slates varying in thiockness from
less than 100 to greater than 3E0 feet,



The main producing area of the Cuyuna Range between Crosby
and the Mississippi River consists of a series of complex folds
and one or more faults. It is not the purpose of this paper to
discuss the detailed structure of this area, but rather the more
general structural features, especially those between the North
Range and Mille Lacs.

South of the South Range, in the vicinity of Bay Lake, iron
formation has been drilled that may represent the lower Slaty
member of the Biwabik fornafion. Since the South Range member
has been mapped as a tight syncline southeast of Brainerd, it
would appear that the Biwabik, which dips steeply to the south
near Crosby, passes under the South Range member to appear again
near Bay Lake. 1Iron formation, again somewhat similar to the
Biwabik, has been drilled in sectionmn 30, T.46N. - R.25W. north of
Mille Lacs. Quartzite resembling that of fhe Pokegama formation
outcrops east of Dam Lake, section 34, T.47N. - R.25W.

Granitic gneiss, tonalite, and quartz monzonite have been
mapped (Woyski, 1949) south and east of Mille Lacs. Basic intrus-
ives are known to occur with the iron formations of the North and
South Range and in the vicinity of Dam Lake.

An alternate interpretation of the geology has been suggest-
ed by R. G. Schmidt and C. E. Dutton of the U.S. Geological Survey.
In their opinion there is one main iron-formation that produces
all but a few percent of the ore from the district. '"The main
iron-formation is a persistent layer that varies in thickness from
less than 100 feet to more than 500 feet. It is stratigraphically
underlain by at least 2000 feet of light gray argillite and silt-
stone and local lenses of quartzite near the upper contact. The
strata younger than the main iron-formation are gray or black
argillite, partly carbonaceous, partly ferruginous, and are tran-

sitional into lenses of lean iron-formation at several horizons.



Because of the higher iron-content, the younger metasedimentary
rocks have & higﬁ?r apecific gravity than those older than the
main iron-formation. Tuffs and basaltic flows occur locally

at the base of the younger metasedimentary rocks and possibly
within the main iron-formation. The younger sequence is prob-
ably more than 2000 feet thick." (R.G.Schmidt, oral communication).
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Instrumentation

Grnvi:z

Gravity measurements were made using a Worden gravimeter.
The meter has a small dial constant of 0.03494 milligals per
division and a large dial constant of 6.05 milligals per divi-
sion over the range used.

The Worden meter is essentially a sensitive spring balance.
The same mass weighed at different locations will reflect any
change in the earth's gravity. Fused quartz, whichgfslow co-
efficient of expansion, high elasticity, and no magnetic sus-
ceptibility, is used in the spring system of the meter. The
basic mass of the quartz moving system is about five milligrams.
The meter is reasonably rugged as a result of this low mass and
subsequent low moment of inertia and also the high elasticity
of the system. The meter drift caused by fatigue in the systenm
is low and in a positive direction, varying only slightly with

temperature change.

Elevations

Elevations were obtained with a continuous recording micro-
barograph, thermograph, and altimeter.

The continuous recording microbarograph, a null type
aneroid barometer with a spring driven timing mechanism, will
record a change in barometric pressure of 1/1000 {inch of mercury
which would correspond to an elevation change of one foot. The
thermograph, also spring driven and continuous recording, records
the temperature to : 1°P. Field temperature is checked at each

station with a mercury thermometer.

10



The altimeter is basically an aneroid barometer but to
eliminate lag, drift, and excessive frictison in the system,
and to increase sensitivity, {t is constructed as a null or
zero gauging instrument. The analogy of comparing the normal
aneroid to a spring scale and the altimeter to an analytical
balance will illustrate the principle of operation. The altim-
eter is calibrated in one foot divisions. It is temperature
compensated and is calibrated for a temperature of 50 degrees
F.

11



TIZLD PROCZDURE

Field operations were comrwnced on June 25, 1965, st Crosby, Uinnesota.
The first few days were spent in gathering maps and bench mark deseriptions
and in becoming familiar with the ares, Gravity traverses were planned
along northesouth roads using & station spacing of oms mile, with oloser
spaeing in anomelous aress. Parallel traverses were to be run every two
to three miles. During the course of the summer, however, many of hase
traverses had to be altered Decause of road sonditious.

The miarobarograph ind thermograph were set up each mornming st & loos-
tion convenisnt to ths site of flald operations, The gravimeter was then
read at a base station and the level bubble adjustment cheoked to insure
that the total gravity £ield was deing measured, As base stations, the
ecncrets pump base of an abandoned gas station at the sorner of highway
$10 and 3rd Street 37, Crosby, the elevation of which was known from a
Minmwesota Highway Departmsnt survey, and the B corner of the Altkin
County court house edjacen$ %o the U, 3, C, G, 8. bench mark were chosen,
The Crosby base station was tied to gravity psndulum stations at Brainerd
and Grand Rapids, Mimesota, As & cheaek on the values obtained, two 3&-
tons which had besen ocaoupied by Adams, whose gravity values are tiod,tu
thiels, were ogeupied.,

The gravity dase was generally occupied thres times a day for drift
oontrol. A station from sseh day's traverse wus re-cccupied at a later
date as & cheek: The maxivum sllowable ervor was 0,20 milligals. The
average orroar was found to be about 0,08 milligals,

12



Elevations were obtained, during favorable weather, at the
same time the station was occupied for a gravity observation.
Elevation control was obtained by tying into bench marks and
other points of known elevation during the day as well as making
several checks back to the base station for drift control.
Although the altimeter was temperature compensated, drift was
sometimes rather erratic and excessive. Normal diurnal change
in atmospheric pressure resulted in apparent changes in elevations
of up to 100 feet. Local pressure variations also resulted in
some erratic elevation ties. Maximum allowable error of closure
was three feet. If tie and check station readings did not ”

indicate this accuracy, the traverse was re-run at a later date.
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- Reduction of Data

‘Gravity

The observed gravity values include the effect of several
factors which must be eliminated if they are to reflect changes
in geologic structure. Corrections which must be applied are
meter drift and tidal effects, elevation, latitude, and terrain.

Drift Correction. The drift correction includes the effect

of mechanical drift in the meter system and tidal effects. The
gravity base station is read at two to four hour intervals dur-
ing the day and the correction is made assuming linear drift
between each check. The drift in the meter used for this survey
was generally low and in a8 positive direction, averaging about
0.03 milligals per hour.

Elevation Correction. If gravity values are to be compared,

they must be reduced to a common datum. This 1is accomplished
by the free air and the Bouguer correction. The free air cor-
rection compensates for the decrease in gravity with elevation
without regard to the mass between the station and datum. This
correction has been shown to be 0.09406 milligals per foot.

The effect of the mass between the station and the datum
can be calculated by assuming some simple geometric form, such
as a disk of infinite radius. The gravitational effect of such
a mass can be shown to be Ag=9372 %—*-E where d is the density
of the material in the disk, ¢ the mean density of the earth,
H the distance from station to datum, and R the radius of the
earth. The Bouguer correction and free air correction are always
of opposite sign.

In practice the two corrections are combined to give an
elevation correction factor. This author assumed d to equal

2.67 to give an elevation factor of 0.06 milligals per foot.

14



Latitude Correction. Gravity increases towards the poles

because of the flattening of the earth at the poles and the
earth's rotation. The gravity at any latitude, ¢, can be cal-
culated from the fnternational gravity formula, g= 978.049 (1l +.
0.0052885 s1n°¢-0.0000059 sin> 26). The change of gravity in

2 north-south direction is found to be about 1.307 sin 2¢ milli-
gals per mile.

As a reference latitude this author chose 46° 30' 00" which
resulted in a2 correction of 1.305 milligals per mile. The
correction valueiéa: assumed constant over the area covered by
this survey. The correction values were obtained by scaling
the distance from the reference latitude to the station on the
U.8$.G.5. topographic maps. Corrections are added to stations
south of the reference latitude and subtracted from stations
to the north.

Terrain Correction. 1In regions of rough topography a

terrain correction must be applied. 1In the area covered by this
survey and for the accuracy desired terrain corrections were not
necessary.

The above correcti&ns are added algebraically to the Ag
values obtained by subtracting the corrected base reading from
the station reading and multiplying by the dial conatant. A
constant may be added to these relative, arbitrary values to

give the results in terms of absolute gravity.

15



Reduction of Oravity to ibsolute Values, Traverses were rum fyom the

Crosby bese station to the gravity pendulum stations at Grand Rapids and
Brainerd, Yimesota, and to Adams' gravity stations in Crosby and Altkdn,
The Bouguer snormlies in Grand R:pids and Srainsrd ere given as «64 millie
gels and «28 nilligals respectively. Adama ras given the abaolute gravity
of his Crosby and Aitkin stations as 980,85762 gals and 880,66878 gals,
Caloulation of the Bouguer gravity at these stations using the intermstionsl
gravity formula g » 978.042 (1 ¢ 0.0062884 sin® g - 0.0000089 sin® 2¢) 4
equals 2,87, and datum equal to mean sea lswel indicatss a Bouguer ancmaly
of «38,2 milligals at Altkin, and «39,8 milligals at Crosby. An error of
slosure of about ¥ milligels between the two pendulum stations was noted,
™he Grand Rapids station 1z probably the more acourate, the work being
dons in 1940, whereas the Brainerd station was established in 1918, The
tie betwesn Adams® work and Grand Rapids station is less than one millie
gal, well within the probable srror of psndulum measurements.

Yalues on the Bouguer grevity map are reduced to tis to the work come
pleted by Adems and Treil,

Elowations

Blevations obtained with an altimeter must b8 ocorrected for varia-
tions in atmospheris pressure and air temperature, A precording ciorobaro=
graphk and thermograph ere used at a base station and pressure fluctuations

are sssumed constant over the given area. Ths sir temperaturs is noted st

each station.

16



The altimeter elevations are first corrected for variations
in atmospheric pressure as indicated by the microbarograph
record. A change in pressure of 1/1000 inch of mercury results
in an apparent change {n elevation of approximately one foot.
By comparing the corrected elevations of a base station that
has been re-occupied during the day, the altimeter drift curve
can be determined and a drift correction applied.

A correction gallowing for the variation in the weight of
a4 column of air between stations of different elevation and
temperature is made. If air were a true gas, its density would
be inversely proportional to the absolute temperature. The
altimeter, like most aneroid barometers, is calibrated for 50
degrees F or 510 degrees absolute, Therefore, a one degree
change in temperature should cause a change in density, and
pressure, of 1/511 or 0.1961 per cent. Actually the rate of
change 1s 0.2039 per cent for each degree above or below 50
degrees F, The correction can be approximated by taking the
sum of the station and base temperature and applying a plus or
minus correction of 0.1 per cent of the difference in elevation
for each degree that this sum is above or below 100 degrees F.

The corrected difference in elevation between the station
and the base 18 added algebraically to the known base elevation

to give the corrected station elevation. ’

17



Ay,
IHIBRFRETATION OF GRAVITY DATA

In considering the interpretation of the Bouguer gravity nsp, it
=15t be remembered that, with the statioa spacing used ard the precision
of the survey, only the major structursl festures will be sutlined., The
probabls error of the station valuos is greater than the anomalies that
minoy struotures would produee,

The greatest problem in interpretation is the lack of density infor-
mation, For reduction of data & @ of 2,87 was sssumed, This would seenm
¢ be & aatisfactory cholce as there appoars +o be nc consistent relatlon
detwaen gravity and topography. The bedrock surfaoce is delisved %o be
falrly uniform sid should not give rise % any azomalies. It would be
almost inmpoesidle to assi;n an everage denai4y to any civen formation on
the Cuyuma Rangs because of wmeny faocles changes, though the slates and
the schists may be an ewoeption to this. As a result any thecretical
oross sections and oalculations are very hypothetical, The on'y solution
%o thias problem would bs & detalled, but time-consuning, study of all
oxisting drill hole information.

Speoific gravity determinationa of drill core sa-ples from nor’hern
Crow Wing oounty have bsen mads b, the Oliver Iron Hining Diviaion with

the following results: (Ralph Marsden and Richard Strong, oral
communication)

Yo, of
Degaription Samples Range Ave. Sp. G.
Hanging %Wall
Slate 10 £.08«2.78 2.44
Upper iron formatiom 30 2.33-3,.22 2.78
Grlwalh 238 2422-2,T) 2.82

18



%o, of

Mﬂgﬁ!en 8.&1“ m m' Ez; 2:

¥ain Iron Momation

Mrraginous cheyt -] 2.88-2,70 2.8

Thin bedded 1, e 4 3¢18=3,50 .32
Footwall

Variegated slate 4 2.34-2,83 3.6

Quartsi ts 9 2.81-2,73 2.84

Dolomi te 8.84-3,88 2.85

Unclassified 4 2.41-2,58 2460

The deseriptions of the locations whore these samples were taken are
not svallable, ‘ﬁxu author belisves that, 1f more ssnples wers taken of
e hanging wall slate, & higher aversge density would be found, Throe
af the 10 sarples had a :mtric gravity of greater than 2,7.

The gravily ploture cver the sotive portion of the North Range is of
importance as thoe geology is fairly well known, and relations tha® hold
here can b used to explain ancmalies in rdjacent areas. The station dene
sity is not great emough to 20te the smaller folds, but only the major
struotures., It is noted that broad positive gravity anomalies are ssso-
siated with synelinmal structures while sharper positive ancemlies are asso-
clated with the steeply dipping flanks of & strueture and sreas of tight
foldirng, Anticlines seam to produce negetive anomaliss as the lower den-
sity quarisites asd schists are Bdrought mearer the swiace and a portion
or all of the danse iron formmtion is removed by ercsion. This is 111:::-:
wated in seotions 8, 7, and 17, T.468, « R.25W, A synoline exposing the
Lower Slaty and Lower Cherty members irends southwestsrly from Yahnamen
Lalm with quartzite expossd at ¢'e erosion surfzoe on emch flank, Craviiy
rellef of two milligals is 2een betwsen the positive anomaly: over the axis

of the synolime and the gravity lows over the adjacent anticlines.
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The positive gravity anomaly in the Rabbit Lake area is again
assoclated with a8 synclinal structure., The anomaly is sharper
and of greater magnitude than noted elsewhere because of tight
folding within the structure.

The contact between the Virginia formation and the Biwabik
iron formation has been mapped (Grant and Wolff, 1955, pl 1) at
the north edge of Crosby striking northeast. A low magnitude
positive anomaly follows the contact towards Rabbit Lake. The
negative gravity anomaly through Serpent Lake to the immediate
south could result from monoclinal folding of the iron formation
under the slates if Grout's concept of the structure is assumed.
However, if Schmidt's geologic section is correct, this is an
anticlinal area and a négative anomaly is expected. 1In order to
substantiate either structure, detailed traverses across the
area are needed to determine the magnitude of the anomaly and
the gradients,

The main gravity feature 1is a narrow positive anomaly ex-
tending from a broad positive anomaly south of Brainerd north-
eagstward through Aitkin and extending eastward for an undeter-
mined distance. The axis of the high is centered between the
South Range and the iron formatiorn at Bay Lake. Again two
interpretations are possible, one based on the geology as seen
by Grout and the other based on Schmidt's geologilc section.

This gravity feature and geological evidence presented by
Grout would suggest a syncline where the Virginia slates, less
dense than the Biwabik but denser than the underlying Pokegama,
lie in 2 basin of thinning Biwabik iron formation. The second
order anomalies are due to folding within the syncline. South-
east of Brainerd the positive anomaly divides into two highs

separated by a shallow negative anomaly. This suggests a rather

20



promounsed anticline within the synelimel structure, The offset of the
positive anomely through seation 1, T.448, « R, 31V, to the south of the
geologically mapped synolins of the 8outh Rangs iron formation 1s caused
by the steep south dip of the axisl plame of the syncline, A seoond high
atriking southwest through seetion 31, T.488, « B.28%, shows evidense that
it omy, south of the rap ares, swing esstward through esutrel Mille Laos
to partly enclose the large nsgative sanomaly north of Uille lacs,

The anmmaly south of the South Range can be duplicaved with caloulas
tions based on Sahnidt's geologle seckion. Assmning the BSorth and South
Range are the sase stratigrapbic horizon, az antielimml strusture is
present betwsen the North and South Ranges with the iron formation removed
by eresion leaving slates and siltstones st the srosion surface, The
South Range and the iron formation st Bay Lake are the north.anrd scuth
limbe of a synclins containing a section of dense ferruginous slates whioh
give rine %o the anmmsly. The rather pronounced gravity low which ig oxe
peetsd north of the Jouth Range is not indlostad dut the formation here
nay be demsey than expested,

The large negstive anomaly north of Mille Lacs may result from an
antielim} strocture and is poesidly related % an aeidie intruaive,

There is little geologie evidenos to support the latter idea, The nega~
tive anomaly oan bde duplicated by & theoretical acidie intrusive m;
adout 200 feet below the surface, 15,000 feet thisk, and roughly oireular
with & diameter of 18,000 feet. A density contrast of 0.15 s assumed.

Iron formation, samewhat similar to that of the Horth Rangs found in
section 19, 20, and 30, T.46NH, « R.25W. assoeclated with a quartsite, may

be the south limb of the suggestsd anticlime. Although this quartsite

21



does not resemble the Dam Lake quartzite, Harder and Johnston
suggested a quartzite, stratigraphically lower than the iron
formation may run from Dam Lake to near Bay Lake (Harder and
Johnston, 1918). The iron formation is probably cut off to
the east and to the south under Mille Lacs by intrusives,.

There i3 a second order negative anomaly associated with the
quartzite which outcrops at Dam Lake., The positive anomaly
south of Dam Lake is probably associated with basic intrusives.
Additional gravity coverage is needed east of this region.

North of the Mississippi River the gravity picture is less
interesting. The contouring of the broad positive anomaly about
10 mileas east of Bmily is questionable because of the few
gravity atations established in the area. A thick section of
ferruginous slates could produce the anomaly, The contact of
the iron formation and the slate is believed to strike south
through this area in a series of folds and then to swing north-
eastward towards Pallisade towards the gravity high mapped in
T.49N. - R.25W.

Between Crosby and Emily the gravity trends generally
follow the iron formation. Gravity work north and east of
Emily would be of interest as geological maps indicate folding
of the iron formation similar to that on the Cuyuna Range.

North of Pelican Lake, T.137N. - R.28W., there is a pro-
nounced positive gravity anomaly, probably caused by a dolomite
stratigraphically lower than the iron formation. A negative
anomaly begins north of this positive anomaly over what may be
a granite area. Since only one traverse was made to Pelican

Lake, the trends could not be contoured.
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Interpretation of Magnetic Data

The Geological Survey has available aeromagnetic maps
covering the portion of Crow Wing County included in this gravity
survey. A comparisgp of the gravity and magnetic anomalies
helps substantiate the gravity interpretation.

The magnetic picture over the active portion of the Cuyuna
Range is not too clear because of the one mile spacing of the
flight lines and because of the complex structure of the area.
Areas of enriched ore may be less magnetic than fresh iron for-
mation as & result of oxidation. Facies changes often make it
impossible to trace some magnetic members more than a few miles.

A narrow, high magnitude, positive magnetic anomaly is
associated with the South Range member. South of Brainerd the
anomaly divides into two parallel positive anomalies where the
sydcline containing the South Range member apparently broadens.
A positive magnetic anomaly occurs to the north of the iron
formation found at Bay Lake. This offset 1ls expected if the
iron formation dips northwest as the south limb of a syncline.
Also Grout believes that this iron formation may represent the
lower part of the Lower Slaty member of the Biwabik (Grout and
Wolff, 1955, p 88). 1If this is correct, magnetic beds strati-
graphically higher would occur further north. The magnetic
expression of this iron formation can be traced about six miles.

A rather broad positive magnetic anomaly exiends from T.43N.-
R.29W. through T.44K. - R.28W. and probably through the negative
gravity anomaly north of Mille Lacs., A portion of the magnetic
anomaly is due to intrusives north of Mille Lacs, but to the
west 1t is difficult to explain as it does not correlate with
gravity trends, although it does correspond roughly to an area
of gneiss mapped by Woyski (1949, pl 1).
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A narrow positive anomaly closely follows the Mississippi

River north of Brainerd. Although no
in this area, the auther feels that a
accuracy would reveal a low magnitude
indications imply a western extension

the active portion of the range.

24

gravity anomaly was noted
gravity survey of higher
anomaly. Geological

of the iron formation from



CONCLIBICHB

e following conslusions vere drawn from the results of this inves-

tigations

1. The South Range is assoociated with s synalinel structure either s a
stratizraphlioally higher iron formation in an elongatad trough of
Biwabik iron formation op, sssuming ors iron formation, as the north
limb of & syneline, the scuth limd being represented by the irom
formation at day Lake.

2. The pezative gravity anomaly north of Xille Lacs is the result of a
granitie intrusive,

3. o gravity anomaly i{s notsd between the NHoyth Range and Brainerd al-
though magnetic dats and geologieal conmidearation suggest a westward
“extemsion of the Horth Range iron formation.

4. Gravity provides an exocellent msans of prospecting, both on a regioml

and local scale on the Cuyura Range.
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