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A Brief Report on a Part of The Keweenawan of Wisconsin

1The area with which this.report is-chiefly concernrned is in. Burnett
County in the valley of the St. Croix River in northwestern Wisconsin
end is Qomprdsed of Twps. 40&,_Ranges 13, 14, 15,-16,.17,-18W; Twps.
39k, Ranges 13-19% inclusive; Twps. 38N, Ranges 13-19W ihélusive; Twps.
37, Ranges 15-30% inclusive; Twpe. 36X, Rauges. 16280W inclusive; Twps.
35N, Rangesrl7, 18, lSW}'and Twps. 341, Ranges 17-18%. The-subject is
the structure of the liiddle Keweenawan rocks. ‘The study was undertaken
_ in_brderrthat the writer might become more_fémiliar'with the ipterbref '
tation of magnetic data. o ”

Thé Wisconsin Geological and Natural History Survey allowed the
wriﬁer free access to their records and the writer_wishes'to eXpress |
. his gratitude for this courtesy. The study'could'ﬁot have been made
" without it. Mr: H. R. Aldrich of the Wisconsin Geological Survey also
_éave frgely of his time and.smoothed many of thé'difficulties éﬁcountered.

There are few exposures of rock in the Burnett County area and the

interpretations are, for that reason, chiefly bssed on other considerations,

' Z.the most important‘df which are the magnetic-profilest The'basic

igﬁeous characfer of the iava.flows of the %iddle Keweenawan make még—
netic mefhods particularly applicable'

Over most of the area the magnetics are poorly defined &rd, of
themselves, inCOnclusivé. The aréa, however, is nct an isclszted efruc—
tural unit, but a part of the Keweenawan éyncline which extends S.¥.
~from Chequamegon Bay, curving to .the south.as it extends into kinnesota,
the synclinal axis probably crossing the St. Croix Rivér somewhere in
the vicinity of Wolf Creek. 1+ is evident that the structure of'thei
érea under eonsidération. must- fit into the general picture as one of

the units mzking up the whole. The 'Middle Keweenzwan hae been studied
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_inwsther.districts where there ere more outcrops or_the magnetic data
ffwas found to be.more indieative of the underlying strﬁcture; It ie
proposed here to fellow these structures toward the area to be considered.
_The obscure magnetics may then take on new significance.

The south limb'in_theineighborhood of the Gogebic Iron Range in
Wisconsin has been ably discussed by Aldrich(l) in relation to the
major Lake Superior syncline. His summary statement of the seguence
of events are:

. - ¥3. The formation.of this Geosyncline was caused by the down-
“warping or foundering into the magmatic chamber ‘whence the &iddle
Keweecnawan lava flows had come. .

"4, The foundering took place at different rates along the axis
of the main fcld. It began earlier, or took plsce more rzpidly, or
continued longer, off to the northeast of the region under discussion.
(Gogebic Iron EKange

"5. As a result of the differential foundering, considerable
movement having taken place to the northeast while the horizontal posi-
tion was maintained to the southwest warping under torsional stresses
became effective.

"8, One principal result of the torsional stresses was the devel-
opment of two subordinate, cblique, structures on the south limb of
the ultimate structures, a syncline striking slightly east of north
(15 degrees-30 degrees) and a monocline or anticline immediately to
the west ana striking 60 degrees 70 degrees west of north. The
comparatively complex folding in the Huronian west of iellen on the
Gogebic was due to this early stage of deformation.

- #7,. Simultaneously wikh the subordinate fodding, the combination .
of torsional warping stresses and normal compressive stresses -incident
to the main synclinal development gave rise to strong thrusting up the
dip. The Keweenaw Thrust of Michigan was initiated at this time. It's

western extension has probably been found in Wisconsin, where it cuts
steadily deeper into the series, first bevelling the Lower Keweenawan
sediments, then the Huronian. This is accountable for at least a

part of the bevelling of the Huronian west of Mellen which was formerly
believed to be due entirely to erosion.

"8, Upon subsequent foundering along the main axis in the south-
west, the dsvelopment of the major structure was complicated due to the
presence of the two subordinate, oblique structures. These latter in-
habited the normal differential movements between the lesser units of
structure, i.e., the individual beds or lava flows, and themsclves
functioned as the units releasing the compressional stresses by differ-
ential movement up the limbs of the geosyncline.

9. As a result of the accumulation of stresses in larger units
of structure, failure took place on a correspondingly large scale.

(1) Aldrich, H. R. W. G. S. Bull. 71-1929 "Tre Geélogy of the Gogebic
Iron Range of Wisconsin.® '
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Whereas, in a normal syncline individual beds may move over one another
- through differentials of distance inappreciable except in the net

"~ .result; in the present instance these differentials were integrated
and the movement was great. The movement took place as a second series
of major thrusts, of which the lake Owen Thrust is the outstanding
“example.

#10. During the perlod of control of deformation by the torsional
warping stresses, tensional fractures were developed with a strike
approximately normal to the axis of the minor syncline, or parallel
to the axis of the anticline. On later adjustments, during the foun-
dering in the region to the southwesti, there was movement along these
fractures, and the differential tilting took place, in part by these
fault block uuits....."

It may be seen from the foregoing that the simple major structure
became more complex as it gfew. The great thrust faults and the cross
faults are features to be.watched for farther to the south. As one
follows the south 1limb of the geosyncline to the southwest the width
of outcrop increases and the dip flattens. It would seem, then, that
to the southwest the deforming stresses were not as intense as they
-were near idellen. The general trend of the Middle Keweenawan outcrop
belt is nearly'east—west between Eelleh and Drummond. From Drummond
it turns southwest. The lines joining the crests in the magnetic
profiles aléo curve arouna, paralleling the strike. In the vicinity of
Totog&tié Lake the strike as shown by the mzgnetics is-app:oximately 7
'N30E. As the magnetic crests sre followed to the southwest they swing
more westerly until in T42N-R11W, NGOE is the trend. It is interesting
and significant to note that the magnetic lines are not smooth curves
but more like a series of long dashes. The breaks where the parallel
dashes change direction lie more or less on a straight line. This is
suggestive of cross faulting of the type described by Aldrich in the
Gogebic(2).

In T41N-R11¥W the strike is about N75E and the suggestion of cross

faults persists. In T41K-R13W the northern boundary of the limb swings

(2) Aldrich, H. R. W. G. S. Bull.71-1229 *"The Geology of the Gogebic
Iron Range of Wiscousin." ' )
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'moré.southerly again. This brings the south 1limb down to the area

-,iunder discussion; |

To su@mariée the northeastern extension of the south limb from
the Aréé'to-thc'Gogebic Wé may. say that thé efféct of the_Lake'Owen
thrust on the magneticé becomes legs and less noticéable to the south-
.west_until it dies out. 7The magnetic linés curve ratiher steeply-to the
south and "flsre out" with the width of outcrop. then they.trend moie
westerly and-converge-agaiﬁ &s if the dip was Steepening} There is |
another curving to the south &s the formation'entefs the irea. " In the
.~ whole distance ihere;are Suggestibns of crgss-faulfing. 'Disregérdiﬁé_
the faulting for the moment, the msgnetic data for this portion of the
limb is sugésstive of a shzllow minor syncline'trenﬁing zcrcss the
regional structure of the synclinal. This interpretation fits very
well with the obliqpe antibiinal which exists ta the northesst as
brought out by 413rich(3). As the traverse lines pass;gfﬁiff;_*ﬁ; 5
- Keweenawan to the south the magnetic profiles become-sﬁooth except in-
-a few places whefe anomalous magnetic aftractions occur south of the
boﬁndary. These anomalous attractions furnish thought for interesting
sbeéulatidn; but ﬁore‘than 6hé'bf several'interprétafions is equaiiy'f
applicable at present.

Beginning with the north limb of thé geosyncline in Western Bayfield
and Douglas counties let us trace the structure.to the south and west,

In T48N-RSW the mzgnetics indicate a strike a little south of east

for the traps. Appar=ntly they are nearly flat and are bounded on the
north by & strike fault which probably-ié a thrust.' Suggestions of cross

faulting appear in the magnetics giving this 1imb a saztisfying, siructursl,

similarity to the south limb.

(3) op. o1s.
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In T48N-R10W the topography and magnetics bear out the relation
_'of a fault contact on the north boundary of the traps with cross faulting
8triking east of north and offsetting the ridges of igneous rock. The
magnetic lines are offset also. The offsets trend in a general northeast
direction and give the magnetic shest a step like appearance. -The main
->fault along the boundary is expressed topcgraphically. The strike of the
flows is NB5E, dip 40SE. There are outcrops of sandstone between
diabase indicating a graben or reentrant in the nerth boundary; This
graben trends a little east of north. 7 | o

In T48N-R12W the boundary fault is exposed on Amnicon and Middle
Rivers. The Keweenawan lavas are seen to be thrust over.the Lake Shore
sediments. Near the thrust fault.the‘sediments are rertical to orer-_
turned hut their general position is flat lying. The fault_seems to be
- a series of small breaks, giving'the main fault a ragged.cutline. - On
the Amnicon River 1t strikes N70 degrees E and dips 38 degrees SE In
- section 35 on Middle River the strike is.  N6SW and the dip is about 4R
degrees S. Thus the fault line is either curved oTr we are dealihg with
‘more than one set of fractures. Outcrops show that the main fault has
been'cffset in minor amounts. Wells were drilled. 1nto sandstone in
sections 35 and 35. There must be a southward indentation'here_in the
traps. Gabbro, felsite, and red rock outcrop in the township to the
south. “hey are intrusive into the flows. The magnetid lines in T48N-
R12W are convex to the north, paralleling the boundary and checking the
reentrant of over a mile in sections 25 and 35. These curving magnetic
arés may indicate a minor syncline. _

In T47N-R10W the outcrops in the Poplar -River indicate.a flattening
of dip to the south. The magnetic lines areroffset as the strike

changes from northeast to nsarly east-west. One of the conspicuous

breasks strikes K20E and shows an offset of one-fourth to one-half mile.
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-The syenite in the‘Popiar Miver section may have been intruded into
“such a fault zone. _

The ‘dip is.flatter in T47N-13W and in the western part of the
township the strike is gbout east-west. <4he northern cénfact is marked
by an escarpment-which can-be traced east and west through several
townships.-iIt_probably marks an overthrust. In*éectiqns 17 and 18
CTross fauiting is suggested by the magnetic lines. The fault strikes
N 15-20 W and there is a slight break in-the range along this supposed
fault. . B | : o o |
 In T47N-R14W thé“Black'River flows over Manitou'Félls,'which marks
‘a fault contact between the flows and Lake Superior sandstones. The
volcanics strike' N 53 degrees E and dip 45 degrces SE. The sandstone
.dips 60 degreeé N'af:the Qontacf and is horizontal away frﬁm it. *‘he
sandétone is broken near the contact and the flows are brecciated and
slickensided. The slickensides énd the upturning bf the younger sand-
stones show that the sediments have moved dowaward relative to the

Middle Keweenawan. The Black River follows a transverse fault. Out-

"._crops show ﬁhat the iocks-on the east side have moved about 250 feet

northwafd relative to. those on the ﬁest bank..  The éfrike df the traps
changes from easf west in the east parf of the township to N53 degrees E
in the west portion. *he dip ranges from SO—degrees-54 degrees SE.
Magnetic lines parallel the strike very closely. Acidic intrusicons are
present in the flows. )
From here southwest to the state line the evidence is less clear
but the data to the east are certainly strongly in favor of a great
thrust fault boundary to the Keweenawan eruntives. The throw of this

fault in the Middle River secction is at least 3,000 feet(4).

(4) Thwaitecs, F. T., "lake Superior Sandstones" W. G. S. Bull. 25, 1912
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" From Solon Springs southwestﬁard the magnetic lines and observed
'_ strikes are extremely uniform; ihe trend is about N.42 degrees E and
the dip is flat (about 13 degrees SE). | | |

In Douglas County, between the northern boundary gnd the'unifofm
magneticsrsouthwést of Solon Springs, is an area of weak and iiregular
magnetics. Outcrops are rare in this non-magnetic éfrip and its-
interpretation is deferred until the Minnesota structure -has been out-
lined. A white friable sandstone is found in the_St.'Croix valley
near Riverside. It is believed to bé the Potsdam sandstone of Upﬁer
Cambrian age, and is unconformable on the levas. e | |

In Mihnesota, four and one half miies eaét of Hinckley, is a
location near which the boundary df the Middle Keweenawan passes. The
rocks are broken and shattered. The actual contiact is not visible. On
the one side of a.dry ravine is diabése and on the other is an abrupt
. escarpment of broken sandstone. Along the whole COntacf it is broken
into huge blocks lying in different_orientations.(é) .The_boundary
passes near Pine City; for a well on the westerﬁ shore of Cross Lake
encountered sandstone and the i¥iddle Keweenawan flows oﬁtcrop one and
three Qﬁariers miles away. Atfﬁinneapsiis'a well iéééﬁéa'grahifé éfj‘
2,150‘feet. A deep well at Stillwater struck the trap ét abbut sea
level or 717 fzet from the surfece. It is clear that the eruptives
extend at le=sst as far as Stiliwater after they disappear beneath:the
Palcozoics. The criteria for a fault boundary on the northwest are
not as many as one could cesire but it has long been believed that such
is the nature of the contact.

In 1927, traverses were run by the Wisconsin Gzological Survey in

Pine County, linnesota. Upper Cambrian sanastone is known-at Hinckley

(s) Hall, ¢. ., "Keweenawsn Area of Zastern Kinuesota" B. G. S. A.
Yol. 12, 1901.
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and just east ofinnckley-in T41N-R20W, Middle Keweenawan lavas dip
h45-50 degrees eastward. Subnormal dip needle readings were prominent
over these flows.  Both poSitive and negative crests were obtained
in T41N—ﬁléw- These latter variations appear. to be characteristic
of northwestward dipping flows which are known to exist on the lower
Kettle River. The aTea between these two types of variation, l e.
subnormals and positive and negative crests, is oractically normal
Normal readings were found east of the northwestward dipping flows,

and still farthwr east variable readings again indicating a dip to

'w,the southeast.- Flows in the non magnetic ‘area near the N&B T42N-

R17W were apparently horizontal. Magnetic traverses were not made
south of Pine City and little is known of the Keweenawan there.

Judging from road traverses run in Pine County, Minnesota, Hansell(6).

concluaed that:

' ¥1l. Eastward dipping flows near the boundary of the Keweenawan...
give negative dip needle variations.
"2. Northwestward dipping flows as exposed on Kettle River give

. positive dip needle variations.
#3. Between the negative and positive variations mentioned in 1 .

and 2 is a normal area, probably representing a synclinal basin.
4. ...East of the readings characteristic of the minor syncline,

" mentioned.in 1,-2, and 3, is another normal area which is possibly
"~ ‘underlain by. flat or very gently dipping flows.

"5. Apparently the dip of the flows bscomes steeper toward the
southeast margin of the limb of the syncline and magnetic variations

again become larger.
"8. The non magnctic area on the north limb of the Keweenawan

syncline in Wisconsin continues into Minnesota. In Minnesota, however,
there is a magnetic area within the non magnetic area which is possibly
due to northwest dipping flows of a minor syncline on the major limb."

_ The contact of the flows and the sandstones on the northwest
~margin of the limb is not definitely placed but secems to extend farther
west than mapped in the vicinity of Bruno, judging from the charscter

of the magnetics. In other words the bouncary is uneven and may be

(6) Hansell, J. K. Min. Road Traverses. Field Report #o W. G. S. 1927
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offset by faulting. The dips near Hinckley are steep to the southeast
(50 degrees). Near the houﬁh of the Kettle River the dips'are about
20 degrees NW. The axial plane of the minor syncline.dips‘about 7ONW
while the axial piane.of_the main syncliné dips steeply southeast.

The north limb of the éeosyhcline-givés a pictuie which fits Vefy
ﬁell with that given-by the south limb. The Douglas County Fault may
bé a'counterpart of the Lake Owen Thrﬁét'on the south limb. If such
is the case it would be interesting to find the counterpart of the

Keweenaw Thrust of Michigan. P0881bly the Duluth gabbro lies in such

a fault zone. It may be 31gnif10ant that no intrusives of any conse-f§~' 7f

gquence in the Keweenawan southwest of a line from Drummond -to Superior.
This line is an axis of considerable changs in the trénd of the |
geosyncllne, and constriction here may have closed the channelways to
invading magmas which came from the Lake¢ Superior Basin. *
 The wminor syncline on the'north'limb as delineafed by the area,of
-weak, erratic, or normal atfractioﬁ is a considerable feature. it |
extends southwest from Lagkes Nebagamon'and Minnesuing; past Belden
and uloverton on the state line, to the 1ower reaches of Kettle Rlver.
When the forces, which 1naugurated ‘the great thrusts,'acted thlS minor :
syncline was formed as a flexure on the 1limb of the main structure. Its
orientation parallel to the strike fits this theory. Being on the
outside of the bend, the stresses were not so concentrated and.infensé,
and adjustment was accomplished,'in-part, by the formation of this
wfinkle. If deformation had continued the fold undoubtedly would haﬁe
passed into another thrust. |

Cross faulting, especially in castern Douglas County, occurred
in the later phases of adjustment just as the cross faults on the sopth

limb did. Southwestward from Solon Springs and Gordon, the cross

fsulting is either less prominent or absent.
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We may éttempt, now, to0 fit the Burneti County Area into the picture.
| T40N-R13W
~ This towhship is on the south limb of the main syncline. There
aré no outcroﬁs in the towﬁship but geological boundaries can be
drawn on the basis of the-magpetics. Part of section 6 and the south-
eastern portion of the township are normal areas. Near the south
township line.magﬁetic variations Trcaprear. The magnetic lines tend
<o curve toward the south in the western poftion of the township.
T39N-R12W

In thié‘téﬁnship only”tﬁe Wéstéfnfpbr£i$n shgwé mégnefic variation.
The magnetic lines convérge toward_the center of section 8. This |
suggests the nose of synclinal fold plunging to the west. The only
outcrop in the @agnetic area is a red quartzite which has been correlated

~with the Barron quartzije_énd is of unknown age. If the guartzite is
. Huronian the attractioﬁ-may bé due to folded, interbedded, iron formation.
It is impossible to make a definit¢ determination until more is knbwn;
T39N-RI3¥ |
‘_Tbere are no outcrops in this township to Chéck.thé conclusions.

*dra%n from the mégﬁefics; Well ﬁarked;%vaiiable andlﬁbsitivermégnetié
lines, convex te the east, -are present in the eastern portion of the
township._ Cutside of thie zortion the readings are negatiﬁe and weaker.
Near the S.E. 28 sandstone was =ncountered in a well and guartzite
fragmen*s are common iﬁ sections, 12, and 13. In his report Hansell(7)
cays:

" It Las been suggested that this formation (¥idile Kew=enewan)
extends into tkis township, perhaps folded or faulted east, and that
the pighly verisble readings in the sorthesst corner recrzsent & sharp
fold in the formation. Tris is possible but it is difficult to imagine

& thick resistant formation cnch as the Middle Keweenawan folding into
¢ narrow fold such as is inaiccted by the magnetics. The fact that the

(7) Hansell, J. M. Township Report for T39H-R13W 1929 W. G. S.
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magnetics die out to the west may mean that the fold is plunging in
that direction."

Upper Cambrian sandstone is believed to exist to the south and
may blanket the west part of the township. It is pbésible to explain
the strong magnetics by supposing a buried, fblded iron formation, or
an intrusicn of ignéous rock. -Admiftedly, at least some of the crests
are local but it is not likely that'magnetic crests would'align them-
selves as well over an intrusive.

T40N-R14W

Lack of outcrops is &agdin a hindrance-in_T4QN-R14W; _ThéagraQual
onset of magnetic vafiationé as ohe travefséé éouth.from the.hormal,
northern, part of the township indicate north dipping fiows. Thé
magne tic lines strike K45 degrees;BO degrees T in the eastern, and
NBOE in the central vart of the township. The contact of the Middle
and Upper Keweenawan is offset in section 30. 'On the basis of
magnetics two transverse faults may be posﬁulated striking east of
north. The change of strike comes at these faults,

T39K-R14W

The crests in the wesﬁernApart of the townsﬁip line up at N75E
but in sections 3 and 10 they line up at N65E. Tast of a line from
NE4 to Si35, which line lies along a depression occupied by Benoit
and Rice Lakes, the Yellow River, and a narrow valley in sections 28
and 35, the magnetic lines strike 140 degrees E. Although this line
is not an extension of the fault postulafed in T40K-R14W, it étrikes
the township line at nearly the same place anc is suggestive. This
township occupies & topegraphic lowland and may be underlain by Upper
Cambrian sandstone.

T40:-R15W

The magnetics show that the Middle Keweenawan is rresent only in
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_the:southern part of.the townéhip. The_boﬁndéry strikes N75E.
o | © T39N-R15W |

The magnetic attrgction is less well marked in the southern
‘portion of the township than in the northérn part. -The lines joiniﬁg
the crests are quite uniform in a N75 degree E direction. Cambrian
éandstoqe is known to the rorth and south of here and as the absence
of outcrops, and the well rébords show, this township is on a lowland
or depression.in the iiddle Kecweenawan. - This depression may be flooied
ﬁith Cambrianrsediments. |

| | | T4ON-R16W

The magnétic variations in this.township‘are unlike those in
'othér townships. They are long dréwn out rises of a few degrees
-above normal and some are several miles long, with no distinct_crests.
.Such magnetice are not. easily interpreted in terms of underlying | |
structure. Ehis'township lies in thé frough of the synclinal and
would be expected to bz normal. The readings, however, are not normal
and there must be .some faulting, folding, or erosional features to
‘7aécouht_fo;'the magnetic variati?n.__lt is likely that:the‘flows are
nearlylfléf lying'ih the trough,bénd é-bulging up'6f ihé:fioor;:ﬁﬁidh”
was subsequently scgrred by ercsion, might accouﬁ%“ggr the phenomena._
If such is the case the uncertain magnetic lines: probably tend to
follow erosional highs rather than the true strike. These highs
or lines trend in the general direction of the synclinal axis.

T39N-R16W and T39N-R17W |

Just to the south of T40N-R1l6W in the northern part of T3SN-R16W
there is an area of nocrmal rcadings. The remainder of the township
produces variable readings. The strike of the maénetic lines is -

nearly east-west. The dominant rcadings are positive and experience
has shown tpa this indicates northward dipping flows. 1In the
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western portion of T39N-R16W and in T39N-R17W the crests form north-
ward_curving'arcs. If these indicate the strike there may be a
transverse break near the-east lines of sections 27 and 34. It.is
possible that the beds-flatien in the northern part'of TSQN—RlGW and
bulge up slightly in T405-R16W to give the variations found there.-
T4ON-R17W |

This township has no outcrops but there is a magnetic aréa in

the northwest part of the townéhip. The boundéry of the magnetic

area strikes N40E and agrees welljwith the strike of the traps on

the north 1limb of the éyndline wheré"they are éipoéed.to"fhé'north;zi.=7'
east. Just what this means in relation to the variation in T40N-
R16W is not cieaf. The north curving magnetic arcs to the soukh
indicate a nosing out of a northeastwafd pitching syncline;.'The
actual oﬁtcrops of the Middle Kewéepawan, however, are knoﬁn for_é".
considerable distance to the southwest. it would séem¥fhat there;is
an anticlinal axis or.saddle crossing the trough here.

From here westward to the St; Groix River the_countr& is topo-
graphically low and nearly normal magnetibally._ There are no out-'yi
crops of igneous ﬁat&rialiih'hére'bﬁf there'aie @né bf.fwd;éipdéﬁiés'ﬁr
of Upper Cambrian sandsfone near the St.-Groix River.

T38H-R1BW and T3EN-RL4W

.Subnormal readings, éxcept in the northwestern corner, of T38N-
RlSW.indicate tﬁat the basic effusives lie to the northwest. The
magnetics in T38N-R14W are very weak. If-present the lavas must be
bencath a thick cover.

T38N-R15W
Cutcrops and well records in this and neighboring townships show

that the Keweenawan had a rough erosion surface before the Cambrian
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“was'deposited. The aip needle readings 1n-T38n-R15u are not strong
'?anﬂ there Goes not seem to be a simllarity of crests on adjacent
.traverses, ‘The southern boundary is drawn through a change from
variable to-éubnbrmal readings. Outcrops occur in T37N-R18%. The
weak&ning of the magnstics and lack of outcrocs indicate thzt T38N-
3R15W lies on one side.cf the depression c¢r pre Cambrian lowland that
extends through Twps 39N-R14 énd 1EW, Lakeé Bass, Pokegame, Warner,
and Viola, arefthe only.suggeétions'of rock control of the present
topogrzphy.
o N = T38N-R16W

Although the trap surface is not as rough here as it is to the
south the well records and outcrops show & rough preglacial surface.
The strike on thé weét side of thes Clam River, in T“?N R16%W, is NS“E
and on the east siée it is NB8E. The dips are 15—20NW. The Clam
River probably‘follows a fault. Relafive to T37N-R16¥, this tcwnship
lies on a robk lowland and Upper Cambrian sedimenfs frqm T37N—R16w
may cover all of T38N-R16%W. A 1iné from 400 paces east nf Si34 to-
500 paces rorth of NiB is & “rogection of & feult from T37N-R1Z¥.
" This line parallels the topographic tresk between the sand'plain
and the till. East of this break the magnetic lines agree within
two cegrees of the strike measured east of the Clam River in T37N-
R16W. West of thié break the mégnefic lines striké NB2T znd parallel
gimilar lines in T38K-R17W. Thére is @ discordance of five to s=zven
degrees between the magnetic lines and the strike msasured in T373-
R18E west of the fault. The crests in this township, T38E—§IBE; are
iow and wide;

T38N-R17¥

There are no outcrows in this township. Thes magnetic variations
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~are weak and irregular. N
T38li-K18¥ and T38R—ﬁ19%

These townships are normal magnetically. Some weak crests
through sedtions 5 and 8, in T38N-R197, have been lined up. This
line of crests closely parallels the trend of the non-magnetic area
across the St. Croix River in Hinnesbta. T38N-R18# probably lies
nearly on the synclinal axis of the main trough.

T37N-R15W

The only outcrops in this toWnship occur in section 7. Well
records show séndstones iﬁ the southwest corner and'nOrfhe:n.hélf
of the township. In the southwestern corner dip needle readings dre
-subnormal. Northward they change abruptly, giving a wide positive
crest. A line connecting the normal readings between the bositives
and subnormals strikes N72E from 250 paces éouth and 500 paces west
of the NW30 to 600 paces easst of the SE16. This line ié taken as
.marking the strike and the Southern‘margin of the ikiddle Keweenawan.
This margin is not a grojection of that in T37N-R16%. The lack of
coinqidence is explained by a fault which hasrmoved_the outciops belt_-
to the northwest in this township. The valléy'of7thé South Fork @f fhe:
Clam River in T37N-R16W may follow this fault. Other offsets in the
magnetics in this township are similarly interprested. |

T37R-R13¥ 7

Korth of a line from SE34 to nesr the E425 the Tock is Miadle
Keweenawan while to the south it is probably Upper Cambrian. This
bouniary is based on magnetics. The readings to the south are sub-
normal. The Keweewnawan here has consideraﬁle reliéf and there may
be Cambrian sediments in the rock valleys. Strikes were measured in
eight places. All but one are hB3-55E. The exception occurs east

of the Clam River in sections 12 and 13 where the strike is N58-63E.
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West of the Clam River the dip is 14-16¥ while east of the Clam it is

17-20W. .The southern margin has a trend of N55E but in T37N-R15W iv

changes to N77E. A transverse fault is postulated from near the NzZ25

- to about 400 paces east of N&s."Thé South Fork of the Clam River

follows this line in general. Closely spaced fractures striking NS6W

appear near the S47. A fault projected from T36N-R16W comes within

800 paces of here. There is not a great deal of similaTity among the

Qrésts on adjacent traverses. It is thought that the influence of -
rock toﬁogfaphy is reéponsible.
AR R TB7N-R17W
The nortbwestern portion of the township is a preglabial lowland
ﬁhile the area to the south is a rough uplana. The subsurface rock

topography has a maximum relief of at least 300 feet. The flows have

‘a monoclinal dip of 10-20 degrees west in the wes&érn parts of sections
19 and 30. The strike is N63E, the same as in the adjacent ‘part of

,TS?N?RIBW} In the main belt of outcrops strikes are N30E to N48E, the

average, N3SE, being the same as the township to the south. 1In the

.. eastern portion'the_magnetiq lines trend about N40E. The areal

" distribution of outcTops trends in the same direction. ' TherTe may be

a fault in this township but if so it can not be so acchrately placed
as is the case in other places.
T37N-R18W

The prcglacial relief on the rock uplaﬁd in this township is more
than 200 feet. Outcropé are found only in the southeastern portion
of th: township. They strike N30-65E and dip 18NW. lagnetic lines
check this strike. There is a line of sirong subnormal crests from
200 paces west of S%B to the KEl. There is another line of subnormal

crests paralleling this one from near the SE28 to n=ar the NE25. The
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northern line is away from the oﬁtcrops and there is nothing in the
well records to indicate a buried ridge. Dickinsoﬁ(s) suggested a
feult parallel to the strike. On.the'south limb positive crests are
usually more easily traced than negative ones.
- T37N-R19% and T37N-R20W

The Keweenawan effusives do not outcrop in thesé towhships. A
few outcrops of white friéble quartz sandstone were discovered. The
sandstonz is apparently flat lying. In T39N-R19W_a similar sandstone

overlies Keweenaﬁan which dips westward at about 7 degrees. There is

one magnetic line in these townships extending from 400 paces north df'*;f 

E£3 to 400 paces east of the 8&32, T378-R20%. It is a pronounced'Désifive

crest. Thé strike ofrthe line is ﬁZZE. The appeaiance of this line of

crests in an otherwise ncarly normal area may mean an abrupt change of

dip, a fault, or an unusually thick flow. In either the first or_fhird

alternative the line shoulad approximate_the strikz of the formatibn.
T36N-R1W |

Trap rock forms an elevation in the west. A line striking N5OE

© from 300 paces south of NE31 with northwest offsets of about one half

mile at K29 and E$16 and a mile offset in sedtions 2 and 3, and
passing out of the township at kES marks the boundary'of variable
readings. The offsets probably mark transverse faults. The strike of
the-fiows is ¥50-58E and the dip is 10-18W. There is a lack of
similzrity of crests on adjacent lines, which may mean that the
individual flows are discontinuous. The rough preglacial topography
probably is the most importent cause of the discoutinuity. The abrupt
change in the resaicgs at the succosed bouncary may indicate a steep

face at the unconformity like that at Hurley. The dial_compass shows

(8) Dickinson, C. G. Twp. Report for T37n-Rigw 1927, W. G. 8.
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& declination of 23 degrees cast on the sedimenis and 4-5 degrces
east on the flows. It is not known whether this is due to the
aistortion 6f the field over the inWS or to a westward pull south
of the unconformity. | |
| T36N-R17W |

There is a rock relief of 150 feét or more in this township.
The outcrops are bunchy. At E%19 strike is N3BE%; at 500 paces north
of cehter of 8 it is N38F; &t the NZ4 it is H40E; the'dips are 10-15N¥%.
In T36N-R18% the strike is N45-50F. In T37N-R17N the range is from
| N30-50E and in T34N-R1EW the'etrike-is'N4-8W.*lTne strike varies in
short distances in adjoining townships‘énd is thought to indicste
faulting. Thé ragnetics are of littlé aid in this towuship. Thers is,
hcwever, & rathér vegus line of.crests which may be praced gouthwest-
ﬁard from éeciion'l in & direction parallel to the_strike'fgfther west.

T36N-R18 | |

Thé relief on the rock surface is 200 feet in 200 paces in one2
locelity. 'OutCIops appear only in the eastern portion 6f the township.
In the N% of the NE of 1 the strike on an erosion surface is N71E. 1In
section 10 a fractufe cleavage zone éfrikesANZOW. A dolerite ﬁeih |
dipping scuth océurs in this outérop.. Différential movement is
suggested by ths quartz crystals from & dump neer E%lO. The strike -
in section 12 is F453E. At 500 paces south of the HE12 joints strike
N23T znd N87W ard 2ip 70%W and g6s respectively. In section 21 there
is & shear zone 400 paces scuth of NEZI, In sectisn 24 the strike on
an erosion surface is 58E, dip about i2X7. In this township the strike
chenges from HEB-70Z to K45E bstween-the northern part of section 1
and the center of section 12. South of section 12 the strikes are near

N4BE or more rnearly K-S. There is a locus of abnormality between
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sections 1 and 12. The nature of the abnormality is probably faulting
but its kind-and position are not easily féund. Dickinson(Q) was |
inclined to believe it represented an overthrust from.tﬁe north.

West of a line from NE3 to SE32 there is little magneticr
~attraction. If the strikes bé projected the flows should occur in the
west. One‘outcrop was found. Either erosion or faulting has reduced
the trap surface in the western part of the township. Topographic
lows and arcas of wcak or normal magnetic attraction coincide in this
township. One line of magnetic crests was followed NSBE; another N45E;
another N48E; another N51E.The magnetic lines followed are south of
the main éutcrdps. o

T36N-R19V and T36N-K20W

These two towunships ars practically normsl magnetically and

thére are no outcrops of igneous rockf
T35N-R17W

Probably éll of the township except the southeastern part is
underlain by trap. 7The boundary is based on magnetics.. The boundary
extends from the E5l2 to EﬁiB; is then offset éo thersouth, and
continues'with éame trend from 200 paces south bf'cehtef of 22'fp'

500 paces north of center of 28 and then is offset again to the scuth
into T34N-R17%. There is a dspression trending southeast from sé17
to Belsam Lzke. It may be a rock depression. The magnetic.crests on
adjacent traverse lines do not match very well.

T35N-R181

In this township thecre is a rough pre-Cambrian topography-with
a lowland in the corthwestern portion. The lowlénd may have & fairly
uniform eurface. The strike as mcasured at the SES is N1BE. A

(9) :
Dickinson, g, G., Iwp. Report T36N-R18Y, 1927 #. G. 8.




20.°

magnetic line in section 2 gives N20E. West of a line from the NES
to the N#31 wells failnto strike trap. Hansell(10) suggests the
poseibility of this being a fault.boundary between the lowland and
upland. |
| T35N-R19W

Trap underlies the township as is shown by the weak and variable
magnetics, by a superdip traverse on the east township line, and by
an isolated outcrop near the south line.

_ B T34N-R18ﬁ and T34N-R1OW |

The strike of the flows near the Interstate Bridge at St. Croix =
is Ngw and the dip 10W. Two shear zones may be seen above the Dalles.
Upper Cambrian sediments, separated from the flows by a conglomerate
carrying trap rook, lie in the depressions between the trap ridges.
“The magnetic crests are very wide and not'strong. " Linss drawn through
the crests do not agree with the measured strike.

We may now attempt to integrate the structure of the Middle
Keweenawan in the Burnett County area and fit it into the general
- scheme of the Keweenawan syncline. Some of the most significant
'featnres“are,. the sharp fold in TBQN—RISW, the anomalous magnetics
in T40N-R16W, the divergence of the magnetio lines in twps. 39 north,
ranges 16 and 17 west, and tmps. 38 north ranges 16 and 17 west, and
the offsets and abrupt changes of direction of the magnetic lines.

As has been mentioned the synclinal sank faster, or continued
longer, or began earlier to the northeast. If the same thing happened
to the southwest of the Burnett County area then a saddle or structur-

~ally high area would result where the least foundering took place. The

(10) Hansell, J. M. Twp. Report, 735N-R18% w. G. S.
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-evidence is in favor of such a theory. As the magnetic lines are
folloﬁedjwestﬁard through T39N-R15W, T39N-R18W, and T39N-R17W, they-
curve around toward the north 1limb as if closing around a syncline.

In TSBN;RIBW and T38N=-R17W, however,‘the lines continue to the south-

.west toward the St. Croix_Dalleé. The depth of burial in the barrené
alcng the St. Croix River is sufficient to mask mégnetic phenomenarthat
might confirm the theory of this saddle. This obligue, anticlinal,
struc%ure is the most important feafure_of the Burnett County area

for it must bave influenced the manner in which létEr,_or continued,

def@fmation t@ok'place. -Wbeﬁnfurther foundering took_piacéfthe'~*
Burnetf County aree would be subjected to stresses from both the
~northeast ana the southwést, aé well as.compression from thé_sides.
The longitudinal strésses acted-against each other but were not

precisely oppositely oriented. As a result the trough was subjected

to cbmplex warping stresses which caused adjustment,'in'both horizontal
and vertical directions, along breaks striking across the.st:ubture." |
The faults shown along the éouthern mérgin of the flows and the dne in
T39N-R16W may represent such breaks.r During further mqvemeﬁt each_of

these blocks tended to act aé a uait and differential tilting of the

blocks was accomplished. Since the longitudinal stresses act south ,
southwesterly and northeasterly respectively the saddle would be expected
to narrow toward the north limb. lore abrupt changes in dip would be

. expecied there also. In a resistant formation such as the iiddle

Keweenawan such conditioris would tend to introcduce complications. It
may be this complication which is manifest in T40K-R18%. This is
interpreted as a doms or secondary saddle which has been dissected by
ercsion and buried. Thz normal area in the southeastern part of

T40N-R17% would then represent a shallow basin of nearly flat flows.



22.

The magnetic lines in T37E~-R20W and T36N-R20ﬂ probably is parallel
'h:to the strike ana represents a monoclinal dip to the eoutheast on the
eastern limb ofrthe minor anticlinal structure that must lie between
here snd the non-msgnetic area in kKinnesota.

The lowland extending across tne south limb-in'T4ON—Rl4W, T40N-~
R15W%, -T39N-R14W, and T39N-R15W, must have been in marked contrast with
the highlandrto the west in earlf—Camerian time.  The eignificance of
this lowland is not plain -1t may represent a Wide'eroeiOn Valley-
;rwhich cut through the flaring side of the syncline along some plane of 7
'weakness or it may mean that the upland is an upthrown fault block

lhe sharp fold in T39N-R13W was outlined entirely ny the magnetics.
The quartizite in section 7, TZON-R12%¥, may be the Bsrron Quaftzite.
The age of the Barron is not definitely known, If it is a Huronian
quartzite then the attraction may be due to an interbedded iron
lformation. If sucn is the case the unexpected ereSts in;T37N—R14W
may be interpreted en the same basis. If, howevei, the quartzite is
stratigraphically above the eruptives then the fold must be in
Keweenawan material The way in Wthh the Keweenawan bounaary ties L
in with the fold makes the latter theory feasible. The fold probably
is ths result of the effect of the saddle on later deformation. It
is difficult %o conceive of the Keweenzwan lavas being folded in such
a manner when elsewhere they are broken rather than closely folded. 1In
T40N-R13% the south limb is narrow but southwest of the fold and in the
region of the saddle there is a great widening of the belt of outcrop.
This is aanatural conseguence of the differential settling which left
the saddle as a brace across the trough. Some breaking occurred as
shown by faults in T4ON-R14W and T39N-K1l4W,.

There is yet another significant feature which ic not well shown
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in the magnetics; The rather vague crests in T34N—R18W and across

' the northwestern corner of T36N-R19%W are at variance with the strike.
.fSimilar lines are T37N-R18W do agree with the strike of the formation..
Just to the south in T36N—R18W Dickinson(ll) indicated that there might
‘be faulting, probably thrusting, between sections l-and 12. These
magnetic lines show close degree of parallelism and it is not unlikely-
that they represent another system of faults at about“right_angles |
to the-cross faults. If such is the case'and they were initiated at

the -same time they probably are thrusts and came into being when

-adjustment was taking place'on ‘the cross faults. Whether or not it
is-of any significance is a matter of conjecture but these lines_tend
to converge toward the fold in T39N-R13W. Possibly the fold is the
result of the same conditious or'is their-connterpart on the northeast
 side of the saddle. The existence ofathese thrustsJis.a possible

-explanation and not proven fact by any means,

(11) Dickinson, C. G. Twp. R:eport on T36N-R16W, 1927 W. G. 5,
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SunmaTy

1. When- the Keweenawan syncline began to sink it foundered to
a greater extent to the northeast and to the southwest of the Burnett
County Area than it did in the Burnett'County area.

2. .Thie differential sinking gave rise.to various oblique and
cross structures of which the saddle in Burnett County is perhaps the
.largest.

'3. At the same'time the.combinetion,of oompressive stresses forming
:'the'maih syncline end the warping stresses due to differehtialrsinking,
Viceused thrusting up the dip. The Kewsenew Fault Ofsﬁichigan is an example.

4. A continuation of, or a later, deformation was impeded by .the
obliquehand cross structures and as 2 consequencellerger portiOns of
'“ithe trough functioned as units. The result was integrsted wovement of
_considereble mégui*ude. The Douglas County thrus+ which continues, in
all rrobe bility, many miles into Minnesota was begun at this_*ime.

5. Simultaneously, as a direct result of the cross structures

cwhich caused larger blocks to act ¢s units, cross faults were developed,

1'ellowing movement between these blocks, and differential tilting occurred.

8. The saddle in Burnett County, being subjected to stresses
from both th2. neorth=astvard pitching synclihe and the southwestwerd
pitching svnecline, developed further structurai corplexities, The
doming in TAOm—niBW, the folding in T39N-R13%, cnf the thrusts in
the middle of thz trough like that vostulated in T36H-K18%W, were
formed &s a result of the combination.

7. The minor syncline in Minuesota may be the direct result of
the stresses acting against the bulvark of the Burnett County saddle.

It lies at about right anglss to the szddle and is symmetriCally,
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located.

| g. Deformation must have contihued after or not-begun until; the
Lake Superior sandstones were deposited for they are involved in the
faulting.

S. Deformation and longrerosion must have occuried before the
deposition of the marine Upper Cambrian'fpr it is found unconformably
on the trap in the depressions on the limbs and far up the trough.

10. If the contact near Hinckley is a fault contact some move-
ment must héve occurred in Minnesota afier the deposition of the
Upaer Cambrian;l o | S e

11. The later'stages of the faulting must have been éithar'quite
recent or this syncline recently eihumed from ité Paleozoic cover,

<

Adarn .
<%pr the thrust faults are today topogrsphically prominent.
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