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ABSTRACT

Geologic mapping in the southwestern portion of the Fourtown Lake
Cluadrangle, i'1innesota was completed during the 1980 summer field season.
Rock units were recognized and -both local and regional structural
relationships were determined.

The main rock units are migmatites which

are complexly interfingered with leucocratic

~anites.

Rocks which

we~e

first mapped as "Undifferentiated Granitic Rocks" (Gu) were further
subdivided into a seCluence of units with east-trending outcrop pattern.
This seCluence is cut by both strike faults and north-northeast trending
faults 'dhich show a left lateral strike-slip componant.

These faults

all appear related to the Vermilion fault zone whicn is located just
to the south of the map area.
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INTRODUCTION
During the summer (1980) field season, the preliminary mapping
of the bedrock geology of the Fourtown l..ake quadrangle, Hinnesota
was completed.

Fleming and Lee mapped the central and eastern portion

of the -quadrangle during the summer of 1978 (Fleming and Lee, 1978)
(see Fig. 1).

i,rapping was extended to the north and northwest in

1979 by Heinz and Kocher C}1einz, 1979).

.!Juring I'lay through August

of 1980 there were two field parties involved in the completion of
the quadrangle.

rl:wert and !'larso completed mapping in the east and

southeast and extended their work into the Basswood l.8.ke S'H quadrangle
(;1arso and Ewert, 1980).

Smaglik and Sutton completed mapping in the

west and southwest portion of the quadrangle (this report).
Docation and geography of area;
The Fourtown Lake quadrangle includes parts of T64 and 65N,
Rll and 12W and is within both Lake and st. Louis counties.

The topog-

raphy is a mixture of gentle lowlands and rugged escarpments.

Most

exposures are found either along the lakeshores or on ridges and
knobs between lakes.

Because of poor drainage, lower areas are frequently

covered with swamps or bogs.

Distribution of the low areas and

the steep escarpments are fault controlled.

~any

of

Most of the hills and ridges

are due to resistance of the bedrock to glaCial erosion.
The Fourtown Lake quadrangle is in the limited-access Boundary
Haters Canoe Area and the superior Hational Forest, thus field work was
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Fourtown Lake Quadrangle
Flesing and Lee (1978)

Heinz and Kocher (1979)
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Figure ~. Areas mapped in the Fourtown Lake Quadrangle divided by party.
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carried out by canoe and on foot.

The abandoned Forest Road #457 ,

locally known as the ~loquet Line,. proved invaluable for access into
the area on foot.

;1apping was recorded on the standard U. s. Geological

Survey seven and one-half minute quadrangle base.

Aer.i al photos were

used both for location and geologic interpretation.

structural data

.las collected using Brunton compasses.
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Previous Work:
~rior

scale.

to 1978, mapping in this area had been done only on a general

Southwick (1972) mapped the Vermilion Grani te-i'1igma ti te Massif

and the Fourtown Lake quadrangle lies along its southeast margin.

This

ma'ssif, the largest plutonic complex in Minnesota, has been dated approximately 2.7 billion years old (Goldich, i972j.

It is believed to have

been emplaced dUring the Algoman Orogeny, wnich is designated as the
dividing line between tne Lower and Hiddle ?recambrian systems in Minnesota
(Sims, 1972).

'f he Lower .Precambrian volcanic and sedimentary sequences
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were deformed, faulted and metamorphosed during this orogenic event
(Sims, 197 2 ).

The Vermilion fault zone transects the southeastern corner

of the quadrangle and the faults in the Fourtown Lake quadrangle are chiefly
splays from this zone.

A more detailed review of t~e Lower ?recambrian

of this region can be found in Sims and 110rey (i.97 2 ).
Fleming and Lee (197 8 ) distinguished seven mappable units wnich
formed two groups of rocks.

The oldest group was composed of amphibolite

and schist and the younger was of granitic rocks and migmatites.

These

units form a nor.t heast-trending pattern wnich is offset by more northerly
trendin5 faults.
intrusion.

They also recognized at least two episoies of igneous

Heinz and Kocher (Heinz, 1979) continued the previous work

and proposed t hat some of Fleming and uee's plutonic appearing rocks may
actual ly be part of the early supracrustal group.

ROCK UNIT\:>
The purpose of tnis study was to map the south'frestern portion of
t he Fourtown Lake quadrangle (see Fig. 1) and to correlate local and
regional structural aspects.

We discovered that the outcrop pattern in -

t ne "/estern portion of.tbe Fourtown Lake quadrangle changes from relatively
narrow repetitious bands in the east to broad plutons of granitic and
migmatitic rock in the west.

In the contact zone the banded units

c ompletely interfinger with tne plutons of leucocratic biotite granite
(see Plates I and II).

The older amphibolite and biotite scnists were

found in- the west and southwest areas of the quadrangle only as inclusions within ~ne migmatitic units.

No major new units were recognized.

We did find, hOHever, that with more detailed work in this western area
t~e unit of "Undifferentiated Granitic Rocks" (Gu, Plate I) could be
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subdivided into several mappable bands of related granitic rocks.
Plate II).

(see

One of these subdivisions, has not, to the best of our knowledge,

been previously described.

We have applied the term "porphyritic biotite

granite" (Gbg. Plate II) to this rock and it is discussed further in
the section on rock units.
The relative ages of the rock types are not totally clear because of
complex structural relationships and discontinuous outcrops caused by
areas of thick overgrowth, windfall,

a~d

glacial deposits.

However,

in the following discussions we have accepted the order of age proposed
by Fleming and Lee (1978).

The igneous rocks are classified using the

: lUGS system (1973).
l1igmatitic Rocks (l'1g, Mb, Ha):
these rocks as an

fl •

••

Fleming and Lee (1978) first described '

intimate mixture of pre-existing metamorphic

host rocks and plutonic-looking granitic rocks."

They used the terms

"paleosome" and "neosome" from Southwick (1972) to describe these two
distinct types of rock material.
rocks.

There are three types of migmatitic

The schist-rich and amphibolite-rich types are considered paleo- '

some-rich, in Southwick's terms, and the granite-rich migmatite is considered neosome-rich.

These were mapped and subdivided into units by

using the predominant rock type in outcrops.

They may exist as a mix-

ture in some large outcrops and have gradational contacts but they tend
to occur as somewhat discrete segments of one type or another.

The

granite-rich migmatite is located exclusively in the northeastern portion
of our pat area and grades into schist-rich migmatite south of the township line.

A small belt of amphibolite-rich migmatite is found in the

southwest and is offset by north-trending faults (see Plate l).
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, Differential erosion of the schist-rich rock caused distinct
topographic banding.

The less resistant schist creates low areas whereas

the more resistant neosome granite creates small ridges.

This is especially

noticable. even on aerial photographs. northwest of Mudro Lake in Sec. 12.
The paleosomes. or host rocks. are described in detail by Fleming
and Lee (1978) but in some places, as northwest of Mudro Lake, the schist
is more granitic with a very distinct foliation and thus resembles a
granite gneiss. ,
The origin of the neosomes has been debated.

There are two distinct

types, described by Fleming and Lee (197 8 ), which suggest two separate
or in some cases mixed origins.

This also suggests, along with cross-

cutting of neosomes, the possibility of two episodes of migmatization
(Fig .2).

One possible origin for the first is an anatectic or meta-

somatic origin.

The first type is a light-gray, coarse-grained allo-

triomorphic granitic rock.

The second type is light-pink granite which

is probably equivalent to the leucocratic biotite granite.
probably magmatic or metasomatic.

The origin is

There these two types are in contact,

the earlier seems to have remobilized and assimilated the younger.

The

occurance of the leuco-grahite as distinct plutons, within migmatite belts,
(too small to map). strongly suggests a magmatic origin for the second
neosome type.

Where the leucogranite is in contact with the migmatite,

intricate ptygmatic folds often occur (Fig.3).
Hornblende Tonalite (Th):

This unit occurs almost exclusively as a

discrete pluton in the southern portion of the quadrangle (Plate I).

In

the southwest it is found only along the southern and eastern shores of
Grassy Lake in the extreme southwest corner of the Fourtown Lake quadrangle

Figure 2: Folding in the Schist-rich migmatite unit.

Figure 3: Contact of Leucocratic Biotite
with Schist-rich migma t ite . Notice the intricate ptymatic f olding .

~ r anitie
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and northwest corner of tIle Ely quadrangle.

The hornblende tonalite is

a light gray medium- to coarse-grained rock with approximately equal parts
of hornblende, plagioclase and quartz.

Alignment of tabular/plagioclase

and hornblende crystals give the rock a strong foliation.

The unit is

extensively cross-cut by a lighter colored more resistant granite.

For

a more detailed description as to composition, extent and origin tne reader
is refered to Fleming and Lee (1973) and l1arso and Ewert (1980) .
Hornblende Adamellite (Ha):

This

unit~s

mapped only as extensions of the

bands on tne southwest shore of Fourtown Lake previously mapped by Fleming
and Lee (1978) and as inclusions in tne "Undifferentiated Granitic Rocks"
(Gu) and "Schist-rich I'iigmatite" (Mb) units.

Excellent exposures of this

unit can be found on the ridge along the southeast end of the marsh south
of Boot Lake (Plate I).

The hornblende adamellite is a pink to white,

porphyritic, coarse-grained rock.
5~fo

microcline and

It is composed of approximately

15 - 20% phenocrysts of hornblende. The remainder

is composed of quartz and plagioclase with occasional minor biotite.
Aligned microcline phenocrysts and hornblende prisms give the rock a
distinct foliation.
bodies of this unit"

Fle.ming and Lee (1978) suggest that t:le distinct
. . may have comprised two or three unified plutons

prior to the intrusion of younger rocks."

Heinz (1979) proposed yet another

origin, stating that the foliation might not be the result of magmatic
flow but instead "may be the result of primary sedimentary structures
which have not De en erased by the later metamorpnism."

The presence of

inclusions of mafic material and migmatitic sChist within this Hornblende
adamellite unit and the occurance of Hornblende adamellite rock as xenoliths
in othergranitic rocks suggests eittler magmatic flow or strong metamorpn i sm as the origin of foliation.
gional fo l iation.

Tnis foliation

matc~es

that of the re-
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,Undifferentiated Granitic Rocks (Gu):

This unit is typified by a large

variety of granitic rock types and contains granite, adamellite, quartz
monzonite, quartz syenite, tonalite and granodiorite and contains many
rock types may be present in a single outcrop but one type usually
predominates.

Because of its large extent in the western part of the

area we were able to recognize sub-units and these are mapp&d on Plate II.
Fleming and Lee (1978) and Heinz (1979) report only hornblende granite
and

adamellit~

in the areas they

mappe~.

The most extensive rock type

which we found is a white to gray (often weathered to pink) mediumgrained granite (Ggr, Plate II) with five to seven percent biotite.
,Hornblende is usually minor but (locally) can equal biotite.
gray quartz composes 15 - 20 percent of the rock.

Clear to

Potassium feldspar

ma,k es up approximately 70 percent of the feldspar while plagioclase
accounts for only JO percent.

Thisgranite is petrologically similar to

the leucocratic biotite granite discussed in the section below and they
are difficult to seperate in the field.
Along the ridge which extends from the southeastern inlet of Boot
Lake in Sec. 26 to the northern arm of Holy Lake in Sec. JJ the
"undifferentiated unit" changes from leucocratic biotite granite to
hornblende granite which has more mafic-rich inclusions.

(see Plates I

and II).
Extending from the ridge directly north and along the shore of the
east arm of Holy Lake in Sec. JJ to the southernmost outlet of Boot Lake
in Sec. J5 the rocks change from quartz monzonite to adamellite to hornblende granite to leucocratic 'biotite granite to adamellite and to
granodiorite (see Plate II).
Another area of interest in this unit is at the south and south-

I

I

12

westernmost side of the swamp below Boot Lake in Sec. 2.

Although there

is some quartz monzonite and hornblende granite here, it is for the most
part biotite granite with sizable blocks of mafic and ultramafic rocks.
This is especially true where the Boot Lake fault exits from the swamp
south of Boot Lake in the center of Sec. 2.
A good example of mafic breccia and hornfelsic inclusions, such as
those described by Fleming and Lee (1978) is found on top of the
"cigar-shapeq." ridge in the northeast ?orner of Sec.

34.

Flem~ng

and

Lee distinguished two types of breccia, one predominantly mafic and the
other ultramafic.

They trend parallel to the layering of nearby

. migmatites which suggested to them that these may be "fragmented remains
of mafic and ultramafic sills." . The second type includes blocks of spotted
rock which is decidedly hornfelsic in appearance (Fig. 4) which they
found to be localized near contacts between this Gu unit and the
hornblende adamellite unit (Fleming and Lee, 1978).

We found mixtures

of these two types of breccia at several places one of which is the
location mentioned above.

Heinz (1979) suggested a highly metamorphosed

agglomerate or volcanic breccia origin for this unit.

Heinz (1979) had

mapped a band of hornblende adamellite near this location, but we did
not find such a band nor any outcrops of that rock type.

This may

have been mismapped (personal communication, Heinz, 1980).
The evidence that several outcrops of breccia occur along strike
parallel to that of the regional strike suggests that there may be a
metamorphosed agglomerate or volcanic breccia sub unit within the
Undifferentiated Granitic Rocks unit.
An interesting and previously unknown addition to this unit is what
we have found to be a porphyritic biotite granite.

It is a pink to

Figure 4: Hornfelsic inclusion within the
Undifferentiated Granitic Hocks unit. NOtice the alignment with rock foliation
(follows pencil direction).
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white coarse-grained granite which at first appearance looks like the
hornblende adamellite or tonalite, but on observing a fresh surface the
mafic mineral present is biotite.

This rock has a distinct foliation

which gives it a gneissic appearance (Fig.

5).

A good example of this

is found just north of Forest Road 457 on 'a ridge straddling the border
of Secs. 2 and

J.

This rock extends for approsimately one-half mile

to the west and one mile to the north.

FT-14J-80 may, help to determine its

tr~e

Petrographic study of specimen
character.

Within this unit a slight foliation and lineation are locally made
visible by the parallel alignment of elongate mafic minerals and tabular
'feldspars.

These structures parallel contacts with rock units and swirl
Fleming and Lee (1978) inferred this to be of

around inclusions.
magmatiC origin.

Leucocratic Biotite Granite (Lg):

This granite has a pink to gray

color and is composed mainly of potassium feldspar and quartz with minor
amounts of plagioclase and three to seven percent biotite, which often
gives it a lavender hue.

The texture varies from fine- to medium-grained

and is frequently

and pegmatitic, of ten gradational within

centimeters.

a?lit~c

This unit occurs as plugs, sills and dikes, as well as in

the neosomes (see section on Migmatites) of migmatitic rocks.

It cuts

all other .rock units and is the most abundant rock type in the quadrangle.
The rock contains inclusions of the host rocks and may have a weak foliation
due to a l i gnment of the biotite.
free but may

co~tain

When found in large bodies it is inclusion

locally well-developed flow structures.

The afore-

mentioned aspects are difficult to explain, as suggested by Fleming and
Le e (1978) , without "invoking a magma."

We agree with their hypothesis.

Further pr oof of this origin may be the abundance of pegmatite throughout

Figure 5' : Porphyritic Biotite Granite wi thin
the unc1ifterentiated Granitic nocks unit.
~ otice the .distinct foliation of biotite
phenocrysts.
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the unit which indicates a high availability of granitic fluid.

These

fluids may come from a wet magma and could possible account for the widespread granitization of the wall rock and inclusions (Fleming and Lee, 1978).
The leucogranite bodies, predominant in the southern portion of the
quadrangle , grade into migmatitic bodies with an increase

of inclusions

of schist , most of which are we ll assimilated into the granite body.
Almost all inclusions are oriented parallel to the regional foliation.
This unit iS , everywhere cut by dikes a?d veins of pegmatitic and aplitic
leucocratic biotite granite.

The distinction between the Leucocratic

Biotit e granite and Undifferentiated granitic rock units can be further
clarified by f uture petrographic study.
STRUCTURE
A complex combination of folding, faulting, migmatization and intrusion
characterize the structural relationships of this area.

The major fea-

tures are the banded outcrop patterns which are complexly cut by faults
(Plate I) .
Foliation:
As in previous investigations we find the orientation of layering
in the migmatites and the foliation of the plutonic rocks, as well as the
orientation of inclusions in the plutoniC rocks to be parallel to the trend
of outcrop belts.

The bearing and plunge of small fold axes in the mig-

matites are also oriented in such a fashion.
Unfortun~tely ,

This may suggest major folding.

exposures were not good enough to allow satisfactory

resolution of the structures.

Regional fo l iation generally strikes in an

east-northeast direction with local changes to the north.
foliation dips from 20° to 60° north, with local reversa ls .

The regional
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Joints:
Up to four joint sets can be found in many outcrops , although two
are more common.
especially common.

u

Joint sets striking N15 ° - J O Wand N6o" - 7) vI are
No relationship of the joints to folding has been

determined but several of the joint sets are aligned parallel the traces
of faults.
Grassy Lake.

An interesting joint set is found on the oouthwest shore of
These joints are nearly vertical and are but centimeters

away from eaoh other.

The strike of t~ese joints is N24~ -75\~, with

dominant sets at . N27°W and N75~W.
Lake area.

There are several faults in the Grassy

This joint system se.ems to be related t o these faults

: (Figs. 6 and 7).
Faults:
The fault pattern is fairly evident when examining Plate I .
three major faults we found to occur in our area are:

The

1) a southward

extension of the Boot Lake fault to picket Lake, 2) a northerly trending
fault from Grassy Lake extending to approximate ly

It miles

south of Boot

Lake, and J) an easterly trending fault' which stretches from Nels Lake
in the Angleworm Lake

q~adrangle

to the east, through Picket , Mudro, and

Sandpit Lakes to the Horse Lake Fault to t he east (see Plate I).

The area

north of Grassy Lake and around t he l ake itse lf is very comples, and
thoroughly confusing!
m~terial

Although the area is abundant ly covered with glaCial

there is strong evidence of an intricate fault system .

Some

evidence 'of faulting is the slickensides found on the northeast shore
of the lake . (Fig.

8).

These faults are topographically expressed by steep scarps and
strongly aligned chains of lakes or streams.

Uataclasis and brecciation

is evident along the Nels Lake to picket Lake portage, along the Grassy
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It'igure 6: Nearly vertical joint set wi thin
a shear zone on the south shore of Grassy
l.Jake.

Figure 7: Gloser view of shearing.

Figure e: Slickensides found on the northeast shore of Grassy Lake near the contact
of 0chist-rich Migmatite and Leucocratic
Biotite Granite.

20

Lake stream , the ?icket to l1ud.ro stream, and where the Boot lake fault
enters Picket Lake.

It is evidenced by sets of closely-spaced parallel

fractures and slickensides.
All northeast-trending faults cut across the outcrop belts and
foliation in the rocks.

The Nels Lake-Picket Lake fault seems to follow

closely the regional structure and foliation.
There is also an easterly , trending fault which forms the east arm
of Holy Lake ,which probably doesn't
east of the lake .

co~tinue

more than one-quarter mile

Evidence for its existence are the steep cliffs on

each side of the lake and the occurance of granite-quartz monzonite on
' the north side and granite-rich migmatite on the south side of the shore.
The Boot lake fault cuts off the outcrop bands extending westward
from Fourtown Lake on the east side of the fault.
the

~ul t

On the west side of

is "Undifferentiated Granite" and Schist-rich l'1igma ti te.

The

same fault in the southwest slightly offsets bands of granite-rich and
amphibolite-rich migmatites.
There is some slight offset of northerly trending faults by easterly
trending faults near Picket and Grassy Lakes.

This seems to be predomi-

nately right-lateral, aithough field evidence is meager.

More toward

the north the easterly trending faults become noticably offset by the
northerly faults. This may suggest that the southern easterly trending
faults ar e younger than the northerly trending faults and the northern
easterly trending faults are older.
The Boot Lake fault seems to mysteriously end at Picket Lake.

It

may be that the ' Grassy Lake fault is the southern continuation of the
Boot Lake fault .
Hydrothermal alteration is thought to have taken place either during
the f aulting process or soon afterward .

This has resulted in the filling
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of joints with quartz and the alteration of the plagioclases of the
wallrocks to a pinkish color.
All faults produce a horse-tail like splay eminating from the southwest
and are thus presumed to be subsidiary to the Vermilion Fault System
which lies immediately south of the area in the Ely quadrangle.
CONCLUSIONS
Our work has produced no new conclusions regarding the geologic
,

history . of the region.

For detail on ihe geologic history, the reader

is referred to Fieming and Lee (1978) or Sims and Horey (1972).

The

splitting of the "Undifferentiated Granite" unit into several smaller
units (Plate III) may be a significant help in

ulti ~ately

determining

the origin of this very complex granitic unit and the associated rocks;
Our work agress quite well with that of Green and Shulz (1974) who
mapped the Ely quadrangle immediately to the south.

The only

problem is

that some of the faults present in our area do not seem to continue ,to
the south.

The only way to resolve this discrepancy is to attemptto

trace the faults southwestward into the

~ly

quadrangle.

Our reconnaissance

of Little Bass Lake and North and South Hegmann Lakes directly in the
Angleworm Lake quadrangle extends the leuco-granite, "Undifferentiated
Granite," and the Granite-rich 11igmatite plutons to the west.

The lakes

here appear to distinctly fault controlled.
FUTURE WORK
There are still many questions to be answered before this
"preliminary" report can be considered permanent.
questions we see that need to be answered are:

The most pressing

1) What are the genetic

relationships of the various granitic types within the Undifferentiated

Granitic Rocks (Gu) unit?
Lake such that it is?
there?

2) \'Ihy

is the topography southwest of Boot

Are there some hidden structural relationships

J) What is the true fault pattern in the southwest corner of

the quadrangle?

4) What are the age-relationships

trending and northerly trending faults?

betwe~n

easterly

5) What is the illeaning of

the two dominant joint sets in the region?

6) How should we resolve

the conflicts Hith the work of .Green and Shulz?

7) What are the maior

structures underlying this area and how far do they extend?
Petrographic and petrologiC investigations on rocks from this area
will begin soon and field work will continue.

It is hoped that these

'continued efforts will help unravel the complex history of this area.
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PLATE II

Map of thp. West-Central Portion of the ~ourtown Lake Quadrangle, distinguishing the rock types within
the unit 'Undifferentiated GranHic Ro.:ka' (Gu) of Hate 1.
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