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INTRODUCTION

The Michigan Geological Survey initiated a restudy of the
Menominee Iron Range im 1937 and this is the third report resulting from
that investigation. Progress Report Ho. 5, published in 1939, concerns
the area from Norway %o Quinnesec and Progress Report No. 6 deals with
the investigations of the following season in the vicinity of Iron
Mountain. These reports contain discussions of the distribution and
structure of the rock formations and of the major problems of the areas.
They are accompanied by geologic maps showing the general interpretations
based upon the assembled dats.

The area investigated in 1941 is a belt 75 miles long and
approximately 1 mile wide. The work was begun in Norway, at the eastern
limit of the segment mapped in 1939, and continued eastward to Waucedsh.

The general field procedure in 1941, similar to that of the
previous seasons, consisted ef: (1) stratigraphic studies; (2) mapping
of outcrops and structursl features; (3) taking dip needle readings
at intervals of 40 feet along a grid of north-south and east-west traverse
lines one-eighth mile apart; and (4) compiling data from such mine maps
and drill records as were available. Control was established by taping

distances between section corners and sctting markers every eighth mile.
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The geologic map accompanying this report is only preliminary
but represents those relations which seem %o agree best with the assembled
geologic and magnetic data. Due to the indefinite and incomplete char-
acter of the information available for other parts of the area, it is
deemed advisable, at least for the present, to issue a map of only the
narrow strip which includes the iron formations and associated strata.

The personnel of the field party in 1941 included, in addition
to the writers, Mr. Irving Bockwith and Mr. Burton Wostman as compassmen.

Their services are gratefully acknowledged.

DISTRIBUTION ANC STRUCTURE OF FORMATIONS

The area from Yorway to Wouccdah has nany geologic features
similar to those in the oreas previously mapped. Thus the general
strike of the formntions is north of west, the general dip is southward
at high angles, and the oldcst formation of the imrediate area, the
Randville dolomite, occupios the northernmost position and is succeeded
southward by progressively younger formations. ‘Locally, there are
decided departurecs from thesc goeneral conditions; i.e., dip may be
northward, duc to ovorturning; strike may vary considerably because
of folding and faulting; ond formations may be repeated or may be
missing as a result of frulting. Likewise, & well-dofined fault
pattern is apparent in the regiom consisting of systems of faults whose
trends are parallel to one of four general directions: (1) northcast-
southwest, (2) northwost-southeast, (3) nearly north-south, and (4)
approximately east-west. Furthermore, faulting not only dominates the
local distribution of the formations but apparently is also an important

factor in their regional distribution.

The geologic map accompanying this report shows many of these



characteristics and diffors from the mapsz in Monograph 46, United
States Geological Survey, which indicate the beliof that the general
northwest~southeast trend of the rock layers from Norway to Waucedah
was modified by a few folds and by one fault of small displacement.
Less ﬁrominent differences in interpretation of the distribution and
identity of some formations are shown on the accompanying map.

The geologic structurc of the arca shown on the map is con-
sidered more fully by o discussion of the essential features in each

of three principal districts.

Norway-Vulcan District

This district, which includes varts of sections 9 and 10,
T39N, R29W, cxteonds eastward from the 01d Brier Hill exploration shaft
in Norway to north of the New Central shaft in Vulecan and includes that
part of the Menominec Range in which iron mining by underground methods
is most active at the prosent time. In the western portion of this
district, the fault showm at the 0ld Brier Hill shaft is indicatod by
exposures of Randville dolomite only about 75 feet north of the con-
formable contact between the Traders and Brier formations at the shaft.
These relationships arc interpreted as being the result of a fault of
east-west trend whosc displacoment brought about the omission of the
"Footwall" slates, most of the Traders formation, and possibly some of
the upper dolomite zones. This fault was recognized and mapped in
earlier work to the west but its ocastward contimuation, apparently out
into the dolomite, has not becn dctermined.

The faults adjacent to the Curry shaft scom to have little

cffect upon the surface distribution of thc formations at this locality.

3 W. S. Bayley: The Menominee Iron-bearing District of Michigan,
Us S« Goological Survey (1904), plates 9 (in pocket), 33, 34, 35
and 36.
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They were indicated by dip needle readings and have been plotted fgpm
mine data.

Bxposures in the abandoned pits north of the Curry shaft
show much brecciation, slickensides, and ore zones. These complex-
ities were resolved into the fault pattern and distribution of formations
as shown on the map. The principal features are an abrupt termination
of the Traders formation in aligmnment with an abnormslly wide belt of
Brier slates and an offset in the trond of the Traders iron formation.

The geology of the Traders-Bricer contact in the eastern part
of Section ¢ was rather ensily dctermined because of the almost contin-
nous exposurcs in the walls of the abandoned pit north of "C" shaft.
The Tradors iron formotion and the Brier slates are sufficiontly distince-
tive so that the faulting can be recognized readily. Faulting has
produced cxtensive brecciation in both formations. The eastward exten~
sion of these relationships into the westoern part of section 10 has been
based upon subsurface data in which one level connected with a shaft to
the cast and followecd a dbrecciated contact botween slates and iron
formation. The dump from this shaft in scoction 10 is mainly Traders
iron formation but picces of slatc and quartzito from the "Footwall"
sorics arc common also. The identity of these materials and the nota-
tions on the subsurface maps led to an interpretation of the geology
proposcd on the map.

Another fault is well shown by the exposures in the large
pit east of "C" shaft in section 9. The Curry iron formation to the
north of the fault has been thoroughly shaottered adjacent to the surface
of displacement ond materials of uncertain age south of the fault have
been shoared into sericitic and chloritic schists with quartzite pods

or lenses. It is belicved that two faults arc present in the western
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end of the pit but exposures toward the east indicate that they probably
merge into a zone of displacement in which individual faults are not
recognizable. This faulting was also indicated by abrupt changes in
the magnitude of the dip needle readings as north-south traverses wore
run across it, but the easi-west continuation of the fault as shown on
the geologic map is mainly based upon data from minc maps. The overlap
of the formations along the fault reveals the relative movement in this

displacement.

East Vulean District

This unit of the area exiends eastward from the New Central
shaft in Vulcan to the Sturgeon River and includes a portion of the
Menominese Range in which nining was once very active. The geologic
structure of the district was determined from surface, subsurface, and
nagnetic data which were alike in their indications of complexity at the
western end. The goologic map shows that faulting is common throughout
most of this district, and that the relative disnlacement of the faulted
segments controlled the distribution of both iron formations. In the
eastern part of section 10, the Traders iron formation has been offset
with overlap by two parallel faults of northwesi-southeast orientation.
The normal southeasterly trend of the Traders iron formation persists
into the southern part of section 1l where the formation is apparently
folded and displaced along two east-west faults. The relative move-
ments in this locality were such that the formations in the block be-
tween the faults are east of their continuations along the strike in
either direction.

The distribution of the Curry iron formation in the East
Vulecan district is relatod primarily to displacement along several

faults of northvest-southeast trend. These foults converge or inter-




o

sect in an area which extends across the line between sections 10 and
11. This interpretation is based upon an apparently erratic distri-
bution of iron formation and slate exposures in that area and the lack
of agreement between surface and subsurface information. "Mixed slate

and Curry iron formation" is placed on the geologic map for the same

reason. At least two faults from this locality extend southeastward
through section 11 and into the northern part of section 14, and two
other faults, or branches of the casternmost fault in section 14, extend
eastward through the southeastern part of section 11. Additional faults
are suggestcd by the unusually wide belt of Curry iron formation in
these sections. Still another fault of northwest-southecast trond forms
the southern boundary of the Curry iron formation through section 10 and
into section 11l. Information on the coursc of this fault was obtained
mainly from subsurface data, but in section 11 it was actually obscrved
to pass through the Jones pit, south of No. 3 shaft, as plotted on the
geologic map. The Curry iron formation in this pit is north of the
fault and the bedding is almost porallel to the fault, but the slate
layors on the south terminate abruptly at tho zone of breccia and gouge.
The remainder ofvthis district includes the northoastern part
of scction 14 and the northwestern part of section 13. So far as known
at the present time, this part of the district is lacking in complexity,
but the subsurface data are meager and the magnetic data were of little

value for determining structure.

Loretto-Waucedah District

Interpretation of geologic structure just to the cast of the
Sturgeon River and south of Lorctto was aided by drill rccords of explor-

ation in that vicinity. These records indicate that more complexities



undoubtedly exist there than have been shown. Folding of the strata
in this locality has causeld local changes in the trend of the two iron
formations and faulting of eastnortheast..westsouthwest trend has also
offset the Curry iron formation. The principal feature, however, is
a fault of northwest-southeast orientation whose displacement brought
the Randville dolomite adjacent to the iron formations and %the Brier

slates.

[~

Thes¢ relationships apparently continue from Loretto to Waucedah

and constitute the characteristic and striking geologic structure of
that section - the great thrust fault varying somewhat in direction
throughout that distance, but in general maintaining a northwest-south-
east trend. his interprotation of the geology and the map of this
report are in striking contrast with the concepts of Monograph 46 which
proposes that this district is without complexities in the succession
and arrangement of the rock layers. The fault structure was first
indicated by abnormally high dip necdle readings on dolomite outcrops,
and by noting that the trend of the megnetic crest was situated too
close to exposures of dolomite to permit a normal succession of strata
to be present. Interpretation of the relationships as an overthrust
arrangement was substantinted by drill records since iron formation was
encountered in some localities (sections 18 and 17) after the drill had
passed through dolomitc and a zone of shearcd materials. Because of
these data, the map has been drawn to show that the iron formations and
associated slates probably extend from Loretto to Waucedah, but in at
least two localities along this trend the continuity of the iron forma-
tions is apparcntly interrupted. The true relations, however, are
believed to be that the displacement along & fault of northwesi-south-
east trend was of such character that, simply, the iron formations were

covered by overthrust masscs of dolomite. Additional fauliting, not
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shown on the geclogic map, is revealed by drill records of some holes
which passed through more than two iron formations and also encountered
formations whose identities are uncertain.

Southeastward from near the center of section 17, the map
shows that the course of the fault tracc is more easterly than the
trend of the formations and consequently successively older strata re-
appear as thoy continue from beneath the overthrust dolomite. The
interpretations in this scction arc likowise based upon magnetic data
obtainod from the dip ncedle survey and upon subsurface data in records
of diamond drilling.

The distribution and structurc of formations in the vicinity
of Waucedah werc determined from Ficld observations on some natural
outcrops as well as from exposurcs in test pits and in the abandoned
pits of the Breoen and BEmmott nmines. In goneral, the arrangement of
the formations in this vicinity is not very complex but some revision
of the interpretation rceported in Monograph 46 seems advisable. The
formations have a general cast-wost strike as shown on the map and are
eithor in a vertical position or dip steeply southward. The mine pits
are situated in a belt of Curry iron formation whose northern boundary
is a fault contact with Brier slates, and from the observations which
can be made at the present time it is apparent that the ore concentra-
tion was very closcly associated with this fault contact or with adjacent
shearcd zones. Slate strata were encountered in a series of test pits
botween the Curry iron formation to the south and the outcrops of
massive ferruginous chort to the north. This chert is believed to be
the uppermost zone of the Traders iron formation, and the intervening
slates are therefore classed as Brier formation.  The small patch of
"Footwall! slates is shown on the map in the north central part of

scction 22 because o record of drilling at this locality rovealed "talc
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slate" adjacent to Traders iron Formation and several test pits to the
north of the massive ferriginous chert encountered slate strata. A
fault contact was drawn at this locality because if the formations have
been identified correctly, these slates and the outcrops of massive
ferruginous chert are too close together to permit the normal thickness
of Traders formation to be present.

The investigation did not extend east of Waucedah because the
iron formations and associated strata are overlain by Cambrian sandstone
in that direction and are not known to rcappear from beneath the exten—
sive cover of youngoer rock layers.

Magnetic data were assembled also for an area north of Waucedah
in sections 15, 16, and 17. They revealed a trend of maximum dip ncedle
readings as shown on the map by the "magnetic crest." The location
and course of the crest are probably determined by one or nors layers
of iron formation, but no outcrops were found and no records of explor-
ation are known. However, the magnitude of the mognotic readings in
this region is comparable to the rcadings obtaincd along the south range
and projection of the trend toward the northwost would carry the crest
into an‘apnroximat@ aliganent with occurrences of iron formations in
the vicinity of the Loretto and Appleton mines north of Loretto village,
in an area not yot remapped. Thesc concepts are similar to those shown
on the general geologic ma,p4 of Monograph 46.

If, north of Waucedsh, another belt of iron formation is
separated from the southern belt by an area probably underlain with dolo-
mite, the arrangcement would be similar to that which exists in the
vicinity of Loretto, where dolomite is exposcd in several large outcrops
but iron formations are present both to the north and the south of the

dolomite. As previously stated, the southern formations are known from

4 Op. Cit., Pl. 9, in pocket
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magnetic and drill data whereas the northern formations were exploited
by the Loretto and Appleton mines. Several exposures are present also.
The strata exposed in the eastern end of a pit at the Loretto mine
apparently belong to the Curry iron formation and are vertically inclined,
but approximately 500 feet to the south in an outcrop of dolomite the
layers are inclined only 45° southward. These relationships cannot be
intorpreted as simply an anticlinal fold with its axis situsted between
the Randville dolomite on the south limb and the Curry iron formation
on the north limb because distance to accommodate all of the strata
which should be present is insufficient. Consequently the proximity
of thess cexposurcs and the anomalous inclinations of the strata in them
seem to be suificient cvidonce to preclude the possibility of a normal
succession at this locality. Thoreforc it is proposcd that one of the
major faults of the region is indicated by these conditions necar the
Loretto mine. The occurrcence of dolomitc on the south side of such a
fault would imply that it was in the block whose apvarent motion had
been upward. This typc of displacement could have produced the oxist-
ing rocurrence of the iron formntions to the south. This interpreta-
tion of the repetition of the iron formations at Loretto also suggests
an explanation for the threc "ranges" which constitute the major struc-

tural pattern of the Yenominee Range.

STRATIGRAPHY

Although investigntors in this region have differcd as to the
identity of strata in some exposurcs, they have been in general agreement
concerning the normal succession of the formations. The lowest rock
layers usually encountered in any range belong to the Randville formation.
The predominant material in this formation is dolomite which crops out

in numerous localities. Tue identification of the formation in this



nornal facic is unquestionoble but information concerning the basal
portions is lacking, or at least no strata have becn rccognized as
;opresenting the base of the succession. The layers above the Rand-
ville formaiion wore designatod "Footwall slates" by Scoficld. This
formation consists of a sories of dolomitic and sericitic slates with
some layers of quartzite, and others of massive, ferruginous chert. Yo
surface exposurcs are known in which the nature of the contact between
the dolomitec and slates con be dotermined, but wherever they are adja-
cent underground they arc scparated by a fault zone. The Tradors iron
formation rosts conformably upon the "Footwall" sletes and is composecd
of interbodded jasper and hematite layers. Conformable relationships
also exist between the Traders iron formation and the overlying quart-
zose slates of the Brier formation as well as between the Brier and the
younger Curry iron formation which is generally similar to the Traders
jron formation. An upper contact of the Curry iron formation and over-
lying slates is exposed in several places at the surface and occurs in
many places underground. The relations at the surface clearly indicate
the occurrence of faoulting at such contacts, dbut Scofield proposed that
the Curry formation is conformably overlain by the Loretto slates, which
are ferruginous and become a chocolate brown when weathered. Others
have proposed that strata called "Hanbury slates" rest unconformably
upon the earlier formations ond are the youngest part of the Huronian
succession in this region, but the writers believe that the stratigraphy
of such strata is uncertain. i

Earlier reports of this investigation (Progress Reports 5 and
8) contain descriptions of tho formations and present the characteristics
which, if present, nay serve to identify these strata but it is belicved

that scveral new phases of the stratigraphy were determined from field



observations in the past scason.

In numerous exposurss, the Brier formation is a well bedded
quartzose slate. Below such strata, however, similar slates were
found which contain nodules, lenses, and occasionally bands of fine
grained gray chert. Such beds occur along the south side of No. 4 pit,
north of "C" shaft (section 9), and in slate cxposurcs west of the
Broen pit at Weucedah. This basal facic apparently represents a local
variation because in othor exposures slates without chert masses rost
conformably upon the Traders iron formation.

A hitherto unnoted feature of the Curry iroen formation was
found. The cherty bands of this formation arc normally of maroon color
and possess a granular texture. The grains are usually of circular or
elliptical cross-section, can bo casily scen with a hand lens, and are
imbedded in o mach finer matrix.  Most of the iron formation exposed
in the pit east of "C" shoft has those charncteristics, however higher
layers at this locality consist of hematite interbedded with material
of gray color and cherty to quartzitic texbture. Exposures of similar
strata occur along the south side of the Munro pit west of Norway, and
at the Joncs pit south of No. 3 shaft in East Vulcan, and perhaps also

along the north wall of BEmmott pit nt Waucedah.

PROBABLE GEQLOGIC STRUCTURE OF THE MENOMINEE RANGE

The iron formations and associated strata of the Menominee
Range occur in thrco scparate units or "ranges." The southern range is
a long narrow belt vwhich oxtends southcastward 18 miles from the Menomince
River west of Iron Mountain to Waucedah. It has contained the most im-
portant orc bodies of the region. Similarly, the middle range has a
northwest-southeast trend but is divided into two long narrow belts

according to the general geologic maps of Honograph 46. The western

5 op. Cit., P1. 9, in pocket




13
portion extends southeastward from the Traders mine north of Iron Mountain
to the abandoned Forest mine northeast of Lake Fumee and is about 5 miles
in length. The eastern and western portions are separated by a distance
of about 7 miles and the eastern prortion occupies a belt 4 miles long from
north of Loretto to north of Waucedah. The southern range, and some of
the eastern part of the middle range as indicated by the "magnetic crest,M
are shown on the geologic map accompanying this report, which covers the
areas mapped in 1939, 1940, and 1941. The geologic map of Monograph 46
shows that the northern range is about 5 miles northeast of Iron Mountain
and 2% miles north of Leke Fumee. It is only about 1% miles long and very
little is known about it. No outcrops of iron formation have been observed
in this locality although a test shaft in soqtién 15, T40N, R30W encountered
the basal quartzite material of the Traders iron formation at a depth of
approximately 35 feet, and Monograph 46 reports6 that pits near the center
of section 15, T40N, R30W have showm the prescnce of rocks believed to
belong to the Curry formation.

The general successions of strata in the southern and middle
ranges seem to be similar. From north to south, the normal sequence is
(1) Randville dolomite, (2) "Footwall slates, (3) Traders iron formation,
(4) Brier slates, (5) Curry iron formation, and (6) slates of variable
character and uncertain age (including the Hanbury slates if present),
Monograph 46 refers’ to dolomite cxposures north of the possible iron
formation in the north range, and thus the north range may have some resem—
blance to the other rangoes but confirming data are lacking inasmuch as
investigation has not yet extended %o a restudy of that region.

The interpretation in Monograph 46 concerning the structural

pattern of the entire Menominee Range emphasizes the presence of a major

® op. cit., p. 287

’ Op. cit., ps 200
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unconformity at the basc of the upper Huronian strata -- i.e., Hanbury (%)
slates. That interprotation proposcd that (1) folding occurred after
the accumulation of the Curry iron formation, (2) a long interval of
erosion truncated these folds, {3) renewal of accumulation produced
the Hanbury layers which rested unconformably upon formations as low
as the Randville dolomite, (4) a second deformation brought about the
present inclination of all Huronian strata, (5) erosion removed the
Honbury slates from some areas, and (6) thus exposed the three "ranges"
but left much of the region underlain by the Hanbury slates. Accord-
ing to this interpretation, the regional structure consisted of threc
synclinal folds, and in each of them only the northern limb was visible,
whereas the southern limbs were unknown becausc overlain unconformably
by a grecat thickness of deformed Hanbury slates.

The present investigation, however, has led to different
intorpretatibns of the major structures. As stated in a previous
TGPOTtB, the "Hanbury slates" of the type locality at Hanbury Lake are
dolomite, dolomitic slates, ond dolomitic quartzites, yet theosc materials
seem identical to some oxposures in areas mapped as Randville dolomite.
Also, other exposures which have been called "Henbury slates" by previous
investigators arc similar to lower strata in the general succession and
consequently it hos seemed advisable simply to recognize "slates of
variable chsracter and uncertain age."  Furthermore, whercver strata
are in the normal position of the "Hanbury slates" -- i.e., adjacent to
the upper contact of the Curry formation, evidences of faulting are
conspicuously present. Occurrences of this relationship have been ob-
served along the south side of the Munro pit west of Norway, through the

pit east of "C" shaft in Norway, and in the Jones pit south of No. 3

8 Lamey, C.A., and Dutton, C.E., A Preliminary Geologic Survey of Part
of the Menominece Iron Range in the vicinity of Iron Mountain, Michigan,
Michigan Geological Survey, Progress Report No. 6, 1941, p. 10.




shnft in Bast Vulcan. Datn also have becon proscnted to show that a
fault undoubtedly soperated the Curry iron formation of the Loretto

mine from dolomite cxmosurcs a short distance toward the south. Somec-
what similar relationships are present in the vicinity of Lake Antoine
where dolomitic strato wore oncounicred in a tronch south of the Curry (1)
jron formation of the Globe-Cornell pit. Consequently the nature of the
materinls on the south side of the southern and middle ronges, the rela-
tion of these strata to the adjacent iron formations, and the numerous
displacements in the south range arc belicved to be indications that
faulting has been morc important than folding or unconformitics in pro-
ducing the present structural pattern of the entire region.

According to the writers' inteorpretation, major fault zones
divide tho rocks of the rogion into a series of large fault blocks,
which in turn aro split into numorous smaller blocks. The major fault
zones, primarily, produced the individual "ranges", nnd it is probable
thnt cach "range" is onc of the large foult blocks. The south range may
be taken as an cxomple of the probable structurc of the individual
ranges and of the Menominee Range as a vhole.  The goneral structure
of the south range is novw doﬁicted throughout its entire length by the
sccond map accomvanying this roport.  Threc phoses of the general
structurc deserve amplification: (1) the structural rclationship of the
south and middle ranges: (2) the structural relations existing botweon
the south ronge and the adjoining area to the south; and (3) the
structures within the major block composing the south range.

The structural rclotions cxisting betwoen the south and middle
ranges are indicated toward the castern cnd of the south range in the
area botweon Loreotto and Wrucedah where these two rangos arc closcst to
each other. The Mmagnetic crest" indicates the position of the middle

range. The Curry iron formation shows the position of the south range.




If the suggested interpretation is correct, a fault block is between

the middle and south ranges and has as its northern boundary a major
fault occupying some unknown position south of the "magnetic crest",

and as its southern boundary the great overthrust fault which brought
Randville dolomite over the younger formations. At the eastern end of
the Menomince Range, therefore, the south and middle ranges arc scparated
by an upthrust fault block composed apparently chiefly of Randville
dolomite. Westward the distance between the south and middle ranges
becomes progressively groater. The exact conditions to the west are
not known, but it scems roasonable to assume that the same general type
of faulting persists, as indicatoed by the great overthrust fault west
and north of Quinnecscc, and conscquently, that the south and middle
ranges probnbly arc separated from cach other by major fault zones
throughout their ontire lcngth. Obviously there may be and probably is
variation in complexity and character of foulting throughout the entire
zone of scparation.

Along the soutn side of the south range is much covidenco of
faulting, although doubt as to the cxact age of formations to the south-
ward makes interprctation difficult. However, there is reason to believe
that to thce south is o scries of fault blocks, and that in a numbor of
places older moterinl to the south is in fault contact with younger
material to the north. Thesc relations have been cited in this and in

. 9
previous reporis.

The structures within the major block composing the south range
are complex. As a rulc the rocks strike north of west and dip rather
steeply southward or are nearly vertical, but locally they may dip

northward duec %o overturning. Polding hos been important, but the

LY

° Dutton, C.E., ~nd Lemey, C.A., Op. Cit., 1939, pp. 34, 8; 1940, p. 10.




dominant structural featurce sppnrently has been faulting of several
types and vrobobly of differont nges. One group of important faults
has a northeast-southwest trend; displocement along thesec féults pro-
duced most of thce local structures in the south range. These faults
cross the formntions diagonally and have caused offset of formations
with an overlanping arrangement. A second group of faults - those
through the Chapin mine at Iron Mountain, through the Norway mine at
Norway, and in the wostern part of the East Vulcan district - has a
northsrest~southeast trend. The goneral offect of the faults has been
to produce repetition of the normcl succession. Along some of those
faults relatively gront apparsnt displacemernt has occurred. Other
faults trend approximately ocast-west. In general, displacenents along
such faults produced overlops of the formations as if the northorn
segnent moved eastward, but somc of the faults in the vicinity of Norway
have the avparent disvplacement in the opposite direction. A fourth
group of faults includes the few vhich trend avproximately in a north-
south direction. Apvarent displacoment along these faults has been
smnall, and all of the offscts have not becen in the same direction. In
addition to the four systems are the overthrust faults, whose trends are
irregular - locally northwesi-southeast, northeast-southwest, or cast-
west. Great displircement has occurred along those faults and they nmay,
indeed, be extensions of major regional faults into the south range,
tending to narrow the range or entirely obliterate it locally, as indi-
cated to the south and east of Lorctto and to the west and north of

Quinnescc.




RELATION OF GENLOCIC STIUCTURT AID ORE BODIES IN THE SOUTH RANGE

The restudy of the Menominee district has been largely confined
to the southernmost belt of iron formation because of the important mines
located in it and the availability of geologic information. Data have
been compiled from observations of rock exposures, from dip needle sur-
veys, from mine maps, and from diamond drill records. These sources
have provided abundant evidence that although some folding of sirata
has occurred,; the present distribuﬁion and arrangement of rock layers
~are primarily the result of displacements along four systems of faults
which differ in direction and importance.

The sources of information concerning the geologic structure
of the Menominee Range have provided abundant evidence alsc that the ore
bodies are situated along the four zones of faulting but are not equally
developed along each system. The principal concentrations of ore have
been found along faults of northwest-southeast trend in the Chapin mine
at Iron Mountain, in the Curry mine and Norway minc at Norway, and in
some of the mines in the East Vulcan district. Cther concentrations
are along faults of northeast-southwest trend as ossibly i the Walpole
mine and Pewabic mine at Iron Mountain, in the Vivian wine a% Guinnesec,
and in the Aragon mine and Cyclops mine at Norway. Some »f the faults
of east-west trend arc present in the Munro pit west of Norway, in the
Aragon mine at Norway, in some mines of the Tast Vulcan digtrict, and in
the Breen mine and Emmett mine at Wauccdah. A few examples of ore con-
centration along faults of north-south trend have been seen also but no
extensive orc bodies of this type are known. These examples show the
prevalonce of faulting in regions of orc concentration. In fact, the

Keel Ridge mine east of Iron Mountain is the only locality which has



protuced iron ore and has no npnarcnt evidences of faulting. Dip
needle readings in this vicinity, however, give no indication of the
Curry iron formation. If the formation is absent, then faulting has
occurred here also.

The prevalent concept of relations between ore bodies and
geologic structure in the Menominee Range, presented in Monongraph 46,
is that the ore concentrations were located in pitching synclines where
the downward circulation of subsurfaoce wabter was directod through the
iron formations because of the impervicusness of the underlying slate
strata. The data asscmbled during this investigation indicate, however,
that all gcologic features in this rogion arc much more complex than has
been generally knovm, and that the proposed revisions concerning geologic
structure nre probably imporiant considerations not only in accounting
for the occurrence of orc bodies but are also of value in exploratory
operations.

All the orc bodics, oxcept possibly at the Keol Ridge mine,
are not only in local arcas of much foulting but have faults through or
alongside them. This relationship is interpreted as a result of
circulation of subsurfacc water along fault zones, with subsequent
concentration of ore agninst impervious rock barriers. Thercfore, it
scems probable that if additional ore is found it is likely to be
situated along faults rather than to be in folds or undeformed strata.
Furthermore, the amount of orc concentration scems to be related to the
trend of the foults, and although reasons for this condition are undeter-
mined, it seems advisablo that cxploration be ecspecially directed toward
areas in which faults of northwest-southeast or northecast-southwest
trends are known, or are likely to be present.

Faulting of the iron formations, however, is not the only

condition necessary for the formetion of ore bodies in the south range,
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“as faults without krown ore bodics are in such localitics as west of
Iron Mountain, Quinncsec %o Yorray, and Lorectto to Waucedah. It is
likely that a combination of facto¥s such as the sequence of foulting,
the permeability of the formations, the tcmperature and volume of the
oxidizing solutions, or some other rcelationships also aided in the
formation of the orc bodies.

Although the combinations of circumstances which caused the
conversion of iron formation into iron ore are not clearly indicated,
the foregoing suggestions are nade in order that they mey be considered
by persons interested in the relntion of geologic structures to ore

bodies in the Monominec Range.
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