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ABSTRACT

The investigations in 1942 revealed three areas in which
here are possibilities of high grade iron ore, in the vicinity of
Quinnesec, Norway, and Loretto. The geologioc conditions in each
ares are described and presented by maps and cross-sections.

The geologic conditions of three other localities which
possibly merit some exploration are also aescribed, One area is
between Quinnesec and Norway, and the other two areas are between
Loretto and Waucedsah.

Previous explorations in or near each described area have
provided considerable information concerning the upper or Curry iron
formation and have indicated the vresence of faults. These explora-
tions have, however, left a lower cr Traders iron formation practi-
cally untouched,‘althoug' most of the known ore bodies in this region
have been in this formation and adjacent to fault zones. Thus the
possibilitics of ore bodies in the Traders iron formation at six
difforent localitics have not beon tested.

Information concerning the possibilitics of concentrating
selccted lean iron orcs was obtained from five samples which wore
examined at the Michigan College of Mining &nd Technology. A brief
description of the localities from which the samnles were obtained
and thce results of the examination constitute the final portion of

this roport.

°Department of Geogravhy and Geology, Wayne University.



INTRODUCTICN

A restudy of the Menominee Iron Range in Dickinson County was
initiated by the Michigan Geological Survey in 1937. Most of the in-
vestigatioﬁ has been in an area which extends westward from the village
of Waucedah to the Menominee River west of Iron Mountain. Three re-
ports, prepared in collaboration with C. A. Lamey, contain discussions
of the distribution and structure of the rock formations and the major
problems of the area. The portion from Norway to Quinnesec is con-
sidered in Progress Report No. 5, published in 1939. Progress Report
No, 6 presents the results of investigatioﬁs during the following field
season in the vicinity of Iron Mountain, ZEach of these réports is
accompanied by a geologic map showing the general intcrpfetatioﬁé
based on the data which werc assembled for ﬁhat'portion.:'Pfogreés 
Report No. 8 discusses the section from Norway to Waucedah and includés
also some probabilitics regarding the general geologic structure of the
Menominee Range énd the relation of ore bodies to geologic structure.
The third report is'éccompanied by a geologic map of the entire re-

studied arca, i. e, th

&

south range,

Although the field work in 1942 was done in the same area,
the objeetives in this year were specifically directcd toward the
occurrences of iron ore. One part of the program involved the attempt
to find localities in which drilling or other exploration misht pos-
sibly reveal high grade iron ore masses., The other part of the work
concerned the pcssibilities of concentrating selected lean iron ores

to an acceptable product of higher grads.



In the cozjilation and\ihterpretation of data for this 1942
report the writer was very capably assisted by Mr:. B. J. Westman and
his services are gratefully acknowledged. ‘The geological work, both-
for the past summer and for previous field seasons, has been under the
direction of Franklin’G.~Pardee, Mining Engineer, and Gerald E. Eddy,

Mining Geologist, of the Geological Survey Staff.

GENERAL GEGLOGY OF THE AREA

The investigation was very directly dependent upon the in-
formation resulting from previous geologic and exploratory work in
this area. A resume of the most importent features will provide a

foundation for some of the discussion in later portions of this report.

A normal succession of the strata hns been recognized for
some time. The Randville dolomite is the lowermost formation of the
succession accomprnying tie iron~bcgring layers, The dolomite is over-
lain by a series of slatss and quartzites which were designated as
UPpraders? slates in Monograph M6_of the United States Geological Survey,
and "Footwall" slates by L. M. Scofield, geologist for Pickands Mather
& Company. The Traders iron formation is next in the succession and
typiéally consists of an Altarnation of layers in which hematite is
more abundant than silica, with layers in which the relative abundance
ijs reversed. Above the Traders iron foruntion are the quartzosé to
quartzitic slates known =s the Brier formation, and then the Curry iron
formation, which is essentialiy“é{milﬂr ﬁoithe Traders iron formation.
Slates with some quartzite zonés are commonly pres.nt in a position

which suggests that they represent higher portions of the succession.
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These have becn called the Loretto slate and the Hanbury slate.

Although this succession has been>repeatedly substantiated,

uncertaiutlos Temain as rogxros the propor d0510n1t10n oi the strata
R T S ‘
in some exposurcs, The R&ndv1lle dolomite pres ents few problems of

identificitiohﬁ Thc Traderﬂ and Curry iron can usually be d1st1n—

guighed frou each other because the jasper in the Curxy formation is

conspicuously granular, whereas most of the jasper in the Traders

formation is very fine grained., Those members of tho succession in
which slates are abundant cause the gro tcst dlfflcultles of identi-

ficatilon, and fiﬁai‘dooiéioné fogarding all such strata do not seem
possible at the present time. 'Fof ciampie,dsomo;sfrata whioﬁ h;ve
been thought. to be Loretto slate or Hanbury slate may be reclassified
when more. work.has been-done on the problem.

An entirely different kind of rock in the area was formed

.
5

by the soll if“catnon oi‘molton material which was inje cted w1ong
fracturbs in tho“rock:otfata; These masses, known as‘diabase dikes,
ave been élﬁoroditoﬁéjfooﬁ of‘rodﬁish oroﬁo céiﬁé éod'have cracked
80 oxt@n"1Voly th £ tb ere are very few frogoeotb whose dlmbn51ons
exceed ooe 1nch. The dikes are commonly ‘one to o féet wide; tut
2 dike in tho ea » ond of tho Perkins pit at Norway has a ﬁidthvof
about ten foeg ‘ Exﬁosurbs of dikes are most abundnnt on the promlnono

hill north of ‘the tow of Norway, but dike material constitutes a very

small proportion of the bedfock‘suffxce.

.The general arrangement of the formation is indicated by:

their northwest-southeast trend, .their steep downward inclination -

. -
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toward the éouﬁg; dné the 5¢Eurrance of progressiveiy younger forma—
tions. :southwnrd from the Rondville dolomite which normally ioccupies

the northermmoat position in-the area, Locally, there are decided de~
partures from these gensral conditions, iI. e. strike mny vary consider-
ably becnuse of folding and faulting; dip may be northward ‘due to
overturning; and formations may be repeated or missing as a result

of faulting. A well defined fault pattern in the region consists of
~gystems of faults parecllel. to one of four gensral directions: (1)
northeast-Southwest, (2) northwest-southeast, (3) nearly north-south, -
and,(u)‘approximately east-west. Some folds are present: also, but

faulting is mueh more, prevalent in the area.

The thféé earlier Progféﬁs Reports §n>£his areﬁ‘ﬁé§érshown
that the occurrences of iron ore @re apparently related to.faults,
although ore deposits are not present in some localities where faults
exist, The soft . blue ore of the Menominee Renge ig believed. toihave
originated by a lesaching action which removed the silica of the iron
formations, and.thus concentrated the residual hematite into masses of
high grade iron: ore. One important prerequisite for the operation of
such a leaching. process would be very active circulation of the ore-
forming solutions. It is likely that the shattering of the formations
adjacent to the fault zones provided passageways for the silica-dis-
solving solutions whose activity is little understood, but which was,
nevertheless, localized and very effective. . Furthermore the record of
mining in this area shows that more iron ore hes been produced from
the Traders iron formation ﬁhan from tﬁé.Cufry iren formation, In

several localities the two iron formations are displaced by the same



faults and ore bodiss are present in the Traders formation, but similar
enrichment has not cccurred in the Curry formation, It is probable,
therefore, that the minute differences in the lithology of these strata

are sufficient to produce voriation in the formation of ore bodies.

in addition to the soft blue ore, the production of some

mines included a hard orec whose genral appearance is somewhat like
steel, The occurrences of this hnard ore cannot be described becausé
the writer has seen only fragments which were brought to the surface
during mining operationg. A comparison of the stratified structure

of the hard ore with specimens of bandued slates which are partially
convertsd to hard ore suggesty that this type of ore was produced by a
replacement of the slates, This process of replacement is as little
understood és the process of lenching, but it is hoped that proposed

petrographic studies may help in the solving of these problems.

AREAS WITH POS31B.LINIES OF HIGH GRADE ORE

QUINWESEC AREA

Introduction

The Quinncsec arca, northwost of the village of Quinnesec,
includes portions of the southeastorn quarter of gection 34, T 40 N,
R 30 W and the northeastern quarter of Bection 3, T 33 N, R 30 W. The
southern margin is part of the extensive flood plain developed along
the Menominee River but most of the arvea is part of a prominent hill

whose crest, north of the arca, rises about 300 fee$ abtove the plain,



) Although some open pit mines were in the area, previous
activity was essentially by underground operations, The Quinneses .
mine had four shafts inclined northward from which ten levels were
déveloied in the Traders 1lron formation, The Cundy mine operated two
shafts and obtained ore from seven levels in the Curry formation, The

Vivian mine, just west of the northwest part of the area, has two open

pits and four underground levels developed in the Curry iron formation,

The accessibility of the Quinnesec area is shown by Plate }
acppmpanying this report, The main ling of the Chicago agd Northwestern
railroad and a spur to the Foote shaft of the Cundy mine are locapgd
albng the. south ﬁargin of the area, and several abandoned railroad
grades cross the area, On the sastern side of the area, the county
road which extegds northward from Quinnesec and the road into the
Qﬁinnesec mine-have good gravel surfaces, whereas a wood road, of

rather steep grade, lies along the western edge of the area,
Geology of the Area

Tﬁe materials covering the iron formations and assocliated
strata in thisrregion consist mainly of glacial debris but & sandstone
capfock is also present innthé'ﬂbfthern part of the area, The overburden
of glacial drift is normally less than eight feet thick and is the typi-
}cgl unsorted/accumulation‘of boulders, sand, and clay. The caprock of
Cambrian sandstone thickens to Y400 feet as revealed by drilling near
the northwest corner of the area and is characterized by a steep southern
contact as if it had been deposited against a northward facing‘cliff of

an ancient gorge, or a prehistoric seashore. The distribution of the



sandstone is rot sbown on Plate 1, but that information can be obtained

from Plate 30 of Monograph 46 of tie United States Geological'éurvey;

The Pre-Cambrian rock formations exposed are thqse common to
tﬁg Menominee Range, All are in normal facies as described in the
f?e}ious pért of this report. The Eandville dolomite is present in
ledges north of the Q#inpesec mine. The slates and quartzites of the
"Footwalll seriéé are exposed ouly in‘phe north wall at the Quinnesec
mine; The Traders iron formatgon can be seen at the Quinnesec. mine
and in the small open‘pit to the enst, The Curry iron formation is
exposed in several t;eﬁches~north of the qnarter_poét between sections
34 and 3 end inAnumerous test pits sovthward in section 3 to the ?oote
shaf't of ﬁhe Cundy mine, The identification of the slates is very
difficult because of the complex arrangement of all strata and the
interpretation shown on the mep is based mainly upon the character and
rélations of adjnacent strata. The slates south of the iron formation
at the Quinnesec mine are undoubtedly a part of the Brier formation and

2

a similor distribution of formations exists at the smill open pit which

ot

lies to the east., Ilotos were oncowntoered in test pits or trenches
between the Quinnescce mine ard the Cuvrry iron formation which extends

across the southern pert of section 34 and also between this occurrence

.

of the Curry'form&tiqn ond onc forthor-ssouth in gection 3. The map in-
dicates that these slates were believed to Dbelong 4o the Brier forma—
tion, The presence of slates and thin quartzite layers south of the
Curry iron formation in section 3 was also revealed by test pits, but
positive classification of these materianls is lacking, although they

have some resemblance to strata in the "Footwall® series,



Tho geologic map of the Quiunesec area shows that the iron
fornations snd associated strata héQe a general no}tﬁwesf—sdﬁthégét
rtrond similar to most trends in thé Msnoninece Range and the é£5ss~
sgctions show that their normal southward inclination exists in section 3.
However, the strata in section 3N are not{ only igclined northward, as is
so remarkably exhibited in the Quinnesec mine, but the original succession
of formations is inverted--i,e., the Traders iron formation is overlain
by the "Footwall' slates and is underlain by the Brier slates, The:
goologic:map also shows two belts in which the Curry iron formation-and
Brier slates are present. This repetition and the inversion of the.
succession o strata might be the rssult of folding, faulting, or a
~ combination of these deformations. The uniformity of the strikes and
dips in the area, and the few folds found in exposures tend to support
the propability of faults rother than folds., The faults shown on the
mop and sections are based upon: (1) interruptiong in the trend of
formations 2nd of mggnetic crests as determined by previous dip needle
survey; (2) several diamond drill records; and (3) some mine maps.
Porhaps, due to the lack of sufficient information, the details of this
arca have not been adequately determined, but the proposed interprcta-

tions indicate the type of arrangements which may be expscted,

On the cross-sectlons, the fault which passes near the quarter
‘post of sections 3 and 34 is shown in a vertical position, One inter-
pretation of the geology indicates that the fault dips 75 degrees
northward but insofar ans is known no data concerning'the inclination
of the fault are availéble. Although the inclination of the fault and
the actual moverents of the faulted segments cannot be conjecfﬁréd,.

the plan of displacements suzzests that the northern side moved east-
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.Ward_and/or the sowﬁbern side moved westward, but if this fau}tl_
occurred earlier than the two faults to the north, iﬁs,effécts»would
indoubtedly have been modified during later deformation. The fau}f
_which passes south of the Qpinnesac‘mine is presumed to 56 inciigéd
northward invsmuch as éuch inclination offers o reasonable explapétion
for the limits of the Quinnesec ore body, ond for unsuccessful e;ﬁlora~
tion executed from theom}ne workings. The displacement along tﬁjs

fault appears to have been the result of a southward thrust of sﬁf—
fiCiént'ﬁéénitﬁ&é to overturn the succession of Formations in the
vicinitylof'theiQﬁinneséc mine ond cdrry the segments in the hanging
.'ﬁall'sbufﬁ 6f'€ﬁéir'00ntiﬁuationé across the fault, but erosion sub-~
"seqﬁeﬁt\to;fauiting”prdbably'reduced the amount of gap which resulted
from the ofiginél‘displacemént, The most northerly fault in the area
ié'also‘iﬁéiined forthward as revesled by drill rccords and mine records
‘ih‘the aféa adjacenﬁ'to the northern part of the westemrn boundéqr. This
fault apparently resulted from thrust dirscted southward and because of

the incompetence of the "Footwall" slates the Traders iron formation was

overridden by Randville dolomite,

Exploration of the Area
Suggestinng as to the exploration of this area are specific
applications of the gonerrl conclusions vpresented in the previous
Progress Reports conc.rning the Menominee Range, Inasmuch as the his-
tory of mining here has shown that the Traders iron fqrmafion has been
more productive of high grade ore than the Curry formation, and that
the ore bodies of the Traders formation have been primarily associated

with faults, the conditions in the Quinnesec area seem to warrant
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exploration at sevoral localities.

Beginéing &t the northern par@ of the area, one project could
inv@lve”thé location of and evalugtion,of.the segment of Traders iron
fo?ma@ion which Qaé previously joined to. the segment in the Quinnesec
‘mlne. Thls exploration should be by drill holes which should begin
north of the Qplnnosec mine ﬂnd be directed socuthward so as to pass
north of and under the loxer 1evels of the Quinnesec mine. These
holos should be started between the points designated A' and B!' at the

northorn ends of the lines of crOSs~sectlon.

Both segments.of the Traders iron formagién produced by the

] %éul} who ¢ trend carries it nenr the south quarter po t of section 3Y
should bc cons1dr red for exploration.’ This’ exploratlon should be by
drlll holes starting between ‘the lines of cross sectlon. mThe cross-
sections show thot holes near A-A' section should bu directed southward
and &hoso near B-B' section should be dirccted northward, bdbut @ata from
the first holes drilled in nny new explorations might indicate_some re-

visions of this plan for further operations.
It is unlikely that test pits or trenches will prove to be

a satisfactory method of exploration in the Quinnesec arca.

~  GREEN-CYCLCPS AREA

Introduction

The Green-Cyclops area is in the northern part of the town
of Norway and is situated on the south slope of an elevation known as

Norwa& Hill. This report concerns primarily an area 500 feet wide and
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750 feet long ir the central part of the southeast quarter of section
5» T 39 N, R.29 .W. As indicated on Plate 2. accompanying this report,
the area is readily accessible by road and although formerly served

by the Chicago and Northwestern railroad it is now 2000 fect from the

main lins.

A number. of abandoned mines are in the south half of sec~
tion 5 as shown on the index map of Plate 2. The western part of the
Green mine wns developed os the usual type of open pit, but when
operations were expanded eastward the method was changed to milling
down the ore to o haulage lovel along which the orc was moved to a
shafp.for'hoisting. The Cyclops mine was operated mainly as an open

pit but some shallow underground oper-tions extended westward under a

(also known asg Saginaw or Stephenson mine) were underground develop-
ments, but now resemble abnndoned open  pit operations because of the

extreme gsubsidence which s occurred.

.Go&logy of the Area

The loose surface materinls on Norway Hill are so extensive
that there are few natural exposures of bedrock, The overbufden'cbna
sists principally of gravel, sand, and clay of glacial oriéin. at
least 30 feet thick in places, but less than 10 fect thick over most

of the arca, .

Cn the most easterly part of Norway Hill the iron formstions
and asscciated strata are immediately below the glacial drift, but
elsewhere layers of Cambrian sandstone below the drift form a caprock

on the ﬁnd@rlying‘strata. Although this caprock is very thick in
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some parts of sccticn B, it is uvnlikely that it would interfere with

the exploraticn cof the aren..

The rock layers below the céprock. or below the surface
material whore no sandstone is present, are similar to those found
in many parts of the region, i, e. either iron formetions or slotes,
In the Green-Cyclops arca the Curry iron formation possesses its nor-
mal characteristics although much of it is fracfurcd and contains
cavities cpparently developsd by the removal of silica from jaspery
portiong. Locnlly, pockety of soft gramular high gréde ore seem to
have developod by thig process. The clates are essentially'normal
quartzose to quartzitic slates of the Brier formation, but in several
places they are also froctured hni shearedl. 8o far as known, no oﬁher
stratn in the succession nre exposcd within the area, but.sévcray

occurrences of dike mnterinl of normal choracteristics may be noted.

The goneral trend snd inclination of the strata have been
complicated by fﬁlﬁing émd faulting of the rock laycrs, but the map
and cr ss-sections show nn interpretation of the avoilable data. One
prominent fault in the aren hnyg a northenst-gsouthwest trend along the
south sides of tho Greon and- Cyclops plts. Another prominent fault
brought the Curry and Brier formations &djacént to each sther and is
exposed in the northwéstorn corner of the Cyclops pit. The apparent
trend of this fault is also northeast-southwest, aﬂd althougp\;t is
possible that it is of grenter magnitude than shown on the créss—
section A-A', there is little cvidence for any ¢stimate of the amount

of digplacement., A third fault can be scen at thc'Cufry—Briér contact

in the western end of the Barbara pit. This fault may be an eastern
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continuation of the fault in the northwestern corner of the Cyclops
pit as shown on the geologic map of ?late 2 or‘it ~méy Be an easterly
branch from that fralt, The fault in tﬁe wesfefn é&ge of.the Bafbara
pit was not observed elsewhere in the pif.‘nnd>§dﬁséqueﬁtly if it has
a continuation eastward ig may pass into the iron fo;ﬁatibn, or bend
northward beyond the northeastern corner of Barbara‘;it;‘OE be offset

by a small adjustment fault of north-south trend as 'feﬁresenﬁéd'on

the geologic map.

Except locally the rock layers in this area have a southward
inclination as shown on the crogs-sections of Plate 2, and conséquently
the Rrier slates underlie the Curry iron formation. Then, inasmuch as
no indications were.obsgrvod that the normal succession of strata ia not
present in this locality, the Traders iron formation should be below the

Brier slates, but so for s is known it has not been explored.

Exploration of the Ares

Ag stated previocusly, the Traders iron formation hms been more
productive of high grode ore than the Curry formation, ond the ore in
both formations hns been associated with fault structures, However,
former mining and oxploration in the Green-Cyclops arca have been al-
most entirely in the Curry iron formation, including to some extent
adjacent zones of the Brier slates. Inssmuch as the Traders iron
formation should ¢ceur at depth and should be affected by the fault
pattern described, it is possible that high grade ore may.be:present.
The two conditions do not guarantee the presence of high grade ore,

but undoubtedly warrant some exploration at this locality.

[
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The ore in the western end of. the Cyclops pit apparently
developed ip:either_the Brier:slates or a slaty member at the base
of the Curry formaﬁion,_and.because.the Qve;burden toward the east
;s commpnly less than u_feet, some exploration by trenching might be
ﬂcpnsidgreg, Any such programxought to include several north-south
,;renches'lgcated,nerth of the Green-Cyclops pits where faultsvoccur

Aiq,theABrjermslates or at the Brier-Curry contact.

Exploration of the Traders iron formation in”this area

_ .vaiogsly requires a program of dlamond drilling., The drilling should
‘bg’done,in & manper thot will provide data concerning the Traders iron
vnfo:matiap whcre.it has bgen,displaced by faults, On this‘bgsis four
ggngygl gituaﬁ?qns should be investigated:v (1) The area on the north
side Qf»ﬁhe fault along the Green and Cyc}opg,pits; (2) thg area on
bothﬁsides of the east-west fault north of the Green pit; (3) the

areas adjacent to the fault through the northwestern corner of the
Cyclops pit and the west end of the Barbara pit; and (4) the area under

a zone of broken Brier slates located approximately 250 feet north of

the Green pit,

The location and direction of drilling operations which
wbuld exﬁlare'the possibilities in thig area can be determined from
the geologic map and cross-sections. Although data are insufficient
t&’determiﬁe the arrangement of strata south of the fault along the
Gfeen and Cyclops pits, it seems advisable that exploratory drill
holes should begin southof the fault and be directed northward at
such an angle ag ‘to provide information concerning the strata between

the surface and the point where the Arill would pass through the fault
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to enter the iron formation north of the fault.

The fault which passes north of the Greea pit and the fault
from the Barbara pit to the northwestern corner of the Cyclops pit
displaced the segments of the Traderé iron formation in stich a manrder
that sepsrate drilling operations will be necessary to explore the

possibilities of ore along these faults,

The cross-section B-B! shows that the Traders iron formation
under the zone of broken slates along the northern edge of the area 1is
likely to be so arranged that both segments could be explored by the

same set of drill holes.
SOUTHWEST LORETTO AREA .

Iritroduction

The sdﬁthwestern part of the.village of Loretto is included
in the southwest Loretto area which extends westward to the Sturgeon
Rivér;A’The arca consists of parts of the northeast quarter of sec-
tion 1},‘T 39 N, R 29 W, and the northwest quarter of section 18,

T 39 ¥, R 22 W. The dimensions of the area for whichthe formations
are shown on the map, Plate 3, are approximately 2400 feet in ldngth

and 14500 feet in width.

The topography of thé area has resulted primarily from the
disgection of glacial deposits by surface run-off into the Jturgeon
River. The glacial debris accumulated as floodplain or terrace
deposits associated with streams whih were carrying the discharge

of outwash from melting ice.
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No minss are in the area but some previous exploration was

done by diamond drilling,

The accessibility of the area is well shown on Plate 3.
U. 3. Highwey No. 2 crosses ths length of the a;éa and the Escanaba,

and Iron Mountain Railroad crosses the width of it.

Geology of the Area

The southwest Loretto area is extensively covered by surface
deposits consisting of gravel, sdﬁd; and clay. Drill records shdﬁjfhat
these materials are at least 160 fedt thiék over some parts of the‘
area, but o few outcrops of Randville dolomite are near the northern

boundary.

In~smuch as the iren formations and associated strata are
not exposed, their identification ﬁﬁst‘be inferred from the drill
records which indicate that the stratﬁ are similer to those glsef
where.in tﬁé Ménominee Range. Absenée‘of expoéures also requires that
the arrangement of formations be determined by the interpretat;on of
drill records and of magnetic data obtained by vprevious dip nesdle -
survey. The genéral northwest-southeast trend snd the southward inj
clination of strata seem to prevail in the area, but thg duplication
of iron formition in drill records and such notations as "soap rock,"

"mashed slates," and "sheared slates" show that complications

evidently exist here.

The interpretations of the geologic structure in this area
resulted from study of a series of cross-sections bssed upon drill

reccrds, The interprstations of the subsurface conditions were pro-
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Jected to the approximate bedrock surface and the geologic map was
constructeds It should be readily apparent that in such a procedure
informative data may be insufficient concerning the many complexi-
ties which actually exist at depth, but, nevertheless, the geologic

map and cross-section present the probable structurz of the area,

The principal complication in the arrangement of the strata
seems to be the two faults indicated. The location of the northern
fault is based upon explorations in the eastern part of section 18,
and is extended toward the west because one record showed the Rand-
ville dolomite adjacent to an abnormslly thin Traders iron formation
near the iron pin at the sixteenth post., Insofar as known, no in-
formation concerning the inclination of this fault is available at
the present time, but farther east the fault appears to have been
the result of uplift on the northern side or a southward over-

thrusting of that area.

The southern fault is indicated in several records by
such informtion concerning deformation as previously cited, In
one place its probable position appeared to be vertical, but no
other data concerning inclinntion are availadble., The distribution
of formations along this fault as shown on Plate 3 reveals that
the relative horizontal displacement of the northern segment was
sastward and!or digplacement of the southern segment was westward.
The bulge of the Curry iron formation on the northern side of the
fault may be the result of drag folding or of a branch fault
associated with' the fault indicated on the map. In the relative

vertical displacement along the fault the northern block apparently
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L ! . ) ;
moved downwnr.ond nr the southerr block moved upward although the
‘bend in the Curry iron formation complicated the relations ships near

the line of cross-section.

The highest dip needle readings and the uyper limit of the

PR

Gurrj iron formation coincide throughout much of tnls area. In the
southeastern. corney, however, the crest of magnetic rendings lies north
of the upper 1init »f the Curry formotion as projectéd from drill. data.

 This relnationship is probably incdicative of further complexities,:but

sufficient informeticn is rot avnilable at the present. time to postulate

concerning the arrengenent of the strata.

Exploration of the Area

At the present time the best plan of exploration seems to be
to test those loenlities in whieh the Traders iren formation hes. been
rwest Loretio area apparently contains

displeced by faults and the sout

this combinatiocn of zeclogic conditiocns,

Most of the holes crilled during o provious exploration pene-

tisn rnd assocliated strata, but did not

trated the Curry iron fors
enter the Traders formntion. The other Arill hcles which provided in-
formantion concerning the Trader formaticn encountered it at a consider-
able distonce north of the fault which affected the Curry formation.
Consequently the possibilities presented by the interbretation shown

on the geologic map and cross-section have not been tested, although

almost a dozen holes have been drilled in this area.

The position of the cross-section wrs selected egpecially

to represent the minimum depth at which the Traders iron formaticn in



" the northern block is likely to be encountered adjacent to’ the fault.,
It would, thorefore, seem advisable that exploration might begin’ at
or near this part of the area, but similar geologic conditions should
exist at greater depth both east and west of the line of ;foss—
section, The segment of Traders iron formation in theisouthernvfloak
probably could be encountered adjacent to the faﬁlt atva‘minimuﬁv.
depth by explorations in the western part of ;;ction 18, bﬁthhé; A 
trend of the magnetic crast suggests that complex relationshiés ﬁé&

exist there.

OTHER AREAS FOR EXPLORAT]ON

Section 1, T 39 N, R 30 W

The area in section 1, T 39 N, R 30 W is located approxi-
mately two miles west of Norway and one mile east of Quinnesec, It
is a portion of the general trend of iron formations which extends
northwestward from Waucedah to beyond Iron Mountain, but, insofar as
is known, it has not been explored thoroughly. The Bryngelson shaft
is just west of the line between sections 1 and 2, and the Few mine is

a short distance east of the boundary between section 1 and section 6.

The previous dip needle survey of the area betwesn Norway
and Qpiﬁnesec revealed thot a magnetic belt extends through section 1,
It was thought that the magnetic belt represented a westward cortinu-
ation of the Traders iron formation which occurs at the Few mine and
the Munro mine of section 6, However, no indications of a second
magnetic belt to represent the Curry iron formation were obtained in
this section, yet the formation is present in the sections ndjacent to
the east and west. The possibility that the magnetic zone represents

the Curry iron formation rather than the Traders formation, or repre-
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sents beth formatisns, seemed witena®le becavse the dip needle readings
in "this section are much lower than in nearby localities where the Curry

.

" formation is vresent,

The ge olo jic maps accompenying Progress Rerorts No. 5 and
No, 8_§present an interpretation of the conditions existing in sec-
tion 1. The rock strata trend northwest-southcast and probably dip
southward at high » ‘glgg. If”tho:magneﬁic<crest throush section 1
represents only one 1ron.fqrmation,'the atsence of the other iron forma-
ltion would probab;y havg resulted from %ult]ﬂo, appar>ﬁtly trending

slightly north of wust from thb cast oumrtcr corner of 5uct10n 1 to the

. w
.

Bryngelson Huit. Althou gh thlb locwllty has no expo sures of bedrock
and the voolo ic COndltIO can be only inferred, it is possible that

portions of tha iron formations in the area have been converted to iron

. v

orc. Furthurmorc, as t‘ls ares is one of the two locallties in the
southern belt of iron formations without record of any extensive explora-

tions, it might, therefore, be very deserving of investigation.

LOBETTQ~WAUQEbAH AREA

‘The geology of ‘the Loretto-Waucedsh area is described in
Progress Report No. 8 and is represented on the map accompanying that
report. A belt of strata including iron formations extends southeast-
ward from near the center of section 18, T 39 N, R 28 W, %0 the Breen
ond Emmett pits in the novthern part of -sdéetion 22, T-39 ¥, R 28 W.
This pdrt of the region is somewhat unusual becawsé thé Rondville dolo-
mite, which has been displaced upward and southwasd by faulting, seems
to interrupt the continuity of the iron formations and werocioted strata

3 - . :
through a distance of approximately 23 miles. In thig interval
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the Traders Iron formation is epporently covered by overthrusted dolo-

mite which lo~ally covers the Brier slates and the Curry iron formation.

The éetefmination of these general relationships was made
rossible by the stua&fof.drili records;‘whiéh were, however, too in-
complete toagermit the deciphering of all the structural complications.
Most of the holes in sections 17 and 18 encountered the Curry iron
fofﬁation an& the Brier slates, but then paésed into the Randville
:&oléﬁite.u Thi; relati&nship ig part of the evidence of faulting in
hthé areé, andtindicates that the relative displacement of the dolomite
'Waé upward.u Accérding’to.the proposed interpretation, these holes
lwefé not drilled nt angles steep enough to encounter the Traders iron
fgrma£i§n, ﬁhich shouid:be undér ghe Brier slate; and south of the
'faﬁif. It is therefore 1ikely that prévious expldration did not test
~tﬁé.p0331bilities i this areé, énd that further éxplpration should
consider the édvisability of drilling at steep angles in order to be
more surélof obﬂaihing information'concerning the Traders iroq

formation.

Dip needle data in the southerh part of section 16 indicates
that the genscrel northwest-southeagt trend of the strata petrsists
there, but no exposures of bedrock are prosent in or near the area,
Drilling near the southenst corner of section 16 penetrated a suc-
cession of strata in whch the Traders iron formation was at a depth
of 560 feet and interpreting from projection it should constitute a
pert of the bedrock surface ot the section corner, It is therefore
fenéénable to guspect that the Traders formotion extends through the

southern pdrt of section 16, but it hes not been investigated, and
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although data“are insufficient to determine the location of .arrangements
of strata favorabls for the concentration of ilron ore, this area might

possibly justify some exploratory drilling.

PREL IMINARY INVESTIGATION CF LEAN IRON ORES

Throughout most of the Menominee Rangé the Traders and the
Curry iron formetions are composed of 1ayers hav1ng variable propor—
tions of hemotite and silica. Some ldyers are predomlnantly grains
of the specularite variety of hematite with minor amounts of quartz
grains., Other layers in which the ratio of the hemaiite and silica
is reversed are known as Jasper. The jaspers have é flint-like
texture rdsuléiﬁg from the veriety of silica present, and usually
have a meroon to purple color, beceause hematite 1is pr@sen€ as . a
finely divided pigzment but may occur as specularite also, 1In addigion
to these gxtr@me tvpes of layers, many others of intermediate coﬁpdsi—
tion are p;csent. Inasmdch as the iron formations consist of such
1ayers‘in d'variety of successions and thicknesses, the cohposition
of the Traders formstion differs from the Curry formntion, and speci-

mens from the same formetion in different localities exhibit an

equally wide range in composition,

In a few places the masses in which hemstite was predominant
have been sufficiently lrrge so thot they weré bodies of high grade
minable ore, but in othsr places the'pfoﬁortion of hematite is too
low to be oxtracted profitably, alchoﬁgh'the totéi iron content may be
very large. 1f, however, a mechanical technigpe of separating the

hematite from silica could be devised, the iron formations in some
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places possibly could be concentratzd to high grade iron ore. The

remaining portion of this réport deals with some preliminary inves-

- tigations of theze poszibilities.

Five samples of iron formation were obtained from local-
“ities in which the overburden is thin; thé volume of iron formation
is lerge; the shipping facilitiesd are good; and operation of an open
pit would be possible. A further consideration in determining fhe
localities to be 'sampled was the desire to obtain material in which a
_predominance of the silice appearcd to be segregated into thick bands
of jasper. This was ndvisable because it was hoped that concentration
could be effactod Qithout fine grinding, ags the cost of the fine grind-
ing prohibits its usé in recovery of most lean iron ores at the present
time.

Ono sampie (#201) of the Curry“iron formap?onlwas gbtained
at Iron Mountain., The material was token from exposures‘andﬁf:om'gn
abandoned it mine at the west end of the prominsent hill south of the
caved ground of the Chopin mine., The hill is approximatély 200 feet
high and the iron formation underlies an arsa about SOO'feét wide by

3600 feet long.

In the hill northwest of the village of Quinnesec the Curry
iron formation is in two belts, and material from the southern belt
comprised anothor sample (#205). The Curry iron formation at this
locality rises nbout 80 feet on the south side of the hill, and an

open pit mine could be approximately 300 feet wide and 1400 feet long.

A sample (#204) of the Traders iron formation was collected

from test pits and dumps of abandoned pit mines in the northeast
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quarter of tre zouthwest quarter of section 5, T 39 N, R 29 W. The
area unlerlain by this iron formation 1s approximately 200 feet:.wide
and 800 fe.t long. There is a-rise of about 50 feet from the southern

boundary to the northern limit of the formation,

The area of the Curry iron formntion best gulted to open pit
operation in the scme portion of section 5 is somewhat triangular in
shape, contains approzimately 300,000 square feet, ~nd has.a differ-

ence in clevation of nbout HO fest. (Sample #203).

Arother sample, (#202) of the Curry iron formation coﬁsisted

- of material from the cast wall of dyclops pit No. 1. The irbn fofmar
‘tion in this vicinity is spproximrtely 250 feet wide, extégds fh;oﬁgh

a distance of 1000 feet, and the part of thé southward gslope wﬁiéh is
uﬁderlnin‘by it rises about 40 feet in clevation, The Greén anﬁ C?clops
pits were operated within this area. Their dimensions are showh oﬁ

Plate 2 of this roport.

These samples were tested by the Ore Dressing Department at

the Michigan College of Mining snd Technclogy. The results of investi-

2

gation are presented as on ~ppendix to thé present report.
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APPENDIX

S/MPLE TESTS

The examination of the samples and thelr, testing for con-
centration posgibilities was done at thé Michigaitdbilege of Minihé
and Technology under the direction of N, H. Manderfield, The saﬁples
were crushed and screened and then the possibilities of gravity éééﬁ—
ration were tested by the sink-float method deseribed iﬁ a paper bé
Frank J. Tolonen at the New York meeting of the American Institute of
Mining and Metallurgical Engincers in February 1933, Thé’péﬁéf was/
listed as Contribution #46 snd was entitled "Gravity Concéﬁﬁ?gtion ‘

tests on Michigaen Iron Formation."

The complete report on the results of these tests is too
voluminous to include here. The following summary gives the essential
facts obtained., The samples were crush;dftb % mesh (%ﬂ), a sfze which
would be practical for grnviiy concentration. The informationlin the
two following tables was taken from the g}aphs made up as a result of

F—

the tests,

Assuming thot a 51,50% iron natural would be acceptable, and
also that the moisture content of the concentrate would be approxi-
mately &b, the dry analyses of tho iron ore concentrates should be

close to 566. . Table I then shows the amount of concentrate that

could be obtaineds

Table I
Sample Percent Wt. Percent Metal Percent Fe  Percent 8i0s
No. Recovery Recovery {dry) (ary)
201 6 10 56 18
202 12 19:5 56 18
203 16 27 56 18
204 20 35 56 18.5

205 Nothing worthwhile
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If it is assumed that at least 8. 35 percent weight recover
: e y

is necessary, the follow’ng information is obtained from the graphs:

Table II

Sample Weight Metal Percent Fe Percent Si0Oo
No. - Recovery Recovery - Dry Dry

201 .. .. 35 49 g 9

202 25 50.5 ig 27

203 .. 3 55 52 >

20l 75 56.5 51.5 o5

205 . 35 50 oo 27

The screen analysis of sample #204 also .gives some informa-~

tion on the possibilities of concentrating these lean farmations by ..
gravity methods.
Table III -

Screen Analysis of Sample number 204

Size Weight Percent Percent Weight Percent

e weight Fe Fe Total Fe
o+l 280 16,381 32,8 55.14 17.03
-4+ 6 Lug 19.82 314 62.23 19.22
~6+8 - 132 14,69 3%,6 . 49,36 15,24
-8 + 10 20l 11.68 31,4 %6.68 11.33
~10 + 14 169 748 32.7 2l ub 7.55
~14 + 20 138 6.11 32.7 19,98 6.17
~20 + 28 100 4,43 32,7 14,49 L.ug
-28 + %5 75 3,32 22,8 10.89 3.36
-35 + 48 55 2.61 31.6 8.25 2.55
~-Lhg+ 65 50 2,21 29.8 6.59 2,04
~65 + 100 45 1.99 28.3 5463 1.74
-100 200 - 8,85 -+ . 34,0 30,09 9.29
2260 100,00 32,38 323.79 100,00

Sample #204 Was further crushed to 10 mesh and the results

obtained were closely prrallel to those reported above.

..~ This laboratory work shows clearly the intimate nixture of

tne hematite and the silica in the formations sampled.

o
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