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I. INTRCHUCTICH

Iron Mountein is the largest iron ore deposit
in Missouril and has orsduced a very large portion of
the 1ron ore of ths Stats. It is located in the south-
west corner of st. Francois county, just over the
boundary line from lron county and 8l miles south of st.
Louls on the st. Louis, iron hMountain and Southern
Railway.

Iron Mountain »roper 1s & low conical knob ris-

ing to a height of over 200 feet above 1ts base and pro-

Jecting sout h from a lerger and higher mountain forming

-~

one of the peaks of the St. Franceois mountains. To the

r

]

south it slcpes of I gradually %o form Little Mountain,
from the w5t known at 3Zig Mountain.
The mine was first opened in 18495 and has been
in almost continuous operation since that time. A
recent arilling campsign carried out on this »roverty
has proved the existence of reserves greater than
1

expected and thus, it continuss as the chiefl iron ore

deposit of Kissouri.

Liulletin #3, Technical series vol. TI, May 192S.

H
school of liincs =nd xetallurgy, University of
iigsouri - "The Laboratory CJoncentration cf the
lilssouri lron Cres of I[ron Mountain and #ilct rknob.”



II THE IRON CRES CF MIS30URI

a) Types and Location.

There has besn seversl types of iron ore of com-
mercisl grade mined in Missouri. kach hsve been segfe—
gated suficlently te form distincet districts. Crane
has separated them into eight claesses but this is due
to'his clessification by districts as well s by types.l

Beuhler has limited them to the three main types
whiei are actively exploited, as:z
| 1. speculisr ﬂeﬁatite in Yorphyry.

2. Hematite of the #illed sSinks.
5. Brown (res.

The specular Hematite in Porphyry is mined conly
in the Iron Mountain distfict‘and is fournd exclusively
in the porphvry of the St._Francois mountains. 1t is
described as & massive, crystalline blue specular hematité,
often highly silicious. |

The Hematite of the #illed sSinxks 1s a red hemetite
occupyiné old cave or sink structures, originélly‘filled
withmarcasite or pyrite. It occurs chiefly in the Cen-
tral vzark region. hese denosits are very irregular sand

variable gnd arc found only near the surface.

1. 4, W, Crane - ‘the lron vres of missouri; missouri
Bureau of Geology and lines, Vol. X, 1912,

Z. H. 4. Bushler - Geology and ¥ineral Deposits of
the Ozerk Heglons; aA.I.K.H. vol. B8, 1918, pnags 398.
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The Brown Ores are formed of both primséry and

secbndary limonite and occur only in surface clays.
The me jor portion of these dépcsits ars confined to the
eastern part of the Ozerk plateau'altho they are found
frequently in the western pert as well. The Brown Ores
have never beenvimportant and in production are greatly
exceeded by the Hematites.

4 brief summeary of the physiography of Lissouri
and of the geology of the Ozark Platesu is presented
later to set forth more fully the distribution of the
iron ore districts and their relation tc the stratvigra-

phiec formations.

b} Development and Production.
£11 the ores have been subject to & number of

descriptive studiss and investigations. Haturally, the

specular rlematite hes received the grester portion of
the investigations from their irportance in comparison
to the other types, with Iron mountein ss the typical

depogit.

It is recorded thet Marquette on & voyaze down the
Mississipni hivef in 1673 described a deposit of iren
ore in the river's blufr in the scuthwestern corner of
Perry vounty which 1s probably the first noted occurrence
of iron ore in missouri, Historiecal record was mazde of

its recgognition s early as 1789 by the inhabitants orf

Y
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5t. Genevieve,

he first attemnt to mine znd smelt iron

in the state did uot take plazce until 1815 when

Ashebran furnace was erected near Arcadia, Llron
ihis gives to lidssouri the distinction of being

Tirst state west of Uhio %o mins and smelt iron

ard Mountain altho some was mined locslly.

9,

The next attemnt tock place in 1819-1820

county.
ths

ore.

The ore was speculsr hemastite obtained chiefly from shep-

when

the Harrison-reeves Turnece was bullt nesr Sourbon,

vrawlford vounty. The ore was derived lncally from the

red and speculer Lemetite deposits and marks the first

utilization of the Central Czarks ore.

The Tfirst recordsd attempt to make use of

the

Brown ures wes around 1823 at the time Perry's furnace

was srected & few miles north of vsledonia, Weashington

cgourty. L1t is stated, howev&r, thet this ore was mized

with specular hematite brought from lron Mountain.

These early furnaces had & short lire and nro-

duced only a small output. The one excention

Turnace erected in 1829 at kermec Snrings, nesr

is the

5%, Janme

Phelps county, which opersted interumittently for a perio

of over S0 years.

l. G. w. urane - wgisscouri =urezu of teology and

Fiines vol. &, 1912,

C
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¥With the opening of the Speculer dematite de-
posits at lron moun ein, ot. rrancols county énd prilot
Knob, i1ron county, between 1845-1850 mizsouri came into
prominence in ths iren industry. wor the next 30 years
these deposits were actively worked and the 1lndustry
flourished, At the end of this period the more available
ore was exhausted and with & rapid decline in the price
of iron due to the discoyery of iron ore in the Lake su-
perior rHegion, miss&uri sufrfered considerable reduction
in its vproduction of iron cres.

The Limonites, altho existing in sbundant quan-
tities, were only snoradicelly utilizecd. It wss not
until the beginnirg of the 1900's that eny of these de-
posits were brought irnto steady production. Trom 1880
up %o the present there has been a continuous but fluec-

ntoduction of al

tuating 71 1 orss. It is to be noted, how-
ever, in referring to Table II, thet the increassd man-
ufecturing snd construction demands of the past decade
has resulted in sn increased producticon in Missouri. At
present St. Louls 1s the center of the smelting industry

for These ores.
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TABLE I

PRODUCTION OF IRCN CORES OF WISSOURI
(Up to 1911)

Year _ Gross Tons

Prior to 1850 . 100,000

1850~1860 | 310,000

1861-1870 - 625,000

1870 316 ,000

1871 240,000

1872~1879 incl. h : 7..852,694

1880 386,197

1681-1882 inel. | 504,007

1883 295,430

1884 233,255

18685 234,150

| 1856 379,776

é . 1887 427,785
% 1888 217,931
? 1889 265,718
: 1890 | _ 232,835
1891 , 138,356

§ - 1892 126,000
f ‘ 1695 | 86,965
é 1894 | | 75,689

A 1. G. W, Crape - Missouri suresu of Ceology
and Mines Vol. X, 1212,
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TAPLE I

FRODUCTION OF IROW CORES OF MISSOURI

(up to 1911)

Year fross Tons

1895 40,2082
1896 41,826
1897 56 , 256
1568 81,799
1899 | 54,506
1960 . 88,791
1901 72,252

1902 75,609

1903 54,350

1904 . 49,045
: 1905 | 116,686
%, 1908 103,992
1907 109,273
1908 95,721
1909 112,100

1910 78,691
Total 9,774,524

Totzl Value | #22,576,1%79

1. Go W. Crane - Lilssourl Buresu of Geology
end Mines Vol. X, 1912.

e A W JEM S Rh e e C————
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TABLE II

L

PRODUCTION’AND VALUES OF IRCN ORES OF MISSCURT

1927
1928
1929

Total

a) Three shippers end permission to »rint velues not Ziven.

i211-~192

Hematite COres

Long Tons

60,479
39,781
335,709
52,054

35,145

27,568

26,866
56,755
44,867
48,754
36,550

57,038

120,000
78,605
94,899

1,117,409

167,301

9

Total

Long Tons

72,783

Value

155,676

42,120 52,096
37,134 83,628
37,554 75,696
£0,290 99,855
34,914 116,484
38,908 134,906
72,708 270,357
53,856 223,144
54,994 230,827
36,560 &)
58,408 244,928
55,546 247,975
75,847 405,682
40,043 a)

124,731 532,536
78,605 315,670
94,899 377,847

168,934 851,085

1,220,469

4,267,180

1. Minersl Hesources of the United States; U. S.

Buresu of Mine=s.
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TOTAL PRODUCTION COF FACH

Tvne

Speculer Hematite in Porphyry

Red end Speculer Hematites of
the Central Ozarks

Brown 0Ores
Miscel laneous

Totel

TABLE IIT

{Up to 1911)

TARLE IV

MY isTab s %
TYPHE OF IRON RE

Tons P

5,627,799

%,072,637

291,656

142,532

9,124,624

55.64
3.19
1.58

100.00

TOTAL PRODUCTION BY MINES OF SGPHCULAR HENATITE IXW

Pilot Enob
Shepard Mounteain
Cedar Hill
Buford Mountéin
Russell Mountsin
Shut-in

Misceellenous

PORPHYRY S

(up to 1811}

Tons
3,939,299
1,589,640
75,000
25,000

3,000

Totel 5,627,799
1. G. ¥W. Crane - Missouri ruresu of Ceology

and Mines vol. £, 1912,
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c) Theories of Origin.

In 1854 Whitney described Iron Mountsin and
The ores but at thet time the main ore bedy had not
been disclosed asnd only the loose boulder ore st the
surface was belirng worked.l Gorresponding to the
erruptive cheracter of the porphyry held et that pé?—
iod, the iron ore wes also considered tc be of & sim-
ilar eruptive crigin.

The first report of the Missouri Geclogical

.

Survey to decl with Iron Mountein was issued by Prof.

Pumpelly, Tuen director, in 1872 in which Dr. Schmidt
described the depeosits and studied theilr probsble origin.

v

Wow that the ore in the solid porphyry had been discovere

=

end worked the problsm beceme one of the relsation of the
ore to the Porphyry. Scehmid?t re jected sll probabllities
of & megmatic origin, opposed the idea of segregsation by’
rercolaeting waters of megmatic source but argued for the
possibilifty of infiliration and percipitetion in cavaties
and fissures by metsorice iron-bezring weters from the
overlying sedimentary rocks.

Ti'wenty yesrs laber when misscuri had fallen from
6tn to 13th plsce in the production éf iron ore in the

3 .
United States, the missouri veologicel survey lssued

1. J. D. whitney - Minersl wealth of the U.S. 1854

2. K. Schmidt - 'T'he Ilron ures of Kissouri; Heport
of the iKissouri Geologlicel survey for 1872,

3. . L. Mason - Iron Qres of Missouri; Missouri

Geological survey, Vol. II, 1892 - Letter of
Transmittal.

10
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enother report on the iren ores, Concerning Iron

Mountein Nason agreed with Schmidt in the fact thet they

-1
were filled Tissure deposits. te derived thne ore,

however, from the origin&l iron oxide content in the
porphyry whieh had beén eroded away.
The latest and most complete report2 was nub-
lished in 1912 by the Lissourl Bureau of Geology
and Mires, gy this time Harworthé had comple ted his
studies of the crystalline rocks of missouri and
more exact relstions between ore zand porphyry had
beenvinveStigated.' Hence, urane proposed fhat de-
posifion of the cre wes brought about by fissure
filling accompanied by replacement of the porphyry
thru the sgeney of hot magmatic solutions. Hurther-
more, he held replscement td be the major phease.
Additional contributions to the literature of
the iron ores of Missourl since Uranes work has been
confined solely to the subject of the district of Iron
Mountain, ‘The foregoling articles have discussed the
other ores sltho mention of it has not been made in

4
this paper. FPer Géljer, after an inspection of

e

1. t.L. Fason- Iron Ures of sissouri; Missouri ceo-
logical survey vol., LI, 18%2.

P2 G.WeoCrane-Missouri Bureau of eology and Kines,
vol. &, 1912,

3 m. Harworth-The urystalline wocks of missouri;
Ifissourl Geological survey, vol., &, 1894.

4 rer Geijer-Iron urss of american and sweden;
meonomic Geology vol. %, 1925, puge 299.
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severzl ore deposits in the Unitvsed states in 1918,
mede some comparisons of these dencsits to similar
iron ore deposits of sSweden and Finlend and class-
ified ithem &s lissure fillings by solutions apnrosch-

ing ﬁagmatic tempersture. He belleved Urahe ex-
aggéfated the amount of replacement altho he szdmitted
replacemnt was present.

Jife fur;her investigation of these ores cccurred
until spurr visited the area with members of the
Missouri veological survey in 1927, Eis observa-
tions led him to Qonsider the ore to heve been Tissure
filling by essentially fluid iron ore not pnredominant-
ly gaseous or equeous. In 1929 singewald &and i‘\:‘iilton2
published & paper aftsr inspection of the area and
study of thin sections. They cane t¢ the support

of urane by attempting to demonstrate replscement

gnd to prove subordination of fissure filling.

1. J.E. Spurr - lron ures of iron Mountain
and rilot rknob zngineering und Mining
Journal reb. 26, 1387, page 363,

2. J. T. Singewald asnd ¢. Milton - Crigin
of Iron Ures of Iron Lountsain snd rilot
Knob, Missouri; irenssctions of the &.1.
.2. (Yeasr Book) 1929, page 330.

12



PHYSIOGRAPHY OF MISSOQURI

Missouri is separeted into three distinet physi-

ographie regions:

1) The Uplard Plain

i
i

2) The (Czark Plateau

3) The Swenmp area of the Southeast,

According to fenneman's ~hysical division of the

United states it falls into the twe major divisions

of the Interior Plains in the Forth and the Llnterior

S

Pleins of the south.

SRR

tnterior Plain

ey

a) Dentral Lowland
1) Dissected i1l Plairns
L)

£) Osage Plains.

luterior Highklands

R R SRR L R

£) Ozark Pls teaus

+1) Springfield-Szlem Platesus.,

The central vLowlend ocoupies the entire state

. north of the missourl niver, called the bissected
f Till pPlains and the small northwest corner south of
& the Missouril wiver, which comprise the Usage Plains.

The Ozark Platesus occuny the remainder of the sState
wilthh the exception of the extreme scuthssst corner.

This 1is the Mississippi salluvial Plein which is part
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of the Atlantid costal Plain.

fennemen 's ventral Lowlend is idenifical with
the Uplzand Plain arca. Lt is & region of broad
unduleting preiries underlain by a great series of
shales, sandstones and limestones whose surface is
slightly ineclined to thé socuth., The Streata are
very regular =znd even but pitch at a low angle to
the north, opposite %o the glope of the surface.
1t rises toward the North to reach an elevation
of 1000 feet &t the northern boundary line of the-
State. |

The Czark Plateau is a dome-like region which
slopes gently in all directions from the sastern
highlend area of the sSt. Francois Mountains snd has
& gensral elevation of over a 1000 feet. The =t,
#rancois Mountsins &rc¢ an extensive group of granite
and Telsite porphyry hills of rounded or conical
masses more or less grouped altho individusl hills
are frequently isclsted. The peaks have no gerneral
averége hei zbt and wvary froﬁ s hundrsd to seversl
hundred feet above their beses. The highest reaches
up to an elevation of 1800 feet. 'he hills are
sepsrated by rather broad, somevwhezt tortous valleys

usually floored by sedirmentary rocks. 'he flarnks
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of this central highlend are gently inclined line—
stenes with some shales and sandstdnas, ''o the eaét
of the st. rrencois liountins they have a much steeper
dip then to the west, to which they extend a greater
distance. As the border of the rlatesu is reached
the siream gorges become deeper and the surfeace in-
creasingly rugcged. bue to the charaeteristibs of
the limestone, springs, caves &nd sink holes afe
numer ous . )

he sWwamp &resa tclthe‘southeast is in marked
contrast to the othef'regions. 1t is & flat poorly
drained area,vnot more than 300 féét above sza level,

consisting of Tertiary graevels snd recent alluvials.
IV GEOLOGY OF THE OZARX REGION

The major structure cf the Ozark region of
Missourl is a gentle elliptical dome-like plateau
with its exis running from near St. Louls to the
southwest for a distance of 140 milss. The eastefn
slope of the surface is approximetely one degree
while to the west it is much less. To the west,
north end east the slope 1s impereentibly joined
into the Plains. To the south and southeast it

terminates more abrupntly.
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The core of the plateau is the igneous rGoks

which form the St, Francois Mounteins. They &are

~situated slightly east of the actual central area

and dip eway under the sedimentary rocks in all
directions,. These igneous rocks are comprised of
grauties snd porphyries with the major nortion formed
of the pcrphyry which is mors prevelent to the west,
The entire crystalline rock srea covers above 70
square miles, |

The stratigrephic horizon of nearly =11 of the

sedimentary rocks of the Plateau proper is limited

tc the Cambrian Ordovicen and silurian formations

which outcrop in roughly concentric bends around the

St. Francols lMountzins. The formations are maialy cherty
and non-chervy dolomites and limestones with a few
sendstones and occcasionally shale. The ¥Middle Cam-

brian is contiguous to the ignesous rocks and starts

v

with a besal conglomerate. The harger part of the

L

region is underlain by the Upper Cambrian and Ordo-
vician, Along a narrbw band on the eastern edge of the
Missouri there are found 31lurien end Devonian strata.
The younger Palacozoic sedimentary rocks practically

surround the edge of the plateau. These yourger

sediments formerly covercd the entire area but have



been eroded away. In Genersl the beds lie anprox-
ima tely horizontzl showing little signs of distur-
bance but gently dippine awey from the central
igneous area. To the east where the dip is stesper
the beds ouicrop in compsratively narrow belts par-
alleling the Kississippi River.

''here hes beecn scme slight faulting which oc-
curs chiefly in the region of the St. Francois
Mountains. ~ In the other areas it is quite local-
ized. Igneous &activity is abssnt with the excention
of & few basie dikes in the ignsous Tocks.,

To present the geologicel history briefly it
is first ‘to be noted that between the Pre-Csmbrian
and the Usmbrian there was a very long period of
erosion of the igneocus rocks before denozition of
. any sediments. ‘f'o the end of the Cémbrian, when
a‘general uplift occured, there was continuous de-
position. The break between the Cambriaz end the
Ordovicilan is marked by an extreme unconformity
after which deposition was sgain commenced end con-
tinued uhdisturbed up to the end of the yississippian
when another roéion Intervasl occured. Ffoliowing
the Pennsylvanian there is anbther untonformity over-

lain by uncounsolldeted Tertisry sediments outside

17
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of the Ozark area,

The charactzristics of the sediments are be-
lieved to indicate a deep sea condition during the
gerly periods followed by & more or less shallow
sea which sliows many Tluctuations. In lats Palze-
ozolc time this area was never far below or far
ahcve sea level,

The iron ore denosits occur exclusively in the
Ozark Plateau both in'the lgrneous srca of the st.
Francois Msountains &nd in numerous snd scattered
localities in the surrouading sediments,

1% is believed that the cres of the igneous

rock ares was orizineted by megmstic solutions ra-

lated to the source of the igneous Tocks. The other

ores are replacements or depositions resulting from
meteoric solutions leaching the iron content from

the overlying sediments,

The geolcgical column which follows hears seversl

notes on the stretigraphic ocourrence of the iron
1ls

ores end e&lso shows the tynes of sediments.

R e A——— e
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GEOLOG

QUATHERNARY

Recant
Alluviel vepesits
ttedidual Deposits

Pleistocens

Loess

iaclal drift
TERTIARY

Lafavette 50;

Lagrange 50

Porters Creck 250

CAL COLUMN

gravels, sands and clays

chert, sands and clays.

fine yellow clay

gravel, send and clsy

chert and gravel

loose sand and clay

- == == = - = - = = = {Uneconformity - = = = = = = = = =~ =

Missouri 1075
Des Meinss 700
Plessanton - 75
lHenrictia 50

Cherckea (a) 500

shale, ssndstone and limestcne

limestone, sand and shsale,

saudstone end sheles.

= = = - = = == = - - - Unconformity = = = = = == - - =

MISSISEIPDIAN

Chester
Birdsville w 75
1'rihun 50
uypress 50

shales, limestonss and sandstones
grey limestone znd merl

ferruginous sandstone.
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St. Louis,

st. Genevieve 100 tThick bedded limestore

S5t. Louls 150 fine greined limsstone
Spergen 100 colitic limestone
Warsaw 75 colcred shale
Feokuk 20 cherty limestone &nd sheale
Burlirgton (b) 100 cogrse grained limestone

Chemung or kKinderhook
Chouteau ) fine greined limestone

Hannibal ) 7 calcareous shale

(o))

Iouisisna ) . thin bedded lirestone.

DEVONIAN

Sulphur Springs 275
Bushberg yellow sandstone
Glen Park sendy limestone
- = < shale

Grand Tower

Jamilton 79 sandy shsle
Cnoncsge 25 colitiec limestone
clesr Ureck 100 cherty limestone.

Bailey _ i00 cherty limestone
Nisgare 25 clayey limestone
isirardeau B0 thin bedded limestone
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ORDOVICIAN

Hudson Hiver 50
Kimmswick )

v 200
Plattin )

Joachim 100

shales
coarse grained limestone
Tfine greined limestorne

thin bedded dolomite.

- = - == == - - - = TnconTormity - = = = = = = = « =« &

St. Peter 185

nassive sendstone

“- - =--= =~ === Ungontormity = = = = - = = ~ - - -

UPPiR CAMBRIAM

Jefferson uity (d4) 500

roubidoux le) 100
Gasconade () 50
tunter 26

dolomite
cherty sandstone
cherty dolomite

sandstone

- = = =~ ==« - - - UnconTormity- = =« = = = = - = = = « .

Proctor 75
mmlnence 100
Potosi (g) 300

thick bhecdded dolomite
cherty dolomite

sherty delomite

- = == === = = = -Unconformity- = = = =~ - - —— - - - -

Elvins
Uog Run 50
Uerby 40
Davis 150

MIDDLE CAMBRIAN

Bonneterre (h) 350

Lemotte (1) o 250

r

fine greined dolomite

dolomites

shales, limestone & conglom-

crate

heavy bedded dolomite

fine greined sandstore.,

- = = = == = = = = Merked Unconformity - - = -~ -~ = = = = - -



SRE-CAMBRTAN
Diabase : gresnstone
Brecgia and ruffs felsite s and porphyries
Porphyry (J) fine grsined Telsite
uranite coarse grained grainte
' ranging to porphyry.

a) A few thin beds of esrthy red hematite

b) Considerable importsnce as sn iron formation
¢) Clinton lron Ore guestionsble

d) Many limonite denosits.

ej Direotly sgsoclated with impgrtant depbsits

f1 One of the principsl ore horizons in the state
g) A few important denosits of prown O0rae.

Th) A few limonite depcsits

i) Conglomerate conteins ore houlders

'j) SBpecular Uematite deposits.

b

his column was compiled from that found in the
1
work by Urane adjusted to sgrse with the column pleced

on the wtate wecloglical Map of 1922.

1. C. ¥. Ureane - “he iron ures ouri; Missouri
1

Burezu ef Mines end 120
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¥V THE ORE AT IRON MCOUVTAIN

a} Occurence

The workable ore at Iron Mountain is found in
three distinct types of oooureﬁces
1) Boulder ore in the surface clay
2) Conglomerate ore in beds between the
pornhyry end coverlyling sedimentary rocks.

Vein ore extending in depth into the

€A

DOT PRYTY »
"he bouldsr ore scnsists. of varying sized boulders

of speculer hematite embodded in the colored clays at

the surface, The lszrger sud more sbundant boulders are

&

found neer the top of the Meuntsin snd decresse in zize

snd frecuency on the lower slones, ihese boulders re-

“present the remnants of the veln ore in the porphyry

4

which hes besn pertly eroded eway and pertly decomposed
to Torm the cley surrounding the toulders, It wes not
until this boulder ore hed been woriked away that the

vein ore in the porphyry was disclosed.

[

1he vonglomsrate ore is composed of anguler snd

1

sub=-angular -boulders and pebbles of speculer hematite

embedded in a greyish srkosic seud. It regts uncon-

formably upon the underlying porvhyry end vein ore &nd



is overlein unéonformably by the szndstone =nd lime-
storne Tommations.,  whis ore is thought to be the re-
sult of the erosion of ihe porphjry and vein ore be-
fore deposition cof the Cambrian sediments. At Rig

Mountein a conglomerete ore bed hes been worked which

5
<t
)

fia
(@23

extends over & thousand feet in length and up

feel in thickness. It decreased in thickness =as the

Couglomefate ore at pLittle MOuﬁtéin hasralso besn
worked but at a much less.degre@. some svldence vwas
shown which indicetes thatrthe conglomerate weas con-
Tined to ravine lixe depressions in the surfece of the

DnOrphyry.

The vein ore is the nzrent mass from which the

2

other types heve been derivsd. - It was best develoned
at vig Mountaln where the mein vein 8C feet in width
wzs formed &s an inverted "UM™ with the legs 156 to 18
feet thicl. Yhe porphyry, sometimes noticeably al-
tered, conteins meny small irregular velns and messes
of" ore., with depth the veins diminish in width znd

in the case of the maln velin &t Big Mountzin becone

too narrow Lo work at 150 feet in devnth in the norphyry.

23



Locally the velns are vertical but generelly occurs

r3

in nearly horizontal sheets or lzyers conformable
to the rough flow-structure or bedding in the por-
phyTry. The veins or sesms veary greatly in thiekx-
ness. Occasionelly they enlerge to irregular m=sses

o c¢onsiderable sgize or on the

o

]

ther hand nineh oub

to reappesr again only =z few feet away. Freguently
large end 3smell Tragments of the poiphyry ers em=-

Rough comb or saw-tooth structure often invades

the chief characlteristics of the ore.
The undisturhed vein ore hes never been Tound

in the grenites. It is entirely confined to the

k

‘elgite porphyry of the igncous roock area. Flgures
1 end 2 of Plate V and Tlgzures 1,2,3, and 4 show many

of the characteristic cecurernces of the ore at Iron

Mountain,
b) Cheracter c¢f the Ore.
The speculer hematite veln ore is & dense steel

gray crystelline hematite with a high metallic lustre.

.
ble

It hes a fine to medium greined texture, Noti

Q

54

m

platy or lanellar structure iz common snd several
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grezins mede up of superimposed plates were observed,
This plety structure is especially marked when viewed
edge on.

1t hes an uneven fracture, usually cleaving.
off in wedge like piéoes and &t times splintery. It
is quite generelly megnetic altiho not alwsys at-
tracted by the hand magnet, This megmatic nroverty
may be due to inclusions of fine grained megnetite.
Octahedrons of ilartite have been reported but none
were observed 1n the specimens.l

Many.inclusions of bledé shaped silicete messes
are present. 1n the veins, altho not everywhere,
they are often lerge, at least & foot in length,
and exceedingly numerous., They are cheracteristically
formed extending perpendicularly oul from the vein
wall along which they occur, figures 5 and 6 and
Plate 8 and 9 show the veln ore sccompanied by these
silicate masses.

Specimens carrying yeliowish brown to greenish

garnet were examined, The garnet cccurs zs velns

in the hemutiteé or as a groundmass of & brecclated
zone of the ore. Many well formed garneis wer

embeddad in the less well formed garnet mascses. 'The

1. G, %, Crane - Lissourl Burezu of ¥ines
' end Geology, Vol. ITI - 1912,
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contacts of garnet and dre are mainly irreculsr
in charecter, occasicnelly sharp but mere comion-
ly brenching out into small irregulsr veins and
protrutsences into the cre. In the brecciated
vones it surrounds the broken fragments of ore
and slso traverses them in small veins which tend
to be controlied by the frgcturing ir the hematite.
The gernet is intermixed azs well as veined Dby
quartz. General ly the quartz veins are compar-
atively nerrow and cut across garnet znd hematite
alike. The quartz is commonly colcred reddish
by iron oxide stains. A few smell open cavities
in the quartz veins ocour with a lining of fiune
needle like crystsls which were deternined to
be tremolite,

Plates 6 aend 7 are pictures of the garnet
sSpecimens.

The gquartz veins are nct only present in the
ore associated with the gernets but sre & common

B

ocourrence in the majority of the specimens.

e e



VI THE FuLSITE PORPEYRY:

Ilie porphyry irn which the specular hematite
cecurs is a dull dark brown felsite with well
distributed fine to medium phencerysis. It weathers
to a lighter brown speckled with whitish spots
of the altered phenocrystis. The phencerysts vary
greatly with & meximun size of about a quarser of
en irch end sre often rod shaped when small. They
have a yellcwish to dark green tinge. Tell defiﬁed
boundaries is the rule yet frequently a fringe of
lighter color wlith a wevy edge surrounds them,

The rock bregks with & sharyp flinty edge angd
a fairly reguler fracture. It is commonly traversed
by veins end fractures. Theée are noticeable sirce
they are of a lighter éolor and often have z wavy
indefinite boundary like the phenocrysts. 3Specs
end messes of hemetite occupy some of these fraciures
while lerger spherical messes are sceltered thruout

the rock.

In the study of the crystelliine rocks of Missouri

1

Harworth found the porphyry varying from red to green

27

1. ¥, Herworth - The Crystalline ilocks of Missouri;

Missouri Geologicel Survey, vol, 8, 18594,
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in coloy,. Red &né brown varieties were found in
the more centrelized sres of the igneods cutcrop
end sre the types in which the commerciel ore de-
posits are found,

The porphyries slsc vary in amount of nhen-
ceryste, Some areées heve porphyries with abundant
phenocrysts and others are trﬁly aphantic. The per=-
sigtence in cheracter, however, is msrked, with the
varis tions more loéél than widespreed. 4 bedded
or bended appearance is often given to the porphry
which produces an ‘zpparent flow-structure ard ac-
cording to Harworth is due to the scgregetion of
the feldspar phenocrysts.l Nason assigns this
feature to the weathering of the rocks.

Altho they contain no iron ore denosits the
grenites are gllied ic the porrhyries. they lie
beneath the porphyfy and are similar in cheracter
and censtituents. They aré described es medium
greined, pinkish or red colored granites slthe
gré§ varieties are known and like the'porphyry

1 .
have textural gradations, ‘he grenite is con-

1. Harworth - IMigsouri Geological survey,
vol. 8, 1894.

2. lason - Iron Ores of Miezouri - Missouri
Geological survey, vol., II, 1892,
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sidered to be & part of the same megmelic deriv-
ation as the porphyry but later in seguence. Spurr
les considered the porphyry as the first and upper
extrusion from the megma which hes been partly
chilled end then diiturbed to cause btrecciatlion
and flow?stfucture. _ Or friction of the upper
leyers against the colder surface of the cverlying
rocks is suggested to euplain the apparent flowage

of the porphyry.
The Silicete Velns in Porphyry.

At Iron Mountain the porphyry is cut vy a
highly altered vein of silicates. It consists
of dark grayish-green long bleded interpenetrating
forms with good lustre when viewed on the prominent
cleavsge féces. these bleded forms are quite 1ir-
regular in size end vary from an inch or two in
lengtl: end up to half sn ineh in width to dimeunsions

of considerebly less megnltude bubt are always long

in comparison to thelir width. when the intersect-

ing blades are broken along their cleavegs feces

1. J. E. Spurr-Economic Geology Vol. X, 1915,
TFage 745.
Zngineering and Minirg Journel, Feb. 21, 1927,
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there is a suggestion-of g pnlaty structure. At}times,
however, it has a more messive appesrsnce. A less
freqﬁent tut more proﬁinent feature gives to it a
presmatic chﬁracter which is due to the rather irreg-
ular fracture at nearly right angles tc the longer
dimensions. Except when the cleavage is present il
hes an irregular fractwe.

‘Along the edges of the fractures and cleuvages,
small fragments have a glassy'luétfé and are dark
green to yellowish in fransmitted light. Ctherwise
it is dark end opa@u@, or'ten with a2 reddish tinge
probebly due to iron stains which is develbped to a
deep brown coibration on the weathered fraotureé.

Specs and irreguler messes of hemetite sre
scattered unevenly both in and between the silicate
bledes. Next to the contect between porphyry and
silicate the hematite is mueh more gbundant while the
crystal forms are smeller and less reguler.

Generally the silicete stand ocut lengthwiss
from the vein weall. It has no constant angle but
it is usually nesrer to g right angle fhan to one
less than 45 degrees, |

A fuller dsscription of the silicate will be

found in the study of the thin ssctions.
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VII MISCROSCCOPICAL RELATIONS

'a) The Porphyry

The porphyry is conposed of a holocrystellin
but very fine groundmass of feldsper end quertz with
ebundant feldspar phenoorysts. The feldspsr is
orthoclase and a plzgicclase between oligoﬁlese end
andesine with exceedingly rare mirocline. The
feldspars are aboutﬁequal in emounts which would in-
dicate the groundmass to contain principally orthoclass
feldspar.

The groundmess has a slight varistion in grain
size. With an increase in the size of grein the felds-
pers become lath-like which produces a rrominent
trachytic texture. It is this charecteristic which
causes the groundmass %o have =2 flow structure. This
is heightened by the feact that thers is & tendenéy to
flow around the phencerysts. Small grains of hematite
are scattered thruout the groundmass in varicus
sizes and forms. It is found in individusl grzins,
in strings of small grains, in spherical masses sur-

rounded by & fringe of very fine grains whieh are



blood red in transmitted light and also a&s & prom-
inent border around many of the phenocrysts. ‘'Ihe
Iron Oxide is very persistent and abundant and all

of the porphyries as well as the granites have this
1

523

feature. There ere also many smell scsttered grains:

end bunches of leucoxene and epidote. FHowever they
are nov nearly &s abundsnt or as evenly distfibuted
as the iron oxide. Yet Harworth found some of the
porphyriss so strongly impregnated ﬁéth epidote

as to give to it a green coloration.

The phenocrysts are comprised wholly of felds-
par. Meny of the porphjries have guarty phenoecrysts
but it is a charescteristic of the red snd brown por-
phyries of the lron Mguntain district to have only
feldsper phenocrysts. They vary from very fine
fragments d&ifficult to distingudsh from the greins
of the groundmass tc large euhedrsl grains, In
generesl it 1s in well formed greims but showing con-
siderable sbsorption end fracturing. When the

phencerysts sre not deeply emhayed by the groundmeass

the contacts may show very fine irregulesrities due

1. £. Harworth - Mikssouri Ceologicel Survey,
vol. 8, 1894,

2. E. Harworth - Missouril Geological Survey,
vol. 8, 1894.
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to the indentation by the individual greins of
the groundmsss. At other fimés, the contsact
is wavy end undulatory. The ﬁhenocrysts are
commonly broken or fractured and likewise Tor the
feature of absorptidn there is no merked differ-
ence between the effects upon the orthoclese end
the plegiocclase. Distircetly enguler pieces have
been broken out of “the laerge phencerysts whilk
many small angular fragﬁents are scatltersd in the
goundmass.

The Phenocrysts are usuelly free from the
iron oxide greains. when present, however, they
occupy fractures or are found along cleavage planes.
The majority'are bofdered by & fringe cf iron oxigde
grains. A few show slight kalonizeticn. Others
are altered to =a chlérite'while some are only part-
ly changed. Rarely a few smell epidote grains sre
found grouped in the interior of a phenocryst. Other-
wise the feldspar is unaltered with the exception of
a little highly‘birefringent mineral which is also
sparingly scattered thru the groundmess.

Epidote is also found in many small irregular

grains usuelly aessoclated with a bordering mass of

33



iron oxide and apparently oécupying a forper
feldspar phenocryst. Thé alternation of the
phenocrysts is generally ohscrved to proceed

in successive stages by the increased intro-
duction of'iron oxlde in larger and‘larger
amcunts which hes & spherical outline. Leu=
coxene isg prominent. 1t is chiefly asscocizs ted
with the iron oxide and surrounds 1t as a rather
wide border. It 1is found,'as well, elong the
edges of the feldspar phencerysts in messes of
numerous greins. At intervals an apatite
crystel was observed Inecluded iIn the phenocrysts
cr sssociated with the impregnation of the iron

oxide into the aress of slterations.

—— e e et e,
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b} The Hemetite veins

The contesct between are and porphyry or
gangue minerels is extremely irreguler and shows
meny deep embeyments and protrubences. The em=
bayments ere angular with some suggestion of the
- feldspar phenccrysts of the porphyry in cutline
or of the blade shaped silicate assocleted with
the vein ore. Cecasionally an angular fragment
is oﬁly perily penetrating inte the ore with the
vart projecting éut from the ore partly if not
completely bordered by a baud of the hematite,
The numerous inclusicns lying well within the hem-
atitle and the others partly surrounded by the ore
shows the successive steges of ercroachment. in
some areas thin plates or scales of the hemetite
stend out et a constant engle from thenmmin mass,
The plates are frequently intersecting snd the
angular‘spaoes within are filled with gangue.
This 1s an especielly cheracteristic feature of
the garnet boundary.

The ore veins are highly fractured and brec-
ciated with the fractures fiiled with gangue. It

also encloses well distributed ineluslons of great

e e e N . er———— e e ey - b — i s B
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variation 1in size, shane, amcount and composition.

The presence of the ore hes very slight effect
upon the porphyry. There is practicslly slways a
border of gangue between the ore =nd the porphyry
and in the one’exception noted in which a mcsailce
cf quartz is not a prominent feature, there is a
bend of leucoxene elong the ore. The leucoxeéne
is found in sphericel masses eround the individual
grains and small messes separated from the velin
end along the enfire veinwall as & comparatively
wide beand.

Beyond this border of gangue next to the ore
there is often a stringer of ore of irregular width and
s@ape lying roughly pareliel to the contact and next
to the porphyry. Then there is & decreasing amount
of introduced hematite grsins and masses in the por-
nhyry with increasing distance from the contasct until
normel conditions are resumed. With the exception
of this ingressed amourt of iron oxide snd a slight
vut-varisble addition of gangue material and al ter-
atlon adjacent to the contact, the porphyry hes no
different charécteristics with increasing distance

from the ore conteact, There is sn occaslional



a7

fracture cuttiing across the ?orphﬁry and filie@ with
varying anounts of Hematite énd gangue but even this
causes no glieratiocn in the porphyry.

| #hen the hematite comes directiy in cbhtact with
the porphyry it hes an irfegular shape and frequently
the phenocrysts show replecement by the hematite‘along

fractures and cleavage plenes.

c) The Gangue.

L}

The gangue mirnerels associated with the ore are

Fusrtz. : Tremolite.

Carne t. Chlorite.

Caleite, Leucoxene .,

Epicote. Apatite.
Rutile,

Quartz - Quertz is the chief gengue minersl and
it is exceptional when entirely absent., 1t occurs
mainly as a comparatively wide nossic of grains be-
tween the ore and thé porphyry. INext in irportance
are the numerous and brenching veins cutting across
the ore or filling the fractures. In this latter
case 1t is found in widely verying grains from ex-
tremely fine to iarge irreguler sizes. 1t is also
present as a groundmess or filling betwsen the other

gangue minereals.



The Quertz lying between the ore end the porphyry

is usually quite fine greined which however, shows an

38

increase in size towards the ore awsy from the porphyry.

Yet it is never more than double or trinle in size
in that case. Here it fills the erbeyments asnd the
inclusions in the ore &nd acts as if there hed teen
ﬁeplacemeﬁt of the earlier mesterisls. This border
is frec of hemetite grains in contrsst to the adja-
cent porphyry, whiéh has a lergerquentity of iren
oxide than normally.

In the ﬁinuté veins in the ore it is relatively
fine grained, whercas in the large veins and frac-
tures it has crystalized into good sized greins =nd
shows uneveness in extinction. 1t is filled with
gas or liquid inclusions in fine wevy stresks when
in large grains. Yet the grains are rsgularly con-
sistent in size within certein limits for each npar-
ticular type of hebit. The mejority of the veins
are irfegul&r but have a general paerellelism. Pos-
$igiy this ig acecunted for by the size of the veins
of ore or sSmell aress of ore which could be found in

the trin sections and will not hold for lerger veins




of ore. Mevertheless, this parallelism shcws a
siénifiéant Teature for the angular fragments,

now separated by quartz, could he matched into

place again if the gusrtz wes removed. In the

veins, &specially the lerger ones, meny inclu-

sions of hematite fill the interstices bhetween

the guartz grains,

. Gernet - Nexﬁ to quartz garnet is the most
conspicuous of the gangue minerszls. It is abund-
ant as yellowish shagreen‘euhedral grains embedded
in quertz or at times in a very fini grained ground-
mess which cculd not be résolved ;;‘showed resem-
blances to the groundmass of the partly altered
porvhyry. In some arezs, very flhne grained celeite
forms the mejority of the groundmass. Otherwise the
gernet, snd perhaps the lerger portion, is messive
and irregularly fractured without crystal oﬁtline.
An equally important feature is its formstion along -
t?e contact of the hemetite where it is slightly
deepef in coior; It surrounds the plates snd scales
of the hematite and fills the interstices of the ore,
Besides, 1t is fouwid in inclusions snd highly inter-
mixed with the hematite ranging from a larger propor-

tion of hematite to a larger vroportion of garnet.

39
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rurthermore, there is & less frequent associastion
of garnet and ore in which the heme tite apdarently
tends to réplace the garnét glong fractures‘and
cleavages es well as forming cores and outlines of
the garnet. And even less freguent than this 1s
the opposing evidence of garnet veins cutting across
the henatite. In one section sevsrsal strings or
veins of garnet‘wére seen crossing en inclusion in
the ore ss if it had been formed‘in fractures, In
this last csse, however, the garnet made a border
vetween Tie inclusion znd the ore as well,
| One remarkable feature is that pert of the
gernet 1s anlsotropic and shows excellent zoning
by alternating dark and light bands, This garunet
was found to be optically uniexial and positive
and frequently in euhedral cubeé and dodechédrdns.
& chemiecal anslysis to determire the constit-
ugnts was considered but since separation of suff
ficient garnet from included hematite grains sand
other gangue minerals was unsuccessful resort was

made to optical methods. 2y use of high temper=-
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ature‘melts above the indices obtaineable by index
liquides £he garnet was found to correspond to
andradite,
Calcite -.Calcite is abundant but ﬁore local-
ized than eiiher qﬁartz or garnet,rand generslly
in very small grains. In some of the fractures in
the ore it is isolsted and surrounded by quartz
or chlerite andzassumes 2 larger grein size, Singe-
"wald and Milton state that it hes an unusual spher-
eulitic develonment., sSome suggestions of such alde-
velopment was observed but it spneared to be too
poorly orientated to form a trus shhereulitic mass
sltho the grein wes exceedingly fine. when not
associated with the quartz veins 1t is found re-
placing the gernet and filling the interstices of
the ore. |
One or two instances were noted where celcite

hed replaced euhedral greins embedided in the gquartz.

1. Dana-Ford; - A textbook of Minsrslogy.
hird edition, 1922, page 507.

2. wvingewald and Milton - “he Ircn Ore of
Iron Mountsin and Pilot Knob., A.I.M.E.
Trans. (Year Book), 1929, page 330. '



It iz considered that the minerel replaced was
spatite from its perfect c¢crystel outline.

fpidote - fpidote is scattered thru the
mosalc of quertz in sparse quentities and at
times in the silicate inclusions, It is usually
in small irrepulsr aggregates of a few small
greins similer to its occurence in the porphyry.

A few well formed'grains embedded in quartz along
the hematite contact is limited to = smell erea

as well as being in the interstioelbetween the ore
and cuartz.

It is sometimes assccizted with a light yellow-
ish green materisl which under crosseé nicols retains
the grecnish color and is shown td be a coloration

-of the quartz mosaic which is seen thru it. The
epidote has the characteristic variations of bire-
Tringence colors. It is :arely found in close
association with the garnet or in the fractureé in
the ore.

1Tremolite = Several large blade like inclu-~-
sions in the ore composed of & mosale of medium

ground quartz earries numerous colorless to pale

42
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green needles of tremolite. 'the needles are gen-
erally in parellel direction altho radieting masses

are present. It ranges from a few isolated needles in
individual quartz grzins to quarte practicélly re-
placed by the tremolite. Garnet may be associzted
with the arez in which the tremclite appears but it

is usually absent.

Chlorite - .,Chlorite occurs as light green
scattered masses and fine grains in the gzngue
‘minerels end interstices in the hematite., It is a-
bundant es & vein filling associzted with quertz and
caléite end frequently 1s found with the tremolite.

1t varies in sige of grain and amount of hire-
fringence., Ususlly it is very fine grained end with
low birefripngence but has gathered to form flakes of
good size with & slightly higher birefringernce,

laucoxene - ''he oecurence of leucoxene in-
timately asscciated with the hematite has besn nre-
viogsly noted, 1t regularly forms spherical masses
of wﬁite opaque gréins along the hematite contsct
and is extremely limited in distribution. A few
grains of the hemstite ore was tested for titanium

1 .
by the Hydrogen leréxide method which only gave

l. C. H. ¥Yarren - Determinative Mireralogy,
second ed, 1922, page 69.



negative results.

Apatite - very little anatite was observed,
A few crystels were seen‘assooiated with the quartaz.
Devaney and Cookel found the Iron Mountain ore to
contaln only traces of phosphorous snd say "in view
of the consistently low value of plosphorous in the
cre the amount of epatite must necessarily be low.™

Rutiie - Meny of the quartz greins contained
g Tew scattered to numerous derk heir liké needles,
The large crystels were licht brown butb were not of
sufficlent size to determine opticel properties. It
had 2 high index as well as a high birefringence. From
the proPerties show 1t is considered to be rutile.
None of the leucoxene appéared in association with it,

The undetermined silicate in the éltered veins
cutting the porphyry and eurlisr than the ore was so
badly altered in the thin ssction a&s to render it
impessible of determination by ﬁetrographic methods.
Diffioculty was also met with elong other lines of

anglysis, Listed below is its characteristics, and

1. DeVaney & Cooke - Rulletin #9, Technical
Series vol., II, May 1928, School of Mines
and Metallurgy, Univ. of Missouri,
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& comparison to the Diopside = Hedenbergite series
= £

to which it may possibly belong.

Property Silicate
Color Pele grezn
‘Crystal Prismatic
Cleavage Prizsmatie
Figure Biexial
3ign Plus

1.

Optic angle Medium to lzrge
Mean index 1.695
Birefringence 0.20-0.2%5"°
Extinetion 380-45°

Plecchroism  Absent

45

Diopside-Iledenbergite

ish black.
Short prisums.
“rismatic
Biaxial
Plus
59°-60°
1.678-1.745
.30-0,18

23809~ 480

Colorless to gresn-

Lacking excent in

ferrous types

Winchell - Elesments of optical crystall-
ogranhy, Part IT 1927 npage 183,
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d) Polished Sections.

The specular hematite waes white in pleane re-
flected light and chinging from white to dark grey
in polarized reflected light when turned on the
microscope stage. ''he anisdtropic character of the
ore wes marked, Inclusions of other metzllic min-
erals were not obssrved in polarized light but in
plane reflected light with high megnification sev-
ersl small grains of.brownish megnetite could he
distinguished, ¥rom the character of the irrezu=-
lar contact between the magnetite and the hematite
it'appears &s 1f the hemetite wes replscing the meg-
netite. In no case was the magnetite tending teo
run along the clesvage planes of the hematite while
the somewhat compact megnetite was mere strongly
embayed by the hematite.

The hematite occurs in rourdsd to oval irregu-
lar greins of medium size often enclosing small
grains in the interstices and with e slight change
in é;ain size which 1Is not prominent however. Fléte
%I shows the typidal greins.

Along some of the contactis between gangzue and

ore much finer grains appear zs will be sesn in Plete

3



47

XII. These fine grsins ere normally intermixed with
the gangue. ‘e border betweesn the two grsins sizes
is rather sharp sltho irregulsr with frequeant inden-
taticn of the main mess by the finer grains.

Lemellar texture is not abundeant. Some arcas are
chearacterized with distinct lamellation which occurs
in two habits. he irregular, ragged comperatively
wide type is gquite Limited and was only found nezr the
quartz veins.‘ It is shown in Plate XIII to extend
in three directions at guite constant inclinetions with
each set of lamellsr. This structure is explained by
the growth along rhoﬁbo ed szl races which sre vieswed
on é Dle e cut perallel to the base of the crystal.l
The other type is shown in Plate %IV, It consists of
thin lamellar intersecting at rearly right angles
within 1nd1v1uucl grzins snd 'is greetly in excess cof
the "irst type. The angle of intersections 1s due
to geéometricel relet ions of the rhombohedral faces

g

which meet at a 94 angle. Schneiderhohn end Ramdohr

1. Dene-tord - Lextbook of Hinerslogy,
3rd edition 1322, page 410.
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refer to thii lstter type as & common cccurence
of twinning.

Fine to large inclusions of gengue are numer-—
ous znd well distributed with = grester preponderence

of the finer sizes, The lerger inclusions have the

same r¢lations as cobserved in the hend specimens

and thin sections. ~ The smell inelusions are of
verious shapes and sizes. They cccur zs blebs,

stringers, rounded messss end Iirregulsr shepes. In

severzl instérces there is & certein naraliel

[

s OT
allignment of these inclusions esnpecislly of the
stringers. In polarized lighf a »art of these inclusions
showling slignment are ssen to repnlace the hemetite lam-
egllar plates. Others, however, are observed to sut
across them without deviation. |

The inclusions %esnd tc be more sbundant nesrer
the larger onés andé along the quartz veins.,  The
contact between the ofe‘anﬁ the géngue 1s often sharp

but ususlly gquite irregular with embeyments or small

1. Schknesiderhohn & Remdohr - Lehrbuch der Erzmikos-
kopie IT Band 1931 pege 525.
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inderntations or even brenching out into veins across

the ore. There is frequent occcurence of grains end

m

amall messes of the ore embedded in the veins. Tre
common characteristics of a garnet border alcng the
contacts is shown in reflectved light by the differ-

ent lustre of the gernet end the groundmass.

[T
s
)
I_J
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[
s
H
£
]
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[

The ore-porphyry contect egppeared
habit of anguler embaymégt end angular inclusions
wholly cr partly surrocunded by the ors, Plate XV
is an example of this contect.

The wveing of gangﬁe crossing the ore sre numer-
ous and veriable in sizes frem minute c¢racxzs tc bread
guertz velins. They are irreguler, CA&ﬁgiﬁg in size

end with en uneven contact with the hematite., Plate

anguler chearacter 1is espécially well developed end
shows that the ore migh®t be remstcehed i the gengue
is reuwoved. Avundant sreas of this character were
observed throughout the ore,
In general it is clesrly shown thet the inclu-
.

giong ere Tormed with =nd after the ore while the

velins are probably due to the fracturing of the ore.

oy



VIII PARAGENESIS

A study of the relztions of the gangue
minerals 5rings cut the orcbable segquence of
minerelization. The relstions are not sbsolute
since many were not in close sssociatiomn.

lThe order of seguences beginning with the
earliesf is

yeins of Unknown Silicate,
Ore of Specular Hemztite
Apétite
Garnet-léucoxehe,
Epidote

Calcite

Chlorite

Quartz

Tremclite

Rutile

Veining by Quartz.

The @roblem.of guartz in two gensrations was
cemplex, It is earlier thean tremclite but elso
lafer then the other ninerels and still later than
the tremolite as shown by veins cutting across the

tremolite needles,

e . -

oC
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Leucoxene wess earlier thar calcite tut since
it was limited in oocurence with the other minerals
its position is doubtful, Apatité only ogccured
embedded in quertz and may be the moét doubtful of
all but has been‘placed in close zssocistion with

the ore,
CONCLUSICHS

The dewosition ¢f the hemestite by fissure
filling and replacersnt ¢f the porphyry is fully.
suppOTted by its reletions. The relative amount
of replacement compered to fissure filling cannot
be excctly determined, Thet it is & relatively
lerge nart if 1ot the me jer porticon eanrnot be re=
futed. It appesrs from the laboretory work ss if

replecement wes the me jor phase.

[N

Thzt the condition of the cre at the time of
introduction wes in sclution is sunported by its
1
nabit. Schneiderhbohn and Remdolir state Thet tabu-

lar structure which is ebundant =a

on

rlates and secales
denotes hydrothermsl developnernt, The temperature

hes been considered to approach thaet of & megma.

1. Schreiderhohn & Ramdohr - Lehrbuch der Hrz-
mikoskopie II Band 1931 Page 525.
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Its minerel associstion of gsrnet, epatite snd

anphibole, places it in the Hypothermal depocsits
]

-

of Lindgren which renge from 300° to 5000 ¢,
Since the ore was apparently early in the mineral
sequence it Was‘injected curing the stagé of high-
est temperature. Further proof of this range of
temperature is again furnighed by %chneiderhohn
and Ramdohrz. They consider that the structure
at high temperature is slways compsct and usually
isometric. Since no evidence of isometric char-

acter was cobserved the temperature wes well below

& megnatic range.

Brecciastion on the walls of the frecture is
evidenced by the fine non-lsmellar grains along the
quartz vein coutsct, It has been determined thaet

pecrystallization does not develop lamellar irtergrowth.

l. Lindgren - Minereal Deposits 3rd edition
1928, nage 719.

2. Schneiderhohn & Rsmdohr - l.ehrbuch der
' rrzmikoskonie II Band: 1931 page 520.



Hence the %tempcrature did not reach high temper-
atures to any extent &s such intergrowth is con-
fined to the borders of the quesrtz veins.
Whether the ore was introduced es magretite
and oxldized to hematite is problematical. If
such cccured some evidence of megnetite structure
should be reteined by the hematite, Since this
is not the case oxfdization might be considered un-
likely. the inclusions of fine megnetite, however
points to evidence cf this oxidization.
The sequence of everts thru which this srea
hes passed to form these ore deposits heas been out-
lined in the following manner;l

1. Extrusion of the igneous rodks,
porphyry folleowed by granite.

2. Fracturing due to contraction on
cooling.

5. Injection of silicstes in porphyry
fractures. _

83

4, Intrusion c¢f hot iron beering sgolutions,

1. G. W. Crzne - The Iron Ores of Missouri;
Missouri Geological Survey vol. ¥ 1212,
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Erosion of ares.

Intrusion of basic dikes a2t close
of mineraslization.

Deposition of Cambrian sediments.

Erosion of sediments =znd igneous
reccks to form surface bouldser ore.

54
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Fig. 2 ©Sketch of Ore Wall at Little Mountain cut.
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Sketch of Silicates and Iron Ore
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PIATE VI

Veins of Garnet cutting across hematite orel
( One half size )

Light - Hematite

Dull - Garnet




PLATE VFI

Garriet surrounding brecciated hematite ore.
( One half size )
Light - Hematlite

Dull =~ Garnet
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Blade‘--shaped $ilicates in ore along porphyry

( One half size )




TLATE IX

Blade - shapsed silicates in ore along porphyry
wall.

( One half size )
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PLATE X

Inclusion of prophyry in hematlite vein cutting
through porphyry.

( One nhalf size )




Hematite in polarized light and showing the

typical grains,

Magpnified 100 times
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Hematite in pclar

&

t nearly right
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zed light showing
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Hagnified 1060 times
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PLATE XIV

Hematite in polarized light showing intergrowth
along rhombohedral planes.

"o imgnified 100 times ‘
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PLATE XT

Contanct of hematite and porphyry showing porphyry
inclusions in the hematite.

Magnified 100 times

Light - Hematite

Dull - Porphyry




Quartz vein cutting across the hematite and

showing brecc¢iated area in the hematite.
Megnified 160 times
White -~ Hematite

Grey - Quartz
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