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AN TNVESTIGAFION OF THE GEOLOGIGAL GOGURREMDE AND USE OF T0TANTN
WITH SPECTAL RIFIRENCE 70
T SAN GABRIEL TITRIXMM URPOSITS, CALIFORMIA

Dy James ile Qop

It has bocn customary to clase fiieniws wiith the rape cleuents, but in reality
it is oue of the most cbundant of metuls, Oeoshemiets have estimated thet 1t conw
stitutos 0ud44 per cent of the solid erust of the earth and renks ninth in relative
shundence of the ninety odd elementa found there. It iz more abundant than the
oomon elements carbon, phosphoreus, smlpme, and mangancse, and exeeeda the total
of the ocomon metals, leed, zine, snd copper, Titanfum is also onws of the most
widely dlstriduted of the slements. '

Wiy then, nes it not come intc nove comon use during the one londired and forty
yoars since its discovery? There ere two principal ressons: (1} I%s preat
chemioal temacity which made It very hard to treat. (B) The feet that its minerals
have shown no sharacteristics that make their usefulness readily apparent, In a
amrrow esnse, it fs true that titeniuom ls soldom met with in pature in casily
rotopnizable fopms or in concentrations that veadily attmet attontion; yet there
are ample supplies avelleble in commepelal deposite.

Por these reasons titeniun compovndes as artisles of sommeros wore slmost une
koowm until recent yoars, Hith the ifntenaified interest sow menitfest fn ithe
utilization of the so-toulled rars metalz, titunium is rapldly inereassing in fmports
anse. Its rapld growth is well illustrated by the itaniuwn ploment industyy which
hae inoreased its eonsmmption of limeaite (Fe0~Ti0g) from 2,000 to 3,000 sons to
over 100,000 tona a year in less than a dooade. As Sechnlocal Improvanents cone
time to remove ite economie handieaps It is fold that titanilum, becanse of its
widewgpread distribution and abundance, will cocupy an important place in the mineral
industry, |



The purpose of this thesis iss (1) to give a general cutline of the
titanium industry, (2) to present the results of a detailed study made of
the ores of & titanium deposit in the San Gebriel Mountains unear Los Angeles,
Californias

Part I treuts titanmium in a geueral way and outlines in brief the
history of the industry, the properties of the element and its compounds,
their geologle relations elong with the resources emd production of titenium
compounds and their Industrial uses. Of necessity, most of the ilaformetion
is obtained from the literatures. DBecause, in genmeral, the possibilities of
the titanium industry are so little kmown, it is felt thet such & compilation
would be of value end interest,

Fart 1I deals with the laboratory study of a magnétitawilmenite ore of
the San Gabriel Mountains. In . it the results cbtained from & detailed study
of hand specimens, polished sections, and thin sections supplemented with
some field work are given. The laboratory work was carried out at the
California Institute of Technology during the year 1937-1938 in connection
with tests made by the I. E. Dupont de Nemours Company on bthe magnetite-
ilmenite deposits of the San Gabriel Mountains. (See Platel for key map
snowing locabtion of deposits.)

The author wishes to acknowledge the kindness of Dr. Joseph L. Gillsom
and Dr. G. He Anderson of that compeny in permititing the presentation of part
of the laboratory results from those tests. He wishes also to thank
Ce A. Dawson, the testing laboratory superintendent, and J. We. George, the
field geologist, for their helpful interest. Co-workers on the problem were
We Ee Snow and Richard He Jehns, both of the California Institube of Techw~

nologys To these men the writer is indebted for assistence and kind coopera-
tions The work was done under the direction and guldance of Drs He Je Fraser,

of the faoulty of the Califormia Institute of Technologye



PART 1 THE TITANIUM INDUSTRY
EL e m S S S
TITANIUM, THE ELEMENT AND ITS COMFOUNDS

History

The eleanent, titanium} * was discovered sbout 1790, by the iev. Williem
Gregor (or McGregor) while investigating a peculiar miperal found in the
form of black sand at Menechan in Cornwsll, mma. The black sund he named
llenachanite after the locelity in which it was found, end the new element he
called Menaclii tes v

In 1785 the German chemist Glap mthf while investigating the composition
of rutile dissovered a new metal, to which, because of the strength of the
chemical cosbination in whioh it was held he gave the name, Titenium ~- in
allusion to the Titans, the a,ﬁnbol of strength in ancient Oreek mythologys
In subsequent investigation of ilmenite, Claproth recognized that titanium
was identical wi‘t_h the menachite of Gregors Titeanium however, is the nune
that has been umvérwuy adopteds Lampidius, in 1797 and later, bBerzelius
and & number of other investigators attempted to isolate the new element.
Due to its high fusion point and strong affinities for nitrogen, carbon, and
oxygen, these early attemzts to .Mucs titenium from its compounds were ub=-
successful. The usual result was in the production of some of the nitrides
or carbides which, on secount of their metalllc luster, were comnonly mise
teken for the metal itselfs A copper red compound that we now know to be a
eyanonitride of titanium was, until its true composition wes demonstrated by
Wiohley in 1849, commonly believed to be metallie titanium, Frobably Hunter®
in 1910 succeeded in obtaining the first pure metnllﬂ;‘o titaniume Up to that
time several attempts had been made to obtain the pure elementy the nearest
approsch being that of & Frenchman, Henri Moissan, who obtained & titanium

product that had only about 2 per cent carbon and & little oxygen as impurities.

*To avoid e needless repetition of footmotes, references in FPert 1 are
made by means of figures, corresponding with those of the numbered list given
in the bibliography at the end of Part I.



Hunter attempted & number of methods including those of Moissen, but was
unsuccessful until he adopted one used sarlier by Nilson and Peterson, which
consisted essemtially in reducing titanium tetrachloride (Ti Cly) by means
of sodium in an air-tight steel cylinder. The best results that Nilson and
Peterson were able to obtain was a product conteining about 79 per cent
titanium; the chief impurity being oxygen, present presumably as titanium
monoxide (Tioz). By exercising rigorous care to insure the exelusion of air
from the epparatus used, Hunter succeeded in obtaining metallic titanium
practically 100 per cent pure.

The Wilson~Feterson method &s earried out by Hunter. is still the stand-
ard laboratory method for the production of pure metallic titaniuvm, but is
much too costly for ite production for ordinary industrial purposes. A cheap
comnercial process for its manufacture im a substentially pure state has not
yvet been sccomplished and little of the pure metal is used in industry today.
Unimportent amounts of titenium of 96-98 per cent purity are used in the
making of a high-speed steel in which titanium replaces vanadium,

Though the possibility of wtilizing various compounds of titanium was
suggested soon after the discovery of the element, it is only within compara=
tively recent years that any noteworthy progress hes been made in this direc-
tione BSome examples of early developments follow. In 1846, the ferrocysnide
of titanium was used as & green paint as an attempted substitute for the
poiscnous arsenical copper green then commonly used. In 1B6l, a patent was
granted in London covering the use of certain compounds of titanium ag pig-
mentse About this same time Mussetl took out seversl patents on the utilizaw
tion of the ores of iron and titanium and for obtaining alloys of the two
metalss In all, Musset took out some thirteem English patents, including one,
the thirteenth and last, which covered the addition of “titanic pig-metal,”
to ordinary pig iron im a puddling furnace with a view to improving the
quality of the iron or steel produced. In spite of the most vigorous efforts
he failed to convinece the irommssters and metallurgists of his day of the sur-

passing excellence of his titaniferous steel, and the matter was dropped.



The eredit for the establishment of the ferrotitanic slloy industry is

% & ¥Freuch metallurgist, resident of the United

due largely to dugust J. Hossi
btetes, His work in the 1B%0's lead to the production of ferrotitonium and
dempnstrated ite wvelue for the purification of steels After several un-
sucoessful attempts he succeeded, by means of the high temperatures obtaine
able in an electric furnace, in cvolving an economical process for the manue
fwt‘:;il’ﬂ of the high titanium al;aya. ferrotitanivm and ferrocerbon titaniume.
Although Hossl appears to have produced ferrotitanium by a practicel induste
rial process prior to 1896, the pessibilities of the new alleoy were slow in
ab*minins recognition. Its first extended applieationb began at the Sarylend |
Steel Works in 1907 for the purification of steel and it was used for the |
treatment of oast ironm at the Curwhesl Foundry of the Norfolk and Hestern Haile
way at Roanoke, Virginia, in 1908,

One of the first vees proposed for titanium compounds was the suggestion
in 1846 that the pigment titaniumcyenide be substituted for the poisonous
srsenioel copper greem then in common use in 1846. Despite this early sugges-
tion, its use ss a pigment was neglected for a Iong; time.until about 1910,
Since that time considerable research ha:a been done to produce titanium pige
ments for the paint industry, and today this field rapmm the most impore
tant use of titaniume

Physical and Chemical Properties

Titenium belongs to the same chemical group of c¢lements as asilicom,
sirconium, eerium, end thorium. It resembles these in being quadrivalent
with a lower valence in some casesy like ﬁman:lm. it may behave elither es a
wesk base~{orming or weak acid-forming elements In & general way its chemical
propertiss are similer to those of silicon, but it .difrerl from that element
in thet it is more active in its combininmg qualities and more energetic in
its action. Metallic titanlum, we prepered in the laboratory, does mot differ
in ocutward sppearance from polished steels It is hard end brittle when cold,
and bresks with a steely fracture; but it is malleable et a low red heat and
8t that temperature may be readily forged like red hot iroms. Ita atomic



woight ia 47.90 and the specific gravity 4.5. funter? deternined the melt=
ing point as being between 18009 (. and 1850° ¢,

then heated in eir it burns with extreme brillience, hence has been used
in fireworks. Titanium does not decompose water ut ordinary temperatures,
and acts but slightly on heated water. It is soluble in cold dilute sulphurie
seid, in agua regle, snd hot consent rated hydrochloric acid, and more slowly
in nitric acidy hydrofivorie aoids slso attask it. 4t 800° . 1t combines
quickly with nitrogen burning with insandescence to mitrates. Roberts-Austen’
states that this is the only instance of vivid combustion of an element in
nitrogon,

The compounds of titanlum vary widely in their state of nggregation ==
from the extreordimerily infusible amnitri%&? to the fluid ohlorida, and
the velatile hydroflueride. Typical compounds ares

Oxideas Ti0, Ti304, T4y05s Ti4015, 1i0,, 71,05, T10ge
Hydroxidess T4 (OH),, Ti (Uﬂ)a.

Chloridess TiClg, TiCl,. '

Sromides TiBry,

lodides Til,,

Fluorides Ti’in

Titemofluorides: RyTiFy, cte. (R = Fe y Al )
Sulphidess Ti,8., Ti8,,

Sulphatess Tiz(- 4)mp m(soﬁ)a,

Fivridess Tiglia, Tiglg, Tilly,

Carbides TiC.

Silicides TiS.

Titenatess XTi0., H,Ti0,,

soides (s-e HydFoxides P HyT10,0

Host importamt oxides are the dioxide Ti0y, the sesyuioxide '1‘1205, and
the peroxide '1‘103. The monoxide Ti0 has been prepared, but the existence of
some of the others is doubtful. Titanium dioxide occurs in neture as three
different minornlis},; rutile, brookite end amatese. It is one of the most stable
compounds known. The pure white titunium oxide is widely used as a titsnium
pigment in paints and ensmelas



Titanium forms only one stable oarbide TiC, w.ich is harder than care
borundume Ferro and Ferrocarbon compounds are used in making stesl to pre-
vent blow holes and to increase soundness because of their afiinity for
aitrogen and oxygen. Titanium chloride and tituniﬁn sulphate are used in
the dyeing industry to remove solor,

Titanivn dinerals

4 conaiderable mumber of titanfum bearing nixedale’ are found, but only
o few ogeur under conditions that entitie them to be slassed as possible ores
of titaniume. FProbvebly the only actuel commercinl ores are rutile and ilmen~
ites dome of the properties of the more important miﬁernla are as followsy

Butile. -~ (Ti0y) 80 per cent T4, orystallized tetregomally, has hard-
ness of U 4o Ge8; a specific gravity of 4.24 %o 4426. I8 cleavage is fair
in two directions and it has a subecomchoidel fracture. It is usually
reddiish brown, but may be yellow, yellowish brown, or nearly blaek, and oce
cagionally white or green. It is transparent to opague and hes metallic to
adanantine lusters ‘

It is insoluble in aclds, but readily attacked by fused alkali-metal
galts, end is then insclubles. Iron snd vasedium to the sxtent of 1 or 2 per
cent or even 10 per cent are often presorts. The rutiles of the higher iron
content are jot black snd are kuown as nigrines

futile ogeurs in dgneous, metamorphic snd sodimentary rocks. Lindgren
clagsifies it oo one of the persistent minerals, thet is, cas formed under
&ll conditions from those obteining at great depth to those nearsr the supre
foces It is ordinarily a very stable minersl, but, according to Van Hise
under certain eircumstances 1t alters to hemetite, iluenite, snd sphene.

Common minersl assvcistes are yuarts, kyenite, magnetite, and ilmenite.
in alluvial and water-sorted sands, rutile is accompsnied by such hesvy
resistent minerels as ilmenite, magnetite, chromite, monagite, garnet, gircom,

and spinel,



Titanium Minerals (Combinued)

Ilnenite. =~ The fomula usuvally given is FaO.TiOz which carvies 5247
per cent Tio2 or 3le6 per cent Ti. Hardness is 5 to 6; specific gravity 4.6
to . Crystallizes in hexagonsl system, as rhombohedra, but seldom found in
distinet erystels. It is opaque black, with & sub-metalliec luster, conchoidal
frogcture and a black or dark brown streak. It may be slightly magnetic, bub
is seldom appreciebly so by ordinary tests.

Dana says that the ratio of titenium to iron varies widely, and includes
e number of compounds intermediate between rutile and hematite (collectively
called titanic irom,) The variation is probably due either to molecular or
to microscopic intergrowths of ariszonite, geikiulite, prophanite, hematite,
and megnetite. |

Ilmenite is dirficulﬁy soluble in scids, but decompeses slowly in hot
hydrochloric or sulphuric acid.
Brookite. -- (TiOa) Crystalliges in orthorhombic forms, usually in thin tab-
ular crystals., Hardness, 5.5 te 6; specific gravity 3.87 to 4.Ul; colors and
other characteristios as in rutile. '

Octahedrite. -=- Sometimes called “anatuse,"™ is also Ti0y. Crystallization

tetragonal, but usually in octehedrons. Hardness L.b to 6; specifiec gravity,
3.8 to 3.95; color, brown, indigo blue, blagk; otherwise like rubtile

Arizonite. -- (F°2°3' Tioz) Carries 60 per cent Ti0,. Bas been recently
recognized as forming the larger part of some sends classed as ilmenites,
particularly those of Guilon end Cape Dakar (8enegal.) Its color is dark steel
grey with some metallie luster; streak, brown; transparent, deep red in thin
sectionse.

Sphene or Titanite. -- (C80.Ti0,.810,) snd Perovskite, (Ca0.Ti0,). May con-

ceivably become useful titenium minerals, but no known bodies are large enough
to allow possible exploitatione.

Geikialites == (MgO.TiOa) and pyrophanite, (MnO.TiOz) are known separately
only &8s mineralogical curiosities and are worthy of mention only because, as

already noted, they form intergrowths with ilmenite.



Genersl UGeologiesl kelationg 9+10

Titeniul’“is one of the more sbundent elementss It ranke ninth in rele
ative abundanse oi the ninety-two elements and has a very wide geologie
distributions but, unlike the common useful metals, w very small proportion
of the aggregete bulk contained in the earth's crust is found concentrated in
separste deposits. The greater proportion of it cecurs diffused through such
a vast amount of roek that ite recovery is economiecslly hopolesss. There are
enough conventrations, however, to muke the available supply far in ezcess
ol any present or progpestive demtnde

Titeniun minersls ere found ss miner wecessories in all classea of rock-
ignoous, wetwierphle and sedimentarys In igneous rooks they occur in the
yheseg lowest in silicon and richest in iron. Igneous rooks high in caleium
and pobassiun seldom conbaln much titaniums ‘

By fur the greatest guentity of ilmenite oocurs as small dispersed greins
or masses distributed inm: (a) highly netamorphosed decpwsonted rocks such as
the seiists wnd gneisses (b) andosites and more basic lavas and {¢) in the
gebbros end nore basle rocks gramular rookss Of these the rocks of the gabbro
fondlym-anorthosi tes, norites and geabbros countuin the most important ore
bodies.

the ore bodies conslist of sgprogrtes of megnetite and ilmenite in various
propurtions. They occur as segregated masses wshose boundariss grade into the
country rock, as more charply outlined streeke and as sharply defined tabular
dikes ond sills. 1t is possible to divide them into two groups; one associsted
with anorthosites or feldspar-rich gabbro and the cthor with normal gabbro as
the country rocke The ores of the first group are as a rule coarser grained
and contaln 1ittle gangee. They include the largest ore bodies. Those of
the sccond group are {iner grained, coantain much gangue, and are usually small

apd ieregular in extent.
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High grade mineable primary deposits of pure ilmenite are found only in
& peculiar rook known ms nelsonite in which ilmenite and epatite or rutile
and apatite are the essential ninerals. The origla of nelsonite bodies is
not understood, although they have the form of dikes am seem to be of ig-
neous origin. Apatite sppears to have been the primary mineral in the bodies
aud %o have been replaced by ilmenite or rutile until in some places only
small pellets of apatite are left.

‘ﬁm known large deposits of rutile are found in pegmatites or in closely
related basic rooks svoh as krageroite, a rutile plagioclase rocke. The rutile
gecurs in minute erystels in some of the derk micas and in larger crystals ia
quertz veins closely related to the pegmatites. Like all primary titenivm
minerals rutile is believed to be of deep-seated origin.

Both rutile and ilmenite are extremely stable and resistant so that con~
centrations of "black sands" on stresss end beaches as the result of weathere
ing end erosion are common. Ilmenite placers are muoh more common than those
of rutile. The concentration on some beaches is remarkably high, those of
Travencore, lndis, and Hew South Weles, Australie, having 76 per cent or even
more of the black sand &8 ilmenite, rutile, and sircon. Flacer deposits are
ency and cheap to work and furnish the great bulk of the world's titanivm.

Urigin of Ueposits

Most economic titanium dapu}:%ﬁig ’l%fn been considered as magmatic sege
regetions, and ere found either in or closely associated with eruptive rocks
of the gabbre femilye There is considerable doubt, however, whether this
origin holds for all, or ovem most, titanium deposits. The injected charaoter
of such deposits as those of lron lountain, Wyoming, has been generelly
sccepteds In & study of the deposits of the Adiropdack ountains, New York,
and those of Jusbes, Cenade, uabum%arwnmsm ee magnetic injections only
those deposits which wers eliheor soncordant or disgordent to the prisary
strusture of the host rocks

Placsr deposits of blsok sends are the result of mechanical processes of

eoncentrations
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RESOURCES AND PRODUCTION OF TYTANIUM

1, 9, 14, 15

liorld Commercial Heaourves and Production

Titaniwa is very plentiful in the @arth;a erust and is & constituent of
almost all common rocks; hence, titanium is found throuvghout the worlds
Ilmenite and rutile, however, are the only minerals extensively mined as
titaniva ores. Commereial deposits of these minerals are reletively few.
The british Bmpire (British Indie und Gunseda,) Norway, Jepasn, and the United
Stetes have large resources of titenium end are thus independent, It is
probable thet Ffanee and Kussia heve enough resources to be self-sulficient.

A brief deseription of the world's titenium resources by countries is .
given below.

British Smpire

British India. == The famous Travancore deposit on the west side of the

Indian Peninsula is the most productive ilmenite beach deposit in the world.
As bleck sands on ocean beachs now sup.ly about half the ilmenite consumed,
it ie by far the world's largest producer of titanium minerals. There are two
stripas of the Travancore coast that are productive; one in the southera part
of the state, at Hanavalakurichi, end the other 80 miles north, about 4 miles
from the town of Guiloh. The beach at lanavalakurichigwas worked drom 1911
to 1924 for momazite only, but then llmenite was also produced and up to 1934
nearly all the production ceme from this beach. The reserve thers has been
lergely depleteds The deposits north of Quilan,whien run when concentrated
from 59 to nearly 8l per cent ?iozjars still large producers and have conw
siderable reservess

The production of ilmenite frow these deposits has risen from 641 long
tons in 1924 to over 129,000 long tons in 1936; the tobal production being

over T0U,000 long tons.
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Cenpda. ~- The best kuown titenium deposite of Caneds ure thope near St
Urbein nearbaia St. Poul, (Quebecs From hers about 2,000 tons of ilnenite
ore carrying 6 to 40 per cent Ti0, hewe been shipped enmuelly to Niagara
Falla, Hew York for the remulacture of ferrocarbon tiltantume. The most ime
portaut Consclern ccourrences in polint of probable sige are; Lllmenite de=
posits at Ste Urbain, and at lvry, in Quebse; tltaniferons magnetite deposits
near leke 8t. dobm, Guebee; those at Bay of Sewem Islando, Unebec, and an
axtensive serles found alowy, the shores of Seine Bay and #ad Vermilion ilake
in Westera Ontarios I% 1s thought that all theve deposits have considerable
magnitude. UOther known Canadlan dﬁpﬂﬁﬁllmluéc one in Alberta; and a nume
ber of sualler ones in Onterio end Quebecs 411 are magmatic segregations
gonetioally convested with basic eruptive rockss It is highly probable that
further prospectiog will disclogs additional Canudian deposita,

dugtralis, »- Seversl bitaniuam ocovrrences of commercial quantity heave been
noted in Avstrulin, bub there has bees little commersianl productions In
aouth Augtrvalis & wmall cutile deposit was formerly nined 19 miles east of
Gauwlers It is probable that the pimcon, ilemenite, rutile placers of the
northern ouast of MWew South “ales will beeoms active producers of rutile as a
by-orodunt of zireon. There arve fmportart besch deposite in Tasmania which
are at present the inportent suetralian producers. In 1930 Australia pro-
duced BLY metric tons of ilmenite.

Brosile == Hrazll hes large besch depoaits of anlxsd iimenite, sircon, sand
nenagite along the woust of Bapirito Santo, fic de Juneire end behie. In 193¢
over 6,000 tons were exported, Wuk, probebly due to the conpetition of the
Iravanoore deposits, the workings ere now inective. However, the very large
quantity of ilmenite om the Hrazilian besches will in time be concentrated
and sxporteds Some rutile lo found assoolated with the dismond bearing
gravels of Dismsnbing aid 287 metric tous of vublle were produced in 1988,
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Federated ieley Statese == Ilmenite is found in comsiderable quantities in

the tailings from the cassiterits placers. It is estimated that large tonn-
ages are available as a cheap by-produot, costing only #1.00 to §2.00 per
long ton loaded on ship board. In 1935 Malay produced 2,540 metrie tons of
ilmenites

Japan, w- Jape.ﬁ has great guantities of black magnetic send which is titen-
iferous. These saunds are found on most beaches nf.an&n; the most concen=
trated samis being on the east coast of Aomori eml Isate prefectures. The
deposits are estimated officially to eontain 10,000,000,000 toms earrying as

mined 20 to 30 per cent irom and 8 to 12 per eent TiO, and «01 to O.6 per

2
cent Vo0p. The sand can be concentreted to 60 to 66 per cent Ti0,. At dujl,
one hundred miles from the north tip of the island, is snother large deposlt
guid to contuin a minimum of 200 million tons. Several companies huve started
operations for making titanium white and producing ferrocarbon titanium.
Norweye == One of the largest end purest ilmenite-megnetite deposite reported
ie that of the Titan Company at Josing Fjord, Norwaye The deposit is estiw
mabed to eontain 30 million metriec tons of ore sbove a hundred meters depth.
After concentration the ore earries eabout 42 per cent Tiﬂz, and it is here
that the titenium-white pigment industry was started. The Naotional Lead
Compsny, of New York, now controls this deposite Another deposit close by,
the Laxedlas, contains about 250,000 metrie tons of ilmenite-magnetibe

running 36 per cent Ti0,. In 1936 liorway produced 37,984 metric tons of
ilmenite end 124 metric tons of rutiles.

Portugale == A few hundred tons of ilmenite ere mined in Fortugsl eech years
Uy So A« == The Litenium resources of the United States will be treated fully
in the next chepter,
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Us S+ S+ Re -~ Fussia, aside from the Scandinavian peninsula, possesses all

the important titanium deposits of Buropes The largest reported is in the

Ilmen lMountains, & branch of the Urals, where a deposit supposedly contain-

ing 400,000,000 tons of ore carrying 15 per cent Ti0

2

is located.

lLarge

de . osits are also reported near Khibine, on the Cola Peninsula and et

Gatskavo in the Ukraine.

mine in the Chelyabinsk.

No production figures are available from Russia,

In 1936 prospecting was carried on at the Selianka

There are numerous othér titanium deposits found throughout the world,

but théy ere of minor importance and will not be discussed here.

World Produgtion

' 15, 14
The world's production of titenivm minersls &8 shown in Teble I
Pable I.--warld rroduction of Titeniws Minersle in detric Tons, 1951-19561
Ayymx.f
Hinerel cxnd Country Cont.Ti0, | 1831 1982 1933 1934 19856 | 1986
per aenﬁ
Tlmend tes _
hustralia (fﬁﬂmﬂniajtwﬂ*lﬁﬁﬁ‘wotut&‘t"llnwldw.lit..l.alsﬁﬁh-ql.oubuulowﬁngwalnaac(ﬁ)
Canada (Qm)wuuauq'a 18—25»‘.-.».-‘1,3&9.*...“....“........,.l,ﬂﬁqau.zgﬂ?ﬁ..qa,,ﬁﬁa
Egyptcnwt-awaitoqazwnoo (2)!\00‘00!"1!.&! seabdBlovdoessnrende 16&edos 183.x (2}
French West Africa b
wﬁneg,aljm. 4’:?-‘,.4-0;5"1 Gl0nednosnnsnsndsanlilonds mcﬂvnl'm',. (2)
British India (Treavene . .
Qﬁrﬂ)-o$ b&.m...56,?46...50.856...55,350..v?§,868.1129,090..u (3)
Federated hk&l&y Ghotess (2)11»;« Qg)wnJ (a)w‘a- 204 eaq o) A 2'540:-‘- (2}
Horwayesveasnosessussan Ghoonn 5.0U0o-11$'481-u-25,2l5&1n33'50&.‘ BT 9840 00 Ea)
Fortugilesesssvsssssces Blewsss 15244 766404 sed 4%de o Z0%un 2)
Slorra LeonGessovovenss (2}~~uaa 1ﬂccqnnuaqnuddvqtan-cuwnocusiu-nt- (d}.‘ﬂ (z2)
Uaited 3tateBesosoaconc (4).-:.- (4_}.«4 ﬂ)muq (4)‘”‘-« (4).. 4}5' (4}
Butiles
Bl‘&-‘lilsttua ua‘cagau O T L T LT TT e - - b LT 11844 287 ee 22)
Cameroun, French® LT (2)
Horwayessassosvssssnnss | J0-BBasess 218, 309, . 555ﬁu 24T e 1248, g)
Unitﬂd smteaiiltit‘ﬁtw IERREREERY ¥ ‘(i_)‘lii (Q)DIO‘ (Qj.“' {.4)" (4‘).“ §4)

l. Compiled by ulss M. T. Latus, U.8. Buresu of Nines.
2s Deta not availeble.

Se BRportss

4, Buresu of ilines not at liberty to publish figures.

bs Coneentretes.

Gs Gs Ao Housh, The Hineral Industry During 1936, p. 663
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5,9,14,15
United States Commercial Rasourceqw

The United States is fortumate inm having several large deposits of
titenium mineralss ‘The better known and most important will be discussed
here by areas.

The Appelechian region

Rutile. == The largest rutile deposit known is found at Roseland, Ve.,
where it oscurs as a pegmatatic replacement of a peculiar aplite. The deposit
is owned and operated by the American Rutile Company who have erected a new
mill reported to have a capacity of 1,800 to 2,000 tons per year. They have
also an older mill with an additional capacity of 500 to 800 tons of rutile
per years The rock mined averages 4 to & per cent each of rutile and ilmenite.
On concentration it produces a rutile concentrate carrying 92 te 98 per cent
T10,, and an ilmenite concentrate running about §0 per cent TiC,.

Smaller occurrences of rutile have been found throughout the length of
the Appalachianse Among those receiving attention have been some near Johnson
Springs, Ve., near Goldin, Va., and a deposit on Shooting Creek, North Caro-
lina, 8o far these deposits have not proved profitable for mining. .

Ilmenites == Large deposits of titaniferous iron ores occur in the
Adirondacks as ore bodies of ilmenite-magnetite in the country rocks of the
an@rthoaitea, dark gabbre, or norite. It is claimed that they have proven
reserves of over 100,000,000 tons of ore. At present the grade, 7 to 23 per
cent Ti0p, has been found too lean to compete with the ilmenites now being
marketed. Some of the ore has been used for making ferrotitanium, but within

recent years no ore is known to have been mineds
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In Amherst end Nelson Counties, Va., there are several nelsonite dikes
large enough to be of real walue as producers of ilmenite. The largest of
these dikes now known is in Amherst County and is the property of the Southern
Minerals FProducts Company, a subsidiary of the Vanadium Corporation of
#fmerica. The dike mined is of considerable magnitude; having a width vary-
ing from 60 to 400 feet and a length of some 3,000 feets At present only the
decomposed rock has been quarried. The rock containg 18.6 per cent TiOz and
should yield about 42.6 per cemt of concentrate. The gangue is almost wholly
apatite and has been used for a number of years to meke large quantities of
caleium monophosphate for use in bakimg powder. It has been estimated that
the deposit (comsidering it extends to & depth of 400 feet) contains nearly
24,000,000 tons of nelsonite or more than 4,400,000 tons of Tioz.

In the same two counties there are two other similar dikes which, although
not thoroughly prospected, are said to carry 30 per cent TiO2 and probably con-
tain at least 2,000,000 tons of ore or 600,000 tons of Ti0,s There ere also
many smaller dikes which might contribute an appreciable tonnage.

Minnesota

in northesstern iiinnesota titeniferous magnetite is found occurring withe-
in an extensive area of the Duluth gabbro laccolith. These deposits have been
known for over fifty years and those in the Iron Leke Region have received con-
siderable study. The ore is believed to average about 1l per cent T102 and 49
per cent iron. The deposits are extensive, but to date have had little pro-
dustions

fiyoming

Numerous bodies of titaniferous magnetite occur within the large pre-
Cambriam enorthosite area of the Larumié Mountains, £lbany Bounty. Asscelated
with the anorthosite are several gabbro masses either within it or along the
contacts The best known deposits are those of Iron lountain and of Shanton

Remche
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Iron lountein. «- The Iron Mountain deposit outorops along a ridge out
through by Chugwater Creek. The ore body has & width of from 50 to 200 foet
and a length of over a nile. The ore averages about 61 per cent ivom and 22
per cent '1‘102 and conslsts of medium voarse grained magnetite end ilmenite
with little visible gangue. The ore body has been considered by all sxcept
Fowloli'z'to reprosent an intruded body, not a megmatic segregation.

Shenton Rsnohe == it Shanton Hanch several smeller dikes of magnetitew
ilmenite occur similer to the Iron Mountain deposit. The depusits are bee
lieved to be injections in enorthosite. The ore has a titanium content as
high as that of Iron Hountain. It contains a very amall amount of gangue,
mostly biotitea

Colorado

Caribou Hille =~ Om Caribou Hill and Boulder County several ledges and
pockets of tltaniferous magnetite cccur with small gabbro smnd pyrozenite
masses in monzonites. The deposits are rather low grode, esrrying only 246
to 445 per cent Ti0,, over o width of 50 te 100 feet end a length of 1600 feet.

Irom Hountein. -~ A number of ore bodies are found on Iron Nountain in
Freemont County sssociated with amorthosite or olivine gabbros They wary in
width from 10 to B0 feet and have sharp contsots with the wall rock. The
average ore contains 48 per ceat iron and 13 per cent Ti0,.

Cebollo Creek. =- An w«mrrm? of titanifercus magnetite of umsual
goologicel interest cocurs on Cebollo Creek in Gumnison County. The ores
oocur s segregations in a pyroxenite and also in the contact metsnorphic
gone between intruded besie and alkaline ignecus rocks and limestone. The ore
cocurs as a large mumbor of smull segrepations consisting of aggregates of
magnetite, iluenite and bunches of dark brown mica. Analyses of the ore vary

from 9 to 346 per cent rmz.
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Bureka mining district. -- & deposit cccurs in Yevapal County which
spparently is a mugnetite rich phase of the gabbro averaging €1 per cent Fe
end 156 per cent 1‘1—02, the gabbro consists of lnhmq%%a and pyroxene with
magnetite, ummi’u, pyrite, snd apatite as accessory minersle.
Caliiornia
San Gebriel Nountains. -~ The titeniferous irom ore of the San Cebriels
in Los Angeles County are disousged in detwil in Fart 11 of this thesis.

14,15
Producticn of Titesmium in the United States

Dus to the small muwsber of produsers involved, no stetistics are published
on the domestie output. The growth of the consuming industries wust be jJudged
largely by the imports which furnish the buik of the sup, ly of the raw
zaterials The demestic production is apparently incroasing somewhat, but net
enough to supply to the present denends

Tuble I united Stetes Imports of Titenium (o)

Imentte. - - Titoniwe and Titenium Potas-

S BsEiey Ferrotitaniume sivm Oxalate, “tc.
Yenry - , : :
m Velue, m . “alue. | Founde.| Valuee Founds | Values
1981004 55,440 | $144,961 1| #2189 | cecesos| seoees | 46,648 | $7,443
198244 27,610 | 231,862 88 | 4,508 5,449 §718 61,689 | 8,882
1938.0a 43,2435 | 196,211 v9 | B,737 6,776 1,292 OB3, 001 | 82,608
1954eed BO,316 | 856,208 166 | 7,360 $9 240 434 161,130 | 26,617
1955..1129'?&8 6%0%3 312 15'1“ *"80 %‘ Ghbabas E R ALK R
195644 247,790 | 887,822 510 48,5662 anieh | eaise | ectamen | e

{a) Bureau of Foreign and Domestio Commerces

9,15
Prices.--"Irices for titenium ores and products are evidently more or less

acminel, as they remain unchanged throughout the years
in detal end Mineral Harkets, are as followss

The chiel items, as listed
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"Foreign ilmenite, 45-52 per cent, $10 to $12Z, per tom, f.o.bs

Atlantie seeboard; rutile, 94 per cent, 10o. per pound.
Ferrocarbon-titanium §137.60 for V& per cent C; $l42.50 for S5 por cent Ce
Titaniun metal, 96«98 per cent, §6-§7.

Titenium dioxide, 1l70. per pound in peper bags, 17 1/4c. in barrels.”

USES OF TITANIUM -
ls Hetallic alloys.--For metallurgical pummﬁz‘ ]’é'h%ﬂm is used iu the

form of ferro-titenivm with a titanlum content of 15 to 40 per cents In the

steel industry 1t is widely used as a scavenger for oxygen and nitrogem. 1%
produces & flux with these elements which rises to the surface of the molten
metely producing & stesl with oxide segregations reduced to & minimume It e
said to be better thum aluminwa for this purpose. Hail end structurul stesls
especially are lmproved when treuted with Qel to 0,25 per cent of titaniume
in recent years there has been a great inorease in the use of iren-titunium:
alloye in the steel frdustry for deepegtamplng end automobile bodystooke

In the stainless steel industry the addition of titaniue has been found
to markedly improve the stainless qualitiecs. Sor this purpose, the amount of‘
titanium added to' the stesl must be at leest 4 times the curbon content, By
edding eimilar emounts of titenium to the high-shromium steels, important benee
fits were obtained. The titenium takes the carbon from the chromium snd mekea
the steel more easily rolled when hot, prevents eir hardening, mekes it softer
and more ductile after rolllng and prevents intergramuler corrosion. In the
production of intemmediate manganese steels, ferro-carbon-titanium is displace
ing more sxpensive slloys, notably nickel and vensdiume

In the nonferrous ficld several sttempis have been made to use titanium
elloyse Yhenm added o copper it foms sn ege hardening elloy of great Atrm%‘ha
Other important developments have been the use of titanium in alimimwm snd in
grey cast iron end the prospective use to assist in age hardening chrome-nickel
steclse 1t is also found to be of value for additbon to copper castings,
These processes show promise and msy become of importance comterciallye
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2+ Incandescent Medin.--The high fusion and vaporization points of

titanium and its compounds coupled with sfficient radiation has made titanium
compounds useful in making electrodes for arc lamps. As early as 1878,

Thomas A. Edison took out an fnglish patent covering the use of titanium dia:-‘
jde {rutile) in arc lamps. It was &rigq_g}se in imgendescert lamp filements,
but tungsten has proved to be betté;P};;gégis purposes The addition of 33 per
cent titanium to & nickel alley with cobalt and iron produces an alloy known

as "konel," which hes been used in vacuum tube filsments, The alloy is useful
for this purpose beceuse of its great temsile strength at high temperatures.

The field of incandescent media is, of course, limited and uses little titanium.

e Pigmentsiffkitanium has come into its own as an eartilcle of commerce
mogtly beceuse it makes such an excellent pigment for painbts. Titanium diox~
ide hes a very high index of refruction and conseguently reflects mearly all
the light atfiking it, thus making it appear one of the whitest of pigments.
Furthermore, the covering capacity of a pigment depends, among other things,
on the mmerical difference between the refrscted index of the pigment and
that of the binder used; and in this commection, it is interesting to note
that if tho refrective index of linseed oil be taken as unity then that of
zine oxide is l.3%4, of white lead l.36, of amorphous titenium dioxide 1.48,
end of erystalline titanium dioxide 1.80. It is ovident that titanium pige
ment has by far the highest difference in refractive index and conseguently
the greatest covering power of the paint pigments. Titanium dioxide has also
the importent advantage of being non-poisonous.

The making of pure white titaniwm dioxide from minerals is one of the
most precise of chemical operations. It has taken competent staffs baoked by
ample finencial and mechanieal eyuipment, long periods to develop the tech-
nigues The process as developed is complex and is covered by hundreds of
patents. Titanium pigments are now produced in England, Ffrance, ILtaly,
Czechoslovekia, Norway, Germeny, Russia, Australie, and Japan. The United
States is still the primeipal producer and has four companies operating six

foctories.
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Pigment is made as pure titanium dxide, as Citanium oxide and bariom

sulphate, and as intinmete mixtures of titenium oxide and caleium sulphate.

It is used in meérly all Amorican mekes of ensmel puints for inside use and

to replace part of the other pipgments in most good, ready mixed, outside house
peints There are several less important uses wh&ch! help make the production
of titsnium-white pignents & growing business. In less than a decnde it has
grown from an insignificant industry requiring oniy 2 or 3000 tons of ilmenite
to & large business whose needs now exceed 100,000 tons & yeurs

4» Cemicm-l-&atamim has baenl used in ths cerumic industry for a long
time, (until recently this was its principal use) and its consumpiion here has
shown healthy growthe Titanium dioxide is used ln eeramic glosses, in topasz
yellow glass-wsre, and t insrease fluidity of acid-resisting snmmelss For
aoideresisting o::num;wls as much as 8 per cent El.‘mz is added, the yellow colore
isation belng suppressed by & 2 per cent addition of sodiwn fluosilicate,

Ee r:qldiug.hiliétms has proved itself very useful as the coating material
on welding md'm' It hae been found that it stabilizes the arc uaed in eleotric
walding and causes & much more homogeneous and pure weld metal to deposits, In
19356 it was estimated thet at least 1200 toas of rutlile were used on welding
rodse

6e Hiscellaneous Uswi‘gﬁiﬁedlmm uses of titanium compounds ares As
smoke soreens and sky writing im the fom of titanium tetrachleride, toilet
pmpai*n‘tiom suoh as face powders, creuns, so8p, und other cosmetics. In addi=-
tion, titenium pigments are b&i& used to ‘m i.n;rnuing sxtent in paper, lin-
olewn, in artificial silk (to remove luster,) in printing iunk, white rubber,
plastics, shoe polishes, for various leather and symthetic finishes, in Jdyeing
and tenning, and as sbrosives.
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Locstion,

™e location and peineipal means of accose to the doposits are shown on the
waps, Flete § 1 and Plate / 2. The deposits coour in Los Angsies Uounty, Califew
ornda, and are restricied o o belt botween Sand Canyomn ond the hondwaters of the
Tajugn Niver,

Topoaraphy,

The surface is in general very ragged and deeply dissested by o netework of
mwumvmmmmmmmmm;mmmm
thonsend fest (see Plate # B The mountelns veuge from 4,000 to 8,000 feet in
altitude and are sovaved for w9 most pard with thickets of dense mansenite.
dater is found in the bottom of some of the cawyons during most of the yeup.
Gond cuterops of the bedroek are found on the canyon sides or cieng roed euts
erer moat of the arsa,

Gugere) Geolopy.

™e general geolomy of tho rezion bas been deseribed by William J. num»l
in the following mammsr: “Tho Dan Gebedel Nountains msy, in o genepel way, be looked
upon 8% & groat bloek of pre-Cretacecus metamorphis and igneous roeks, thousands
of feet high, bordered on all sides by Tertiary snd matermary deposits. The
frast bleek ie aleavly & horst, its noase drokes into meny sinor blotke., It
was uplifted to 16s present helshit in ‘matewmary time, There sre thwee groat
bounding faulte or fault sones: fhe Jlerra isdve un the south, the @n Andreas en
the northeast, end the Soledad on the northmest,

The oldest set of rocks ls made up of schiste, orystsiline limestonss, snd
sories, more oy less associoted with euphibolites, bas boen invedsd ia tumn by
bodies of horablende-rich diorite, granite, snorthosite, diorite, @mearta syenite,
and grauodiorite. Large areas of nized rocks soneist of sohist or empbibolite



Fig. 2 = {Specimen R S B1). Polished section showing formation of second
generation magnetite from olivime. Mag. X 65

Fige. % - (Specimen 6 B 10). Polished section showing large swvain of ilmenite
(11ght) and the intiminste inbergrowth of the gamgue with 1%, Mag. X 85
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tinovalogy of the deposite 18 relstively shuple. lagmesise and Limenite ave Yy
far the nost sdundant ore minewals end are the caly onss of coomersial fmpordanse. In
addition, slaor mcunts of hesatite, iimonite, pyrite, molydenite snd rutile ere proe
aond, as wil as sevoral abunlant peagne minereko, deseribed ister. Yollowing 3o a
{a) Hebedilen
megneSite prosent; se peinery and the ofher fopming s s altoration prodoet Poow

fo the Yand speotmens ¢ 1s 4AfTfionlt to t6ll magmetite from fimenite. e
eppeorance of the tuo ownn under o had lens in prastivelly the swwe; both e heswvy,
bawo a prey-blach oolor snd o metallic Inster, There fs neavly slusys snowgh faon in
e wre to gilve o ddaractarietic ows staln to the socicy the smount of this afedn fa <
wory poosr eviterion of the saomad of nametite jresent. Ny mense of a meguet 1% 1w
poossibie to distingutal Iarge differences in magsetite conlent, Wt is vethod So
sinllar properdles, Doth ave grey, haye nenply the sase baplopss ond resct pegetively
to all reapente, There is o olight color difforsacs betwson the two misewnls wiieh
magatite 1o lemeteric awl leuse fsotropic. ‘his foet xedme 1t possilile to sepavste

Mumy ettanpte woro made to find o methed of diffevestiakly staining mognetito-
Lloenite. ummmmmmwmunwmmm




Plgs ¢ = {speoimen Irvonm Sumd). Thin sedtion showing on “aetinolite™ typs ore
vich 4n feldapar (white).
Hsge X 1@.
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59 (Fa0, Ti0g) = Ilmenite Lo the only minemel of eeontmds importance found inm
e ore. Ity llke maguotite, s precesnt in ail specimens studied. As stated above,
the best way found te Gistinguish Ilmenite from magnotite is by its bohavice under
polarized light. OCommonly, the flmonite fs intergrows wlih wwwm ;
{oee Fig. 3}. For poreentage of metallics ani the rutio uf magmetite to ilmesite in
tho ores see Tebles LV and V.
mtus.)a-@mmmwmumwm. ,
Henatite {7g0g) - Minor ancunts of hamatite ave found fa scms of the sections studisd.
The minevel 1o not common, but come sections (It 3 52 and R § 60) contain up to 1 per
oente
Limontte (Foghs. Hg0) ~ A coating of limenite 1 found om some of the weatheped
Helybdenite (Mofp) = In some of the seetions, particulexly thess of the Rattlew
smake Group, several grains of molyblenite are found, Although the gredne are
amall thoy @iaplay the charecteristic four extinetions per revolution end ave nege
ative o sll veagents. "his mineral is of minor importance, bt as mueh ass 1 per cent
1s found in sections R 8 80 and R & 58l
(b} Congue winerels - Many geneue minerals ave found intermismd with the ore, The
nost impertant of those noted incinde:
Peldspey - Peldspar iz abundspt end is Tound sot only in the country rock, et aiso
mmwwusm the medallic minerals (Joo Fig. 4). It is cosnonly found fntere
grown with the magmetite end ilmenite, perticularly in the Yerbe Duena and Iron
. Mountsin ores where the massea of magnetite and flmenite asre crowded with small ine

clusions of faldepar and other gungue. Twe generations of feldspar are often presend;
the earlier i altered and conteins many inelusions of magnetite, while the later is
fresh and almost free from inelusions. The feldsparés ave priscipally past calele

2
andesine and labradorite.



A g
Oiivine « Odvine is o oomom pangue mineral {iee Mge 1) It Lo often altered
to nagnotite and less commomly to brown 1ddingsits, sevpentine and bletite. {see
Tigs 8)s vhare the olivine Lo extensively sltered theve is an sppreciuble incrense
in the magmetite-ilnenite ratio (dse Tuble T) showing olivine to o an importunt
souree of megnetite on alteatiom, '
imgite = Uy to 30 per samt of pale gresn augite is found i some of the ores The
most eovmon slteration jroduct frem 1t is ectinolites '
Apstite - As much as SO per cent apatite la present in some of the sooticne (e
Pigs 30)s It is wamoual to have such a lavge percentags of s msinerel in & rook
and % 1o poesible that apatite may becoms a byeproduet valuable as a fertilizer,
oarts - Some quarts is found in tho dforite type ore, but 1t is not ae sbundant
a8 sasual fuspoetion of the hand spesimens seens to indicate. It esldem exceeds
2 per oont und 1o weuvally found ns suell graine in the peastion rim of o megnetite
hownblende-~foldopar Dasss. mum'ammmmmmummm
progence of the quarts in the rosk, Fe postulates thet ab fivet theve wae just
sagnetite present as inelusicne in the feldepay eryetele und thet resshion betweon
the two winorels begen with the fuwmatlon of hosehlende ond quartsm, The reection
vontimied watdl the magnotite was used up and there remained only guerts, hommblende
end feldspar, Wby thio resotion chould tale pluve in only some of the grains is hawd
o0 explain, but 1% mey be due to Impurdties in the Papnetite,
mmmmwwwumm‘mmwi aniotropis ninoral,
which was doternined to be rutile, wore found. Thess spooks are suell, uscomAOn
and of no oowereial IMpOrtance, |
Louexene - Anothor alteration product of the Llmenite is leucoens, As flmenite
ia, us a rule, little aliersted, louccxons L8 not conmon.
.*mmmﬂumummmm”mmm

minewels assooiated with the orse

r Cepywos Binerals found include: - A fiderous tewnclite, brown biotite, ohlorite,
mem.mmtnmmﬂnmmuwmmw




Figs 5 ~ (Specimen Placer). Section showing Wiedmamnstaten gtrueture due to
intergrowth of ilmenite (1ight blades) and magmetite, lNag. X 6%

=

Fig. 6 - (Speeimen R 3 5l). Section showing large grain of magnetite-ilnenite

t

-

pitbed with inclusions of gangue. Mage X 65.
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3% Sa thought the ninerals were forved dn the following omder: Ximenite,
mEetiie, gaage nluownls, pyPite, molybdenive, heatite, Linanite, mtile and
dulefbae  llagoetite and llmeite were euply wnd probubly edyetalliznd contenpove
ooudly with the wosling ntemuive. later hypogune solutdons Luviied the Seposid
and Brought 4 hepadlends, mwite, DAotite, apntite, shivice, estte-and feldspur,
Dasmile ~ Nsenite enl magmbite wre We firet of Whe mixiios to czyotallise
oute Thoy ave swwtines founl iatewsoun in iodmumetatten puttern tndieating
£ 57"a///zo'7"foh : ‘
- sedid-astutions {i00 g B)e In the Yorba Duess
mmmmmmmmmmmmmmm '
minorale prosant. Hore o rAGStito-linmite crowths are preswmb, Io fust, the two
motnls aro esidon evon 1o conteets This deow not hold gemerelly, however, and the
bl of the evidenoo shows that megnatite and Slaenito ewretallize convemporensously.
Thore L5 nous eviienos Cound In epoetnens fvus Group 9, end Cenyen regton, (de
Plate 8 fur losatine) What these ave tno seoarations of Aientte, ous very early in
the history of $ho wook and 3 later oseusrring with the intruston of gaoge minevels.
The flreb generetion Llmenite Lo genovelly dn lewww oryeteds that conteis many
7Fm mem& af wa// rock

e snmed the leter flsenito sewnldly ecoure as veinlete or blades and
Goos net eautaln vory muoh ganme ae inelusiosse
lagneilte « The mapaetite oryotallisod convenpurenchualy with she Llmsaise, probadly
during opystalilsation of W lutvastve (deo Mgs Sle Tore axe fuo gencretions

_ f"é‘-lﬁ?"/’(/f/ v

-
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m”’meWMMWMMWWM

e (e Pae B wmmmmmmu:mfxmwmm
yeinary and lator mgaotite, ssseyt 4o Pirsk sontalne meny magte inolusions Wbl
mmmm'mmmtmmwm In almost ovory csos it is poss
aibls to teoee the volnlets of sescnlary megmotite buok %0 the remants of an
MMMMMthmemmmmm
of oagnetite, 1o an eltemation produst of wilvine.



« Following the sryeteliization of magnetite and ilmemite other
mmmmmmuwmmwm ihess werw prinoipally the dark mafie
minernls, biotite, olivine, and apatites There wae eles importunt
puoants o tmﬂm {eithor caleio endesine or luhwedorite), Bub no goartss Later
thare was an intrasion of sineral Leardng solutions wbich brought in 3dditionsl
bornblends, biotite, apetite, and feldupars I8 was during tis perdod that the
sesond generation of ilmonite and magnotite was formed, Galoitey wp o 10 por cens,
i found in oome seotions. It 49 very lote and 1 probably of secondary origin.
Zzilo - It s thought that the pyrdte oxystallised et noarly the same time as the
hematite, |

Holybdeaito - Molybdenite formod early in the persgesesiec of the minerale, Its
age relation with pyrite is not ehown,

Hemagite ~ The hamatite is definitely later than the ilmenite and mametite wid
may he sesm cutting them in several seetions imoluding speeimens R © 52 and Bl
xt-iuwnmmmm.mm,mummwwmmmm‘
m Linonite fomed as an aiterstion product of magnetite and flwenive, It
“W“WW&#“MW&

m»mﬁu is of mmmmwmumamwwm It iz late
in the order of formetion.




Pig. 7 = [Specimen F P C). Seetion showing an exemple of a rich coarse-grained
magnetite~ilmenite ore of the “dtorite" type. Mag. X 65,

Figs 8 = {Speeimen B 3 52). Section showing the dlspersion of the magretite
{imenite gralns amonz the gansue. A low grede speeimen comteining sbout 8 per
cont metaliics, Megs X 69
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AMM'am»m~wtmwmmnmmm<mhmmw. The |
mineral sssociations, esount of nagnetite-ilmenite intergwowth, and gralnesise |
largely detwrmine the degree of grinding necessury to free the sspavete minerels and
conseguently vitally affost the hope of ecmmereinl separetion of the flmenite, |

Almont oll proportions of intergrowth between the nagnetite snd ilmenite are |
found. Gomotines the megmetite and ilmenite coeur ss separate greins, sametines they
are partigally intergrown, eand sometizes the two are oo intimately nixed that 4% la
impossible to separate them comnercially. in intevestlas sase of Wicdmmmstatten
structure due to nagstite-ilnmenite intergrowth is mmwmammm{mm.'

Timenite is present in the ore massos, mell greins, blades, and thin veislets,

4 xnmmﬂmummuummn.mmswmwmuwmumw |

of {0.0ms), mmﬁumummnwmymMmﬁwm ‘
masses (500 Figs 7 and 8)e It tends to be finerwgrained than the ilmenite snd has an |
- average grain Glametor of (0,95). '
Pables 111, 1¥, snd ¥ show the apyroximede grein dismeters and the peresntage of
{inenits that 1o astimated to be freed by different degrees of grinitng.
he gungne minerels most closely aseoelated with the magnetite-ilmenite are felde
opar and horsblende, The seoondary negeetite Lo 4n close conjumetion with the olivines
0ften the metallics are comcentrated at the FLCCl i it g
o textares varled 8o from reglon o voglon (oe Flate 11) and even from ene
pert of an ore depoalt to snvthew, that 1t e very hewd to generalize regarding the
textures of the entire deyosit. For this reasom 1% s desiruble to present the following
brief deseription of some of the sections studled, |
S8 - A dense, medtum-prained *diorite” ore. The netallic minerale osour us
lerge massive mming snd constitute 40 per ont of the orv (6o Mge 6)e Moy cseur
pednelpedly alons gengne gredn bomaderies, but sone cogur within the gangue. Newzow ‘
voinlote of metallies eut the gangue orystals or outline thelr bundaries (similar)

to those shown in Mg. 8)s There appears to be a0 differeonce fn the grein sise of the



b 3
mondte ond wametite, A amoll anount of the Limentte ocours es blades in the mage
notite orfented as 4F thoy wore elong oleawags or parding plenes, Iaclusions of
gengus in the negnetite are lorger oud nore mmerone than Hose tn the lmeite, &
fow @il praing of medyblenite were noted.
i o 08y » The naguetite and ilmenite cosar as msnll oweing, groups of seains op voine
ioto ssattered throughout the seotion (iee Tig. 8).
@ 28 = Good oro, massive negnetitoe-iloonite, letallios ccour as sratns end slustore
{noluded $n the Coldopax ganmmos Ilaomite graiss epe pure and contedn pwetieslly e
nasotito as futorgrowths or Lociusicne,
48 B « lpetion In uookly feldeune, Lus conbaling shout 9 peyr ooat motelldes as dots
and blados within the Gryateds ond aloo us massos around tho olges, Mo graiss
froe fvan magnatite, |
D ¥ - Mool altersd actdnniite apo,  Songee Sa lsgwoly sotioelite and Deldspurs
Pamwrtiteo-linont to yrosent se doperesd prafns contalodng ebundant faolusione of
sacgme. Corved twinning plenes in soms of the flmendite orpotals showsd they bhad
midered dofornation, Soms of the llemite sad magmetito o soattored in suwoh ameldl
spadtis ¥hanuobout the gancpe that 1% would b8 fmposeitle to vosover thes ocamserelelly.
65 10 « Diorite type, lorge powesntogs of feldapars Ilmenite makes up about 30 pey
cont of the poak, Omly one geain of megawtiie uo. poted, The ilmenito cocurs as
irregakar ovalne wrieh vary feon sudssiosossopds up to 3 mm, about 50 psr cent delag
0.86 ma, TEthdn the gmine, houever, are mmevons gunoee fnclunatons, whish woald
roquire srinding to at least 0,00 e %o free (Jon Pigs %) The timmalte which &s Cloer
than 0,80 mm 48 gwessnt as mall alongated pains arlented parallel o the feldspar
oloavege o ao fioe wmapbde intersyowtbs of the Celdeper snd Lmenito. It &s
improbubls thet Llmendte Slmee than GuBB mm oun bo wonemically resovered fwes this type
of ol



0 6 « Uassive ore, about B0 por cont magnetite and ilmenite with gheuoerysts of feldsper
erystals contain epinel Miednanmstatien intorgrowths of magnstlte-ilmond pe 270 Pundant.
P 0 » Conrsowzrainod dioritie cre having 42 per vent metallies by vokee, subdivided
futo 64 per eent ilnenite, 94 por cent magnetite and 1 per vent molybdenite, About

4 por eent of the imenite ocours s¢ Viedmsnnstutien intergrowths fn the magnetite,

and 4o too Tine to sopaxetes (See Plgs Ve

48 B » e aetallie ninerals {ilmenite 4 por cent; megnetite and hamatite 3 ey cont)
cosgeise ebout ¥ per cent of the pock, They are pesvent both as dlsseminated sreins
and as veinlets dn the sangue, perticularly in the feldsper.



he ore may be conveniently classified fnto two main groups, the “dlorise” type
end the "setinolite™ type. Although these groups do grade inte one anpther and im
the strictest sense do mot ineluds oll the ore types, they awe, novertheless, disw
#4006t encagh %o serve in a useful fiold elassiffestion, It miat be understood, how
ever, that ;mnn are field nomes that have been found nm, not exset petroparhie
Ok nrams i,

"Disrite® tyve « In the hand speeinen the dderite type uppesrs o osour in &

rock very like a granc-diorite, tut on close exsmination under the micvoscope 1t proves

to be a varioty of gadbbwe (dee Migs 10} It s wounlly coewse grained with an avere

ago grain diamster of 0.5 mme Thore ave two gencrations of feldspar, one much alteved

und containiag many inclusions, the othey fresh with few imclusionss Soth ape osleie
andesine or labredorite.

The quarts le prodably of sesondary ovigin and seems to be the result of alteras
tion of the feldeper and hornblende. The ore bodies ave of s dleseuinated charastor
and are often found as steoks mirrcunied by the country rook. They ave ususlly more
resiastent to weathering than the currounding rock and hence ocutercop as »idges. ‘The
dlorite type of ore appeurs to be the moat promising comercial souree of titaniwm
singe 1% wsmlly contains less magnetits than the other type of ore and is coarser
areined. (Hagnetite spollae the ore for the manufaétore of plyment and must be ree
moved befors the ore win be treated).

An average composition for a dlorite type of ove e

Timonitos vuesesnnrsnsrsssnnnosssansnnene L7 por gont
mﬂmwmumwmawtmwoumwmaﬁ 8 per cont

T B por ot
AP I s s unnansnsssrsnsosiansaomnsvnsey | B0 por cont
mm and AEltosssessenenssrsssvanres SO PO cond

BARFAARGNBCIER R RONOAY AN BB ERE VNS % por cent
mm. hornblende, rutile, ehlorite, ;
serpentine, leucoxens, 14dinzeltesessees RL por cont
iype -« The astinolite type iz ohapestewimed by ite lighter color,

abundence of feldaper, sad by the fm@t that the ore bodies uwmelly ccour as dikes




Yige § = {ipocinen B 2 88). seetion showing “diorite" fype of ave, Apetite
{lighs), olivine and emglte (cray), maguetite and flmenite (bLleok).
inge X 10
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o sills (500 Fige 10)s
‘e following composition s reprosentatives:

TInenlts sesnssnsnvnnonnsesnessnasnsnnes A0 po cont
Hagrotite sessesassnnnavosssnnsvanasnosns B por cond
FaldsSpar sessasssscansrsnssavssisssans DO HO¥ SO0t
Olivine and engit®,ssevensnssnancsnsenss S por cont
»'&lemmmwwmuuuu»mnmwmMumn 7 per cont

swrpenting, :m&m leugaene , -
f1ddingeite, heantitosssesssrsnasnssssnse B por cond

Tho sotinolite 1s the softer of the tw types aad is less resiutent 1o westher-
tng. It ususlly sontains a higher proentage of magietite and henoe i leso desirable
then the alorits ore, inetber objoetion Ls the motallies ave finer grained, Wud=
sseitating finer grinding and wvesulting in hisher tailing loases.



uwmmmmrhmmwmmthbummemmmm
is not definitely knowm. Jrom en exmziz:tion of the cutdrops it appears that they
osour aws (1) blebs or stocks surpeunded by vountry vook, (2) sbhawply defined dike
or sillelike muosos, (3) wnmmammmeammmu
{rregular masses with gradetionsl boundaries,

In the £e1d 1% is often possible to distiaguish the ore bodice because of the
faot that they are jhysicully stronser snd more veslstant €0 weathoring that the
surrounding rook. The dureble nagnetite-ilmenite float is sbundsnt and often provides
a valueble clue to the loeaticn of ove bodiess

'mmmxammmmmﬁwmmm& titantivm
doposite, It ie probable that the gangue minerals weather cut before the ummm
ilmenite, leaving them free to be smrried away by ercsion, They have not fommed
important placer depositss

It 15 beldeved thet the primary ove of the dan Gebriel $iteniun deposits vas fumed
have been fnvaded by one er more lurge gebbroic intwasions. Within this megme, it is
thought $hat diffeventlation by erystallization ceused the more basis materials,
sueh os the irvom and titemius xinerals, %o emystallize fivet, formfng concentvatiots
rich in megnetite and ilmenite. The moagwa was later emwoded, exposing these vons
contrations of magnotite end ilmenite on the wurfuce sy the pwesent ore bodies,

mmmmmmmmﬁummmmn‘;%wwmmmm
(1) The minerals of the ore are exolucively lgnoous rook-msicing minerals and their
alteration ywoducts (seo pages 25 and 26).

(2) e texture of the ore ie owch that the minsrels are intergrown like the minersls
of an igeeous vock; there is not eruetification as in velns.
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{8) Tho size and shape of most of the ore bodies are suggeotive of nagmatic segrega- |
tion. Deposits formed by magnatic segregation, like other igneous roek, may contain frsge
monte of the wook invaded by the magea. This weadily acocunts for the irmegulap shape
and inclusions of eountry rock in come of the ovre bodies. |
(4) \mmvm‘mwmmmmwmmuwrwthmmumj
of the ijedmannst.tton intergrowths. In bome ssetions, especially the Yerba Dueme ‘
Sebries, there is evidence %o show that the ore was formed, or at least enrdehed, by
hytrothemal solutions, Soveral "dioeite® ore bodios are losated c10ss $o waltered |
anorthosite vosk, whish although 1% is gemerally white in coloaw, doss contain apprecfable
smouate of dark mimerals, If the anorthoside rock were attaclmd by hypogene sclutions
bearing feldepar and deri mafic minerals, euch as magnetite, ilmenite, apative, blotite,
and olivine, a vock very similar in compesition to the "dlorite” ore would probably |
romlt, The uthor belicves this to be a reasonable explanation for the fametion of
(o AR o s I8 s Wit ntaanond Sl acain il Bt el s
and opes deposited in and nlong fissures may be closely associated snd closely related




(%4 SICLEY L v I Ty A PTRATR
L el b AR

Titantum ores are generally given a prelimfnary treatment to (1) twuprove the
grade of the owe, snd (1) to remove objectionable impuritics mueh as megnetits o
apatide, ALL fvon in the ferric state must be yemoved oy converted o the ferveus
state before Llmenite may be trestsd to be made {nto a plament for use in pednk.
4w the conversion of ferrie to ferveus iven is o costly chemisel process, nesrly come
plote separation of the mognotite fmom the Llmenite must be mede in the w5 Safere
shipplng. The presence of much spatite is objootionable s it lowsrs the grade of
the Llmenite concentrete, 0né of the prineipal problems in connootion with the
san Gabriel deposits is whethor or not the gre is mwemsble to trentment, f. 0« 15
i% possible to make & pood llmenite concentrate suitedle for shipping end free
fran objestioneble lupurities, sush as megetite and apatite, b throw Light on
this problem many spesimons were exmuined under the mierossope to detemmine the mature
of the ove, The follewing propertios weve espeeially noted: (1) the peresntegs of
motallics prosent, (2) the persentage of ilmenite in the metallies, (8} e peveentage
of magnetite in the metallics, mnd {4) the epyroximate cogmee of grinding that would
be mecessary to free the motallios and to soparnte the megnetite fwom the §{liaaite.

Eineregraphie Work

Folished geetions may give much valuable information regarding the nature and
toxture of the ore, Sumples are colleeted at the property, rumbered snd ladded as
regards group and position end ssat %o the laboretory at the Califeraia Institute of
Toshnologys leve the hand speeivens are examined snd suitable portdens taken %o
be mounted for polished seotions or mude into thin seotions, Iy eorrelating thie
mﬁmmusmmmmmmmmmummmwuumm
tor (1) deelde on & rough plan of treatment, (2) estimase the dogres of grinding
necensery, and (%) have e vough eheok on the sfficiency of the mill separation after
a sanple fo tosted, ‘

Tablos 17 end V tabulate the vesults of the ninermgraphic work,




The followiny table is used to converd the grain eisze determined uaduy the
mierossops Bo soreen slzes used in the miliing labovatory.
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Bellowing is a tabulation of some of the results obtained:
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ALl pereentages given in the table ure by wolght and are soourate %o the nearest
6 per cent (although probably closer in most sases)s Ihe depres of grinding repowted,
80 mesh and 150 mesh, is purely avbitvary and 15 used $o dhow the average sisme of the
graine and how mach ilmenite ehould theovetieslly be unlocked 4f the ove s all ground
o pass through seresns of sush finencss. ‘

grade swmplos, some as bhigh as 85 per sent metallics by wedsht, but the aversss ore froam
thia group fs of much lower gwade, averaging oaly 21 per cent metallice by weight, Of
this pareentage 77 por cent Lo ilmenite and 23 per eont is magnetite.ssd 1t 1s eatinated
that ¥8 per cent of the ilmenite is freed by grinding to pass on 80 mesh soreen, (See |
Table 11L). |

vmt ia to say, the polished seetions studfed mm Shat L6 would be theoret-
foakly possibleto obtain 81 x 0,77 x 0,75 = 12 pev cent Llimeuite or 240 pounds of 1le
menito pox ton of owe,.

{500 Plate 13 for losution) conteined Ghe highest perventage (36 por cent) of metallics |
of any group studfed, The metulliss have o magnetite-ilmenite ration of 54,66 which is |
higher than the average and constitutes a serious disadvantage, O(n the sverage,¥5
par cent of the Llmenite would be freed by grinding to 80 mesh,

Theoretically it ehould be poseible to resover 36 x 0,66 x 0,75 5 18 per esnt
Llmenite or 360 pounde of Llmenits per ton of ore. This, of courss, asmwes g 100 per
cent recovery of the Llmenite freed by grinding to 80 mesh and slso that & olsen cone
sentrate free from both magmotite and gamgue la obteined, In commerefal treatment it is,
of course, impossible to obtain such resulte.

{se Flave 2J sonkdn on the averege BS por cent metsllies, with & low mugnetite-iluenite
ratio of 11100, This watio is very favorulle for eoneentretion as 1t meens there is ‘
almogt mine timeg as such ilmenite as magnetite presents
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It is theoreticolly possidle to recover 83 x 0,00 = 0.81 # 16 per cent Lmenite
or 320 pounds of ilmenite por tom of ore from these semplos.

The last group of samples exemined s from the Yorba Duena series, They average
268 per cent melallics by welsht and have a fevorsble magnetite-iilnenite ratie of
14:86, Thess aposimens are the coursest grained of the sumples wiudied as 97 yer sent
of flmenite is estinetod to be fresd by grindiang to 80 mesh.

The theoretical vecovery possible fyvom this muuamumﬁwwm
ilmendte or 380 pownds of ilmenite per ton of orwe, .

A slnplo arithnetical means of the gversse of the four mroups show the spesimens
‘to cuntain, on the average, 28 per cent metallics, of whioh 79 per eent Lo ilmenite and
21 per eent is maguetite, Tho grein size s suoh that 79 per gent of the Llmenite is
frood by prinding to 80 medh and 92 per cent by grisding to 150 mesh, (dse Tadles 111
ard V).

Theoretioally 1% is possibie to rooover, 26 x 079 x 0,79 ® 16 per cent ilmenite
o 320 povnds of ilmenite per tom of ove by erinding 4% to 80 mesh. Ny grinding to
150 moah the theoreticnl recovery would be fntrcamed to 26 x 0,79 x 0,92 » 19 per cont
fimenite or 550 pownds of Limenite pew ton of crey ’

Agatn et it Do understood thet the above results aye theoreticel and ave obtainsd
from a velatively fow saaples, Hense widls thay do serve as @ useful guide, the fig-
ures shonld not be wonsldered as representative of the whole deposit in either grade
or POEOVERY.




Fige 10 ~ (Spooimen R 5 88). Thin seetion showing an ore rich in both apatit
{vifte) and metellics, magnetite aud llmenite (black).
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A group of thin seotions were otudied to idemtify the pon~opaque minerals and %o ’

dotormine thelr approximate abundance, Ihe petrogvaphie work aleo served as a valuable
chowk on the polished seotion work. The minerel apatite, bessuse of its poseidle valve
as a by-product was given special study. The thin seotions showed that 1% is an abune
dant constituent of the ore and is often Intimetely mixed with the magmetite snd iimenite,
(gse Fig. 10).

In thin seetions, besides the metallies, the following minsrals were idemtified:
Apatite, olivine, sugite, feldapar, brown biotite, actinolitle hormblends, chlovite,
brows hornblende, serpeatine, snd iddingsite.

Teble V tabulates the vosults from the thin seetions studied. g
Tuble V

Speoimen Nunber % Netallios | -ﬁ of Total lon lotallica % Apatite ostimated
amm R % be freed by grind-
SR W— - + g _|__ing %o 80 mesh, _
) 24 = w|se| ¢ %0 |
22 B ol s} @ 9
26 & ol | 2 98
26 99 | ol asl 96
18 ol w!| & )
6 | | 2 50
18 0 50 4 B an |
ﬁ“ﬂ : . - 'ﬂ ’
> . . " - w |
” J fu |

B = Polidspaz 0 = Olivine il augite D » 411 othére Alt, » Olivine has been
mvmwm

411 yercentapes securate to ©f or better. mwatmmmu ia by
welghts all others by voluwme,

The minerais elsssed ss vall otheps™ ave a brown Diotlte, sotinolitie hornblende,
apple~greon chlorite, tremolite, greenish serpentine, brown horsblende, rutile and
Ladingsite, C | ‘



= {Spetinen R 3 66 bh). Thin seetion showing cinost complete altaraﬁuJ

il

i e

nogneiito and serpentine,

of oidvine to
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mwummmmmmmm@mmm,mmmwmmm
erale, magnotite and ilmenite. This is somewhat lower than the figure 26 por cent ob=
WMamwmmamm Mrﬁmfwm;umtmmm
uummmwmammummwmmmwm. Hm“Mﬂ'mmiw
mtammat&amlnﬂ}mmusiuam.mmummwwmmnﬁmm‘
are considered clone Mraw‘nmammu found %o be 26 per cent.

e seetions (Huth 1, Eath, 2 ote) richest in olivine end sugite ave slso low in
motallics showlng hat olivine coomomly alters o magnetite (Ses Fig, 11) %us fnorease |
fag the magnotite~ilmenite vatie end at the seme time the porcentage of metallies, ‘

muuunthmawmwn&wmtwmw:tmwm:nmmum \
mmemtummthﬂrmutMWMum Orinding to
B0 mesh frove 83 per cont of the apetite prosent. Tat 4s 18 2 0,83 8 15 per cent
nn%hwmmwm“wmwmwmuﬂhhm
| hen 4% is reslized that some of the ore containms 300 pounds of apatite and 330
pounds of Llmenite per ton, 1t ia evident thad some portdens of the san Cabplel deposite

1y f(a) The ore of the den Onbrlel titeniwm deposits contains the mmmmm
iinenite, magnetite, ganme ninerels, pyrite, molybenite, muu. rutile, and limonite,
( (b} lNaguotite and flmenite arve the only abundent metallls Winersls and are the
only ones of vommereiel importance,

(e} The principal gangne minevels azes apatite, olivine, augite, horablends,
- By The sdnerals are belioved to have fommed in the succession given im 1 (a)s
S fa) e prinary ore of the i ubriel titaniw deposits ws forasd by magatie
sogrogation and is probably genetioally mm ta the losal gubbrole intrusive,

(b} Gome of the ore bolies wore fomed oy leter enviobed by the astion of
hypogene solutlonse




de Microscople work indieated that the magnotite-ilmonite om would be emenable to
 sopavatfon, Suitable milling equipnent must be found, howsver, to overgens the
physiesl diffioulties of sopsmting the maguetito fwonm the ilmonito,

Be The atundance of apatite indjcates thet 4t mey beoooms & by-produst, wiluable as
& Pertilizor, | -
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