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AB.3THACT 

Titanium is the ninth most abundant (1,m, nt in the crust of tht earth. 

The most common primary titanif(rous mineral assemblages are: 

(1)mixtures of iImErlit, magnetite, and in v-laces othr iron oxides; 

(2)nelsonite, an ilmenite-(and occasionally rutilc apatite rock; and 

(3)various aggregates of rutile, and brookite. lancliY.ls of s. condary 

cl, i_osits are oft(n alter( d, and usually include some leucoxene. Ilmenite-

bearin aggr. gates occur chiefly in anorthosite complexes, layered norite 

comp1(.xes, gabbroic and basic complexes, and nelsonite bodies; small 

amounts occur in various other rocks. Rutile and brookite occur in nel-

sonite bodies, anorthosite, acidic dikes and veins, and complex deposits 

at Magnet Cove, Ark. The secondary deposits include modern and burid 

beach sands, stream s: Ads, clay, bauxite, and soils. The theories on 

origin vary with the deposit, but usually indicate either some method of 

forceful magmatic intrusion, or replacement phenomena. In the United 

States ore is mined in Florida, New York, and Virginia; additional_ potential2 

reserves occur in Arkansas, California, Linnesota, North Carolina, Rhode 

Island, and Wyoming. In Canada, ore is IToduced at Allard Lake and St. 

Urbain, 4110.cbcc; potential res(rves occur mostly in auebec. During the 

period 1941 to 1950 titanium ores wre also produced in Australia, Brazil, 

China, i.gypt, French Cameroons, French .equatorial Africa, India, Japan, 

Korea, Malaya, Norway, FortuLL1, Russia, Senegal, and Spain. Potential 

reserves occur in Ceylon, Finland, 1adagascar, New Zealand, Sierra Leone, 

Sweden, Tanganyika, and Union of South Africa. Numerous other deposits 

contain variable or unknown amounts of titaniferous minerals, and are 

cited in this rte port 
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INTRODUCTION 

Abundance and uses of titanium 

Titanium ranks ninth in abundance of the elements in both the outer 

ten miles of the earth, and in the igneous rocks of the earth. It cm.-

prises 0.62 percent by weight of the crust (Clarke, 1924, p. 36), and 

0.48 percent by weight of the igneous rocks of the earth (Rankama and 

Sahama, 1950, p. 39). The listing of some of the more common titanium 

and titaniump»boaring minerals is shown in Table 1. 

Compounds of titanium are widely used by industry in paint pigments, 

papers, textiles, plastics, inks, ceramics, welding rods, steel alloys, 

abrasives, cutting tools, electrical apparatus, tree, and smoke screens. 

Metallurgical developments since the close of World War II indicate that 

pure titanium metal and its alloys show great promise as light.woight, 

strong, heat and corrosion resistant materials for use in structural work 

and aircraft engines. 

7 



Table 1. Principal. Titanium and Titanium-3earing Minerals 

Formula Percent T122 ReferenceMineral . 

Oxides 

TiO2 98.4-99.8 2 p. 585Anatase 

TiO 94.1-98.8 2 p. 591lrookite 2 

Maghemite Fe 1.37 2 p. 708
203 

Magnetite up to 7.57 2 p, 701Fere204 

Rutile TiO2 89.5-99.0 2 p. 557 
2

Ilmenorutile Fe (lb,Ta)2xTil_3,02 41.2.-54.6 2 p. 557
x 

Tantalian Rutile 45.7-71.2 2 p. 557 

Titanates 

Qeikielite TiO 63.8-67.7 2 p. 537
Mg 3 

limonite FeTiO 48.6-57.3 2 p. 537 
3 

Perovskite CaTiO3 58.7-58.8 2 p. 732 

Cerian Perovskite (Knopite) (Ca,Ce)TiO
3 

47.6-56.4 2 p. 732 

Niobian Perovskite (Ca,lb)TiO 38.7-50.9 2 p. 732
3 

Pyrophanite MnTiO 50.5-51.8 2 p. 53?3 

Titano»Silicates 

Sphene CaTiSiO 34.4-44.9 1 p. 714
5 

Silicates 

Amphibole complex variable up to 2.0 1 p. 403 

liotite complex variable up to 4.7 1 p. 634 

garnet (var. schorlomite) Ca3(7e,Ti)2((Si,Ti)04)3 
variable up to 22.1 1 p. 448 

Olivine (Mg,70) siO4 variable up to 6.1 1 p. 456
2 

Pyroxene (var. titanian augite) complex variable up to 9.0 3 p. 560 

References 

1. Dana, 1911 
2. Palache, Unman, and Frondel, 1944 
3. Rankama and Sahama, 1950 
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Puri.ose and scoF: of the report 

This report has been prepared to provide information on the geoloLic 

occurrynce and r sources of titanium throuLhout the world. It is based 

solely on published material, most of which is in the library of the U. S. 

Gological Survey- at ',NashinEton, D. C. Th, report does not include any 

new or unpublished data from field work, but contains information thet 

is found in the articles listed in the. bibliography. 

The first section of the re.ort concerning geology and mineralogy 

contains information from publications thatwere available in the U. S. 

Geological Survey, r:- The section.shinLton, D. C. 14) to December 1, 1953. 

on doscritions of individual dei.osits contains information available 

during the spring of 1952. Thfore, material more r= cent than early 

1952 has not been included in descriptions of deTosits. 

The word or:. is use d in this report to describe titanifrous 

mineral aLgregat(.s tat could be profitably IlLfnLd during the sumnir of 

1953. In plLtces it is n, cessary to refer to writin,s of authors who have 

usd th ttrm in a loose. sense, and in th s casts the word is 'nclos(d 

in quotation marks, so as to distinLuish it from ore in th' true. comim r— 

cial se nse . In parts of th( re port, dirct quotes from. oth, r sources 

use the word ore. The quoted authors, however, may not have intend,d to 

imply commercial usabilitsti, but may have ref, rred only to those: portions 

of a deposit that contained the titanium minerals. 

9 



The author has attempted to give factual reports on geology and 

reserves, and to introduce a minimum of his own personal interpretation; 

In some cases, however, it has been necessary to evaluate certain state» 

mentR in view of findings more recent than those of a given article. 

This is true of the use of Ilarizonitos, and other mineralogical terms. 

In some cases, the validity of mineralogical descriptions of a deposit 

can be questioned, especially if such descriptions are based on insuf» 

ficient chemical analyses or petrographic work. 

10 
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PRINCIPAL TITANIJM-33ARINe MINERALS IN DEPOSITS 

The principal titanium—bearing minerals in deposits are the iron-. 

titanium oxides ilmenit4 and titanian—magnetite, and the cxidos anatase, 

brookite, and mails. Sphene may be used as an ore in the Kola Peninsula 

of Russia, and some interest has recently been shown In perovskite. 

12 



Anatase (Ti02) 

Anatase (formerly called octahedrite) has the same chemical composi— 

tion as rutile (T102), but has different properties and habit; it is 

known as a polymorph of Ti02. It crystallizes in the tetragonal system, 

as 
usually,highly modified crystals with an octahedral habit, and less 

commonly a tabular habit. Its color is various shades of brown, including 

yellowish and reddish brown, passing into indigo—blue and black, with 

paler greens and blues much rarer. It has a colorless to pale yellow 

streak, subconchoidal fracture, adamantine or metallic adamantine luster, 

hardness of 5* to 6, a specific gravity of 3.90, and is brittle. It is 

essentially Ti02; two chemical analyses show that it has 98.36 to 99.75 

percent TiO2 and 0.25 to 1.11 percent Fe203, with one sample having 0.20 

percent Sn02 (Palache, Jarman, and Frondel, 1944, p. 585). 

13 



"Arizonite" 

Although Palache, 'email, and Frondel (1944, p. 773) indicate that 

"arizonite" is F6203.3 Ti02, recent work has shed considerable doubt on 

the existence of such a mineral species. Examination of X—ray photo— 

graphs by Overholt, Vaux and Rodda (1950) showed that, "arizonite is 

an impure mixture of hematite, ilmenite, anatase, and rutile, All of 

the lines in the pattern can be accounted for by these compounds. This 

is sufficient evidence to discredit the mineral." These authors believe 

that the partial destruction of the ilmenite crystal structure by oxida— 

tion results in an excess of ferric iron over that common in ilmenite, 

and produces the mineral assemblage listed above. 

'*6 



3rookite (Ti02) 

3rookite, another polymorph of Ti02, occurs only as orthorhombic 

crystals of varied habit, usually tabular. It is brown to yellowish and 

reddish brown la color, with an uncolored to grayish and yellowish streak, 

metallic adamantine to submetallic luster, eubconchoidal to uneven frac— 

ture, a hardness of 5i to 6, a specific gravity of 4.14, and is brittle. 

It is essentially Ti02, with small amounts of ferric iron apparently sub.. 

ctituting for titanium; the following analyses are from Palache, 3erman, 

and Frondel (1944, p. 591): 



 

      

1 

TiO
2 

98.78 98.59 94.09 

7e203 
1.43 1.41 4.50 

Rea 1.4* 

Total 100.21 100.00 99.99 

4.13 3.83 

1. Magnet Cove, Arkansas.(arkansite) 

2. Snowdon, Wales 

3. Urals. 

Rem. is ignition loss. 



Hematite (Fe2O3) 

Hematite crystallizes in the hexagonal system and occurs as thin to 

thick tabular crystals, or as pseudo—cubic crystals. Commonly it has 

columnar to granular, botryoidal or stalactitic shapes. In ilmenite 

ores it commonly occurs as small intergrowths, less than 1 mm thick, 

with ilmenite. It has a dark steel—gray or iron.black color, a reddish 

brown streak, a metallic to submetallic luster, a hardness of 5 to 6, 

and a specific gravity of 5.26 (Palache, Berman, and Frondel, 1944, p. 

528). It is all ferric oxide, Fe203, with 69.94 percent Ye, and 30.06 

percent 0. Some titanium is usually present, but analyses showing high 

amounts are probably caused by admixed ilmenite. 

17 



Ilmenite (FeTiO )
3 

Ilmenite crystallizes in the hexagonal system and may form tabular 

or rhombobedral crystals, but is more commonly found in compact or granu— 

lar masses or as disseminated grains. It is iron—black, has a black 

streak, metallic to submetallic luster, a basal parting, conchoidal 

fracture, hardness of 5 to 6, a specific gravity of 4.72, is slightly 

magnetic, and shows twinning. Although part of an iron, magnesium, and 

manganese titanium—oxide series (Fe,Mgjin)TiO3, ilmenite contains only 

minor amounts of magnesium and manganese, and not more than 6 percent by 

weight of Fe203 at ordinary temperatures. Higher amounts of Fe203 

shown in some analyses are presumably due to admixed hematite or magne. 

Cite. Table 2, taken from Palache, 3erman, and Frondel (1944, p. 537), 

shows that ordinary ilmenite (crichtonite of some authors) contains 

48.6 to 57,3 percent TiO2 and 24.15 to 45.83 percent Fe0. Excess TiO2 

reported in some analyser may be due to admixed rutile, which is known 

to form intinate mixtures with ilmenite. 

In polished sectionsiilmenite often shows intergrowths and regularly 

arranged exsolution lamallae of hematite, maghemite, magnetite, rutile, 

and epinel. 

Minerals related to ilmenite include geikielite (MgT10 ) and
3 

pyrophanite (MnTiO3)• 

18 



 

Table 2. Selected analyses of ilinenite 

1 2 4 6 

TiO2 52.66 52.37 52.50 51.32 54.20 48.64 50.02 52.42 56.43 48.88 57.29 

Fe203 2.10 2.58 5.57 6.03 6.82 7.16 8.94 1.87 

reo 47.34 45.83 44.32 42.38 42.85 41.76 40.87 40.80 33.91 25.44 24.15 

eaMM. 1004.1me 1.25 0.79 0.88 1.72 2.10 6.26 15.97 

Mn0 1.36 3.37 1.10 0.48 0.22 2.60 1.1C 

Rem 0.06 o.36 1.66 1.08 7.68 0.37 

Total 100.00 99.81 99.03 99.53 99.63 99.61 100.20 100.26 99.60 99.80 100.75 

SP. gr. 4.79 4.755 4.711 4.68 4.751 -- 4.44 4.345 

1. Calculated FeTiO3 

2. Mt. Ruwenzori, 3elgian Congo 

3. Sundsvale, Sweden. Rem. is Ca° 

4. Ambatofotsikely, Madagascar. Rem. is Si024 0016, U308 0.20 

5. Chibinsky Tundra, Siberia 

6. Sasso di Chiesa, Val Malenco, Lombardy. Rem., Si02 C.60, A1203 0.91, K20 0.15 

7. Val Levero, Ossola, Italy. Rem., SiC2 0.76, A1203 0.20, R20 0.120 

8. Perenczfalva, Komitat Irassozariny, Carpathians. 

9. Chibinsky Tundra, Siberia 
10. Pelotas, lrazil. Grains Rem., 5102 5.30, Ca° 2.38 

11. Laytonts Farm, Warwick, I. T. Rem. is SiC2 
From Palache, Lerman, and Frondel, 1944, p. 537. 



Leucoxene 

Palache, 3erman, and Frondel (1944, p. 560) say of leucoxene: 

"A name loosely applied to dull, fine•-grained, yellowish to brown 

alteration products high in titanium. Found as an alteration product 

of sphene, ilmenite, perovskite, titanium magnetite, or other titanium 

minerals. The material consists in most instances of rutile; also, 

less commonly, of anatase..... or sphene." 

Most investigators have found that leucoxene consists either of 

fine..grained rutile or anatase, or mixtures of these with hydrous or 

anhydrous amorphous material. The investigators do not agree, however, 

upon the exact composition of the crystalline material Bor upon the 

relative amount, if any, of amorphous material present. (Allen, 1950; 

3roughton and others, 1950, p. 266; Creits and McVay, 1948, p. 

Hutton, 1950, p. 666-667; 1952, p. 49; Tyler and Marsden, 1938). 30-

cause differences ofepirion exist concerning the precise nature of 

leucoxene„ i►t would seem best to follow the advice given by Allen (1950), 

in his conclusions. Ile says, "leucoxene should be retained as a petro.-

graphic term for the alteration product in which titanic occurs in 

rocks, but it must not be used as a mineral name implying a definite 

mineral species." 

20 



Maghemite (7e203) 

According to Palache, le/man, and Frondel (1544, p. 708) maghemite 

crystallizes in the isometric system, and is related to magnetite and 

the spinal group. It is brown in color, has a brown streak, a hardness 

of 5, and is highly magnetic. In polished sections it is isotropic 

and shows a white to grayish blue color. The specific gravity is not 

given. Some partial analyses follow: 
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1 2 2 4 5 6 

Fe0 8.67 2.40 12.16 7.09 12.03 8.96 

Fe203 89.15 85.3 66.01 71.51 67.7 64.34 

TiO2 1.37 ... 5.34 9.6 7.55 8.54 

Cr203 
OM. OM. 0.35 n.d. tr. tr. 

V203 1..0 ftil..0 0.5 0099 n.d. 0.14 

Rem, 1.19 7.40 .... .... ... ..... 

Alameda County, Calif. (Palache and others, 1944, p. 708). Rem. is 

Si02 1.15, A1203 0.04, Me and Ca0 trace. Mixture of magnetite and 

maghemite. 

2. Iron Mt., Shasta County, Calif. (Palache and others, 1944, p. 708). 

Remis H20 3.1, ineol. 1.80, volatiles 2.5, Ca0 present, 

3-6. Near Pretoria, South Africa (Prankelland trainger, 1941, p. 104). 

Maghemite with included ilmenite lathe. 
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It is generally believed that maghemite forms by the oxidation of 

magnetite, or by dehydration of lepidocrocite. Many analyses are of 

material which has been observed only in polished sections of titaniferous 

magnetite ores. The existence of maghemite in these ores is based prin.-

cipally upon the excess Fe203 that remains after Fe0 has been combined 

with TiO2 to make normative ilmenite. Because the observed material is 

isometric, and because the analyses show excess normative Fe203, it has 

been argued that maghemite is present. 

Strauss (1947) throws considerable doubt on the existence of mmghemite 

in the titaniferous ores of the Bushveld in South Africa. Detailed 

polished section work on these magnetite.ilmenite—maghemite ores led him 

to conclude4 that the grayish—white mineral, usually identified as maghemite, 

is the oldest mineral in the section. Although it is impossible to make 

positive identification of magnetite in the sections some is probably 

present, but would naturally then have to be younger than the grayish"vhite 

mineral. It is therefore doubtful if this grayish-white material is 

maghemite, because maghemite is generally believed to be younger that 

magnetite. Strauss (p. 46) says, "The use of the term tmagbemitet 

for the gray Bushveld ore therefore appears to be unjustifiable..., 

It is possible that the Bushveld tmagnetitet was originally a complex, 

2 2 
variable and unstable compound of the general form (Fe , Mn, Mg, Ti ) 

(F83, Al, Cr, V, Mn, Ti3)204, which under certain conditions broke down 

to the inhomogeneous material now known." 
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Magnetite (FeFe204) 

Magnetite crystallises in the isometric system as octahedral or some» 

times dodecahedral crystals, or may occur in massive, granular, coarse 

or fine aggregates. Its color is black to brownish black and the streak 

is black. It has a parting parallel to the octahedron faces, a metallic 

to semimetallic luster, a hardness of 5i to 64, a specific gravity of 

5.175, and is strongly magnetic. 

Oriented growths of magnetite with other minerals have been observed, 

some of which are as follows. Minerals that are included within magnetite 

include hematite, hercynite(?), ilmenite, and pyrophanite. Magnetite 

occurs as inclusions within hematite, ilmenite, and muscovite. Overgrowths 

of chlcrite, hematite, and rutile have been observed on magnetite. Over-

growths of magnetite have been noted on hematite and olivine. 

The general formula of magnetite is A3204 where A is Mg, Fe2, 

Mn, and less often and 3 is essentially Fe3, with Al, Cr, Mn3, and 

V3 substituting for the Fe3 in comparatively small amounts. Titanian 

magnetite (also called titanomagnetite or titaniferous magnetite) may 

contain as much as 7.5 percent T/02, substituting perhaps for both ferric 

and ferrous iron in the lattice. Most analyses on supposedly high. 

titanium magnetite were obviously made on nonhomogeneous material contain-

ing what was probably considerable eisolved ilmenite (Palache, Berman, 

and Frondel, 1944, p. 702). Analyses of titanian magnetite are given 

in Table 3. 
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Table 3. Analyses of titanium-bearing magnetites J 

Fe203 68.85 68.92 61.71 59.71 54.97 23.98 46.95 61.95 59.01 

file0 30.78 29.32 25.66 22.70 26.69 40.10 2A,56 18.72 16,82 

TiO2 Tr Tr 2.35 5.32 7.57 32.20 5.01 1.31 2.40 

0.21 ...... ....... 0.62 5.64 1.74 15.14 6.57 10.37A-1203 

Mg° Tr ...... Tr 3.24 5.15 0.70 5.83 6.74 9.47 

- ••••••Mn0 Tr 8.20 8.46 -- 0.42 2.103 0 40 

1....SiO2 0.2? 0.59 0.16 0.14 0.10 0.13 1,10 ..... 

....... 0.10 .... - ....-Rem. Tr 1.76 1.44 0.11 

Total 100.11 100.00 99.95 100.21 100.26 99.24 99.75 99.79 100.17 

G 4.913 4.725 4.558 

1. Magnetite, Lover's Pit, Mineville, N. T. Rem. is CaO, trace. 
2. Magnetite, nickeloan, Pregrattan, Tirol, Rem, is NiO, 1.76. 
3. Magnetite, chromian and manganoan, Siberia, Rem, is Cr201 1.42, ignition loss 0.02. 
4, Magnetite, manganoan and titanian. St. Joseph du Lac, Quebec. 

5. Magnetite, titanian. Norway. Rem, is Ca°, 0.10. 
6. Magnetite, titanian(?). Near Vaskapu, Tlungary. 
7. Magnetite, aluminian, Magnet Cove, Ark. Rem is Ca°, 0,11. 
8. Magnetite, magnesian and aluminian. Schelingen, Iaiserstubl, lermany. Average of two analyses, 

9. Magnesioferrite, ferroan, Magnet Cove, Ark. 

From Palache, 3erman, and Frondel, 1944, p. 700-701. 



Perovskite (CaTi01) 

Although perovskite morphologically shows isometric symmetry, detailed 

microscopic and X,,-ratty studies indicate that it may be orthorhombic, or, 

more likely, monoclinic (Palache, lerman, and Frondel, 1944, p. 730). It 

occurs as pseudo—isometric cubes which commonly have irregularly distributed 

faces that are striated parallel to the sides; it occasionally occurs as 

reniform masses showing small cubes. Its color is black, grayish black, 

or reddish brown to yellow; it has a colorless to grayish streak, an 

adamantine to metallic—adkuantine luster, a hardness of 5i, and a specific 

gravity of 4.01 f 0.04. The composition is essential:5r calcium titanium 

oxide (CaTiO3) with various substitutions possible. In dysanalyte, a 

niobium,-rich variety, niobium substitutes for titanium up to the ratio 

of 2 parts of niobium to 5 parts of titanium. In knopite, a cerium— and 

rare earth—rich variety, cerium and other rare earths substitute for cal.. 

cium up to 4 parts of rare earths to 7 parts of calcium. Some analyses 

from Palache and others (1944, p. 732) follow: 
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1 2 2 4 J.. 6 2 

_- ,-- 0.79 n. d. 4.37 TrNa 0 --2 

41.24 40.29 38.35 33.32 11.00 25.6o 21.69Ca0 

-- -- -- -- 0.24 -- TrMg0 

Fe0 -- 0.86 2.07 4.19 1.70 9.22 1.81 

-- -- 4.43 .--(T, 3r)203 -- --

(0e,La)203 -- -- -- 6.81 32.75 2.80 8.80 

SiO2 -- -- -- -- Tr 2.21 Tr 

TiO 58.76 58.63 58.66 54.12 47.59 50.93 39.90 
2 

..... .... -. __ -- 4.86 22.32Nb2o5 
Rem -- -.. 0.59 1.07 0.23 4.93 

Total 100.00 99.78 99.08 99.82 98.78 100.22 99.45 

1. CaTiO3. 

2. St. Ambrogio, Piedmont, Italy. 

3. Oberwiesenthal, Saxony. 

I. Cerian perovskite (knopite). Norrvik, Alno region, Sweden. Rem. 

is K20 0.38, M20 0.21. 

5. Cerian perovskite(?), Siberia. Rem. is Ma 0.84, ign. loss 0.23. 

6. Niobian perovskite (dysanalyte). Vogteburg, Kaiserstuhl, lermany. 

Rem. is Mn0 0.23. 

7. Niobian perovskite. UVa Province, Ceylon, Rem. is Mn0 0.17, Fe203 

4.76. (Ce,La)203 contains Ce 60 percent, La 25 percent, Di 10 

percent. 
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Rutile (TiO )
2 

Rutile crystallizes in the tetragonal system as prismatic, often 

slender to acicular, crystals showing a vertically striated or furrowed 

prism zone. Oeniculated and contact twins of varied habit are common. 

It also occurs as coarse to fine granular massive masses. The color is 

reddish brown, passing into red, although yellowish, bluish, violet, 

black, and rarely grass—green varieties are known. The streak is pale. 

brown to yellowish. Ferrian, niobian, and tantalian varieties are black 

with gray or greenish black streak, and a chromian variety is green to 

black. Rutile has a distinct prismatic cleavage, a metallic adamantine 

luster, conchoidal to uneven fracture, a hardness of 6 to 6i, and a specific 

gravity ranging from 4.23 for essentially pure TiO2 to 5.6 for niobian 

and tantalian varieties. Although it is essentially Ti02, important amounts 

of niobium, tantalum, and ferrous iron are reported. The formula for these 

2 
varieties may be written 7ex )2a Til 3XO2, where x does not exceed(n'Ta 

about 0.2. The significant amount of ferric iron in many analyses 

cates a possible further complication of the rutile formula. Table 4, 

from Palache, Lerman, and Frondel (1944, p. 557), indicates several varie— 

ties of rutile including a ferrian variety with up to about 11 percent 

of ferric iron in substitution(?) for Ti, a tantalian variety with 

tantalum and niobium substituting for titanium, and a niobian variety 

(also called ilmenorutile) with more niobium than tantalum substituting 

for the titanium* 
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Table 4. Analyses of I- :tile 

1 2 2 4 6 Z 8 

TiO 98.96 97.46 91.96 89.49 71.15 45.74 41.20 53.04 54.57
2 

••••••• 1.1111. 1..1.02.62 6.68 11.03Fe203 

INPOOFe0 0.78 ▪ 15.84 8.27 11.38 10.56 12.29 

▪ 6.90 23.48 21.73 32.15Nb205 

Ta 0 10.14 35.96 23.48 14.70
2 5 

SnO 1.40 -- 0.05 2.67 
2 

Rem. 0.54 0.45 1.80 0.70 0.68 Tr 0.11 

Total 100.28 100.08 100.04 100.97 98.98 100.24 100.22 100.03 99.12 

or. 4.264 -- 4.249 4.41 4.91 5.30 5.54- 5.14 4.64 
5.59 

1. Prilepec, Serbia. Rem. is Cr203 0.03, V203 0.13, H2O 0.38. 

2. craves Mt., Georgia. Average of three analyses. 

3. Ferrian rutile, West Cheyenne Canyon, Colo, 0.7 percent quartz deducted, 
4. Ferrian rutile (nigrin), Roman, Javaria. 
5. Tantalian rutile (straverite), Ampangabe% Madagascar. Rem. is A1203 1.80. 
6. Tantalian rutile (striiverite), Perak, Malaya. Rem. is Si02 0.20, Mn0 trace , 1120 0.50. 

Niobian rutile,Oraveggia, Piedmont, Italy. Rem. is Ca0 0.51, Mg0 0.17, Mn0 trace.7. 
Average of two analyses. 

8. Niobian rutile (ilmenorutile). Ilmen Mts., Russia. Rem. is Ca0, 
9. Niobian rutile (ilmenorutile), Ivelaud, Southern Norway. Rem, is CO 0.11, Mg0 trace. 

From Palache, Berman, and Frondel, 1944, p. 557.J 



Sphene (CaTiSi05) 

Sphene crystallizes in the monoclinic system and commonly occurs 

as wedge-shaped or flattened crystals, that may be twinned, or as pris-

matic crystals; sometimes it occurs in massive or compact aggregates. 

It has rather distinct prismatic cleavage, a brown, gray, yellow, green, 

rose-red or black color, a white streak, an adamantive to resinous 

luster, a hardness of 5 to 5.5, and a specific gravity of 3.4 to 3.56. 

Analyses from Dana (1911, p. 714) show that it contains 34.44 to 44.92 

percent Ti02, 22.25 to 29.59 percent CaO, 29.12 to 34.57 percent Si02, 

and none to 7.84 percent Fe2O3, with minor amounts of Fe0, Mg0, MnO, 

or A1203. 
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MINERALOGY OF COMMON TITANIFLROUS AgGRFAATICS 

The naturally occurring titaniferous aggregates consist not of a 

single titanium—bearing mineral but rather of many minerals, including 

gangue, often intergrown with one another. The titanium deposits are 

divided into primary, those found in bedrock; and secondary, those 

derived from the primary deposits by processes of weathering. 

31 



Primary 

The following descriptions of the primary deposits discusses prin— 

cipally the composition and characteristics of the titaniferous minerals, 

whereas the relationship between these minerals and country rock, and 

information on composition and relative amounts of gangue are discussed 

in the section on geology. The titaniferous minerals of the primary 

deposits include: (1) ilmenite—bsaring aggregates that range from almost 

pure ilmenite to mixtures of ilmenite and magnetite; (2) rutile—bearing 

mixtures that may either occur with the ilmenitic ones, or may be entirely 

different; and (3) brookite—bearing deposits. 
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Ilmenite 

The only commercially exploitable body of pure ilmenite occurs at 

the Tadkin Valley deposit, Caldwell County, North Carolina. Polished 

sections of ore examined by Singewald (1913b, p. 85) showed no evidence 

of intergrowths, and indicated that the individual grains averaged less 

than half a millimeter and rarely exceeded 1 mm. Singewald believed 

the deposit was almost pure ilmenite because of the homogeneous charac— 

ter, and because analyses of ore (including gangue) indicated a maximum 

of 41 percent Ti02. 
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Ilmenite-hematite 

Ilmenite-hematite deposits consist of ilmenite with as much as 20 

percent included hematite, and are especially common in many Canadian 

deposits such as Allard Lake, Ivry, and St. Urbain, Quebec. The ore at 

Allard Lake is dense black coarse-grained ilmenite in thick, tabular, 

well-formed crystals that include about 15 to 20 percent hematite. The 

hematite occurs as oriented, discontinuous blades, the larger of which 

may also contaii smaller blades of included ilmenite which in turn contain 

still smaller blades of hematite. Analyses indicate the ore contains 

as much as 36 percent TiO2 (fond, 1949, p. 120; 1952, p. 644). 

The ore of St. Urbain is massive black crystalline aggregates of 

ilmenite that average anf eighth to a quarter of an inch in diameter, 

and contain about 20 percent hematite as intergrown lamellae about 0.2 

mm wide. These hematite lamellae are essentially parallel within a given 

ilmenite grain, and their length greatly exceeds their width. Minor 

fluctuations in width generally occur along their length, end they 

commonly taper abruptly at the ends. The presence of smaller parallel 

lamellae between the larger ones gives the ore an appearance similar to 

the perthitic structure of perthite feldspar (Gillson, 1932, p. 565-

.566; Mawdsley, 1927, p. 45; Warren, 1918, p, 433-434). 
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Iluenitemagnetite 

The most common ilmenite-bearing assemblages contain magnetite. 

These vary from coarse-grained aggregates of essentially homogeneous il-

menite and magnetite with little or no gangue, to aggregates of finely 

irtergrown limonite and magnetite with large amounts of gangue. Such 

a large number of gradations exist between these two extremes that only 

some of the more common ilmenite-magnetite mixtures will be described below. 

Some of the occurrences at Lake Sanford, N. T., are characteristic 

of the better, coarse-grained ilmenite- and magnetite-bearing deposits. 

The individual grains of ilmenite and magnetite at the National Lead 

Company deposit average 1 to 3 mm in diameter, and commonly the sub-

hedral ilmenite is embayed by anhedral magnetite. Intergrowths are 

apparently rare within ilmenite, but small intergrowths of ilmenite 

within magnetite are common, especially in the ores within anorthosite. 

These intergrowths in magnetite occur as small discontinuous plates and 

small "flecklike intergrowths" of ilmenitei both parallel to the octa, 

hedral lanes of the magnetite, and as small irregular concentrations 

of ilmenite between magnetite grains (Stephenson, 1948, p. 412-416). 

Calculations based on Stephenson's observations of polished sections 

indicate an average of 46.7 percent magnetite and 39.8 percent ilmenite. 

Analyses of this rich ore show 20.7 to 24.7 percent TiO2 and 46.6 to 

53.4 percent Pe (3alaley, 1943, p. 115). 
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Ilmenite—magnetite deposits characterized by numerous inclusions of 

ilmenite within magnetite are more common than the occurrences described 

above. Coarse intergrowths of ilmenite within magnetite are found in 

material from the Tuscarora mine, Guilford County, North Carolina. Ac— 

cording to Singewalc (1913b, p. 88) ilmenite grains comprise one—fifth 

to two—fifths of a polished section, and range in size from 0.2 mm to 2.0 

mm. Magnetite grains are evidently larger (Singewald does not state their 

size) and contain coarse, plate—like intergrowths of ilmenite that are 

spaced 0.2 to 0.5 mm apart, average 0.1 mm in width and 2 mm in length, 

and attain a maximum length of 4 mm. 

Variations in the size and type of inclusions are typical of titaniferous 

material from Iron Mountain, Wyoming and Lake and Cook Counties, Minnesota. 

The Minnesota deposits contain variable amounts of ilmenite and magnetite, 

end have may kinds of ilmenite inclusions within the magnetite. The 

smallest inclusions of ilmenite within magnetite are submicroscopic and 

merely give polished surfaces of magnetite "a dull—gray mottled effect to 

a bright iridescent effect." The size of these inclusions also ranges up 

to coarse networks of ilmenite laths within magnetite, that have a maximum 

length of 2 to 3 mm (Singewald, 1913b, p. 109). At Iron Mountain, Wyoming, 

the number of intergrowths is evidently proportional to the amount of 

gangue. The rich "ores" have very few intergrowths, hut the leantres" 

are characterized by numerous inclusions within magnetite. Spinel forms 

"dot•-like" inclusions, and ilmenite forms a minute network of lamellae that 

are visible only under high magnification and are parallel to the octae. 

hedral planes of the magnetite (Warren, 1918, p. 429-430). Newhouse and 

Hagner (1951, p. 13) also claim that, "the ilmenite lamellae range in size 
from those observable only under high magnification to others which can 
be seen with the nAked Aye." 
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The most minute and largest number of ilmenite inclusions is found 

in deposits such as Iron Mine Hill, Rhode Island, and Taberg, Sweden. 

The following description of the ilmenite and magnetite in the Rhode 

Island deposit is essentially a paraphrasing of Singewaldis description 

(Singewald, 1913b, p. 45-46). Polished and etched ilmenite-magnetite 

surfaces have individual grains of ilmenite that form "only a small per-

centage of the ore" and rarely have a maximum dimension of 2 mm. The 

greater part of the "ore" at a dull-black background on which a reticulate 

structure of ilmenite in magnetite is developed. This structure is "marked 

by the minuteness of the lines and the closeness with which they are 

crowded." They range in fineness from sizes that are not resolvable 

with a magnification of 60 times, to lines which have a maximum length of 

0.15 mm. 

Warren (1918, p. 432-433) indicates, however, that the ilmenite and 

magnetite form a mesh-like matrix surrounding the silicate minerals. 

No recognizes two kinds of inclusions within the magnetite: (1) a coarse-

grained intergrowth of a silicate mineral, probably spinal, parallel to 

the octahedral planes, and (2) a very fine-grained intergrowth of limonite, 

that is also essentially parallel to the octahedral planes. This inter-

growth is much finer than anything shown by Singewald. 
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The titaniferous material at Taberg, Sweden (Hjelmqvist, 1949, 

p. 1920) consists solely of 0.2 to 1 mm grains of titano—magnetite, with 

lamellar intergrowthe of magnesium—spinel and limonite. The spinal laths) 

which have a maximum length of 0.2 mm and a width of 2 microns, are gen— 

erally parallel to the cubic faces of the magnetite. The ilmenite 

lamellae are parallel to the octahedral faces of the magnetite and are 

generally only 0.01 to 0.05 mm long and 0.1 to 0.2 microns thick. Chemical 

analysis of the titan-magnetite showed itccntained 15.3 percent Ti02, 

36.7 percent Fe0, and 32.4 percent Fe203, in addition to 6.2 percent 

A1203 and 4.4 percent MgO. 

An ilmenito-magnetite occurrence with minor amounts of hematite is 

found in the Egersund region of Norway. limonite and magnetite, which 

both occur as grains 3 to 5 mm in diameter, contain inclusions of albite 

end spinet. In addition, the ilmenite contains small needles of hematite, 

0.02 to 0.03 mm long, and one micron thick. One sample had 23.8 percent 

Ti02, 36.6 percent Fe0, and 36,C percent Fe203 (Evrard, 1944, p. 1117). 
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Ilmenite-magnetite-maghemite 

Deposits of ilmenite, magnetite, and maghemite, with minor amounts 

of other iron-ibearing minerals are common in the lushveld complex of 

South Africa. The mineral assemblages are apparently similar to the 

ilmenite-magnetita aggregates described above, except for the presence 

of the maghemite and minor amounts of hematite. Unfortunately there is 

not always general agreement on the exact composition of the assemblages. 

Some observers indicate that the Bushveld "ore" is largely ilmenite and 

maghemite with very little magnetite (Schwellnus and Willemse, 1944), 

whereas others claim that both magnetite and maghemite are present 

(Frankaland Grainger, 1941; Wagner, 1928). It is conceivable that these 

differences are due to variance in material, but it is also possible that 

microscopic examination is open to various interpretations. In fact, 

Strauss (1947) believes that the existence of a mineral "maghemite" in 

the South Africa "ores" is extremely doubtful (see p.:ti , maghemite). 

According to Wagner the common "ores" contain ilmenite grains up to 

26 mm in diameter and averaging 3.5 to 9 mm, imbedded in a matrix of 

interlocking dark grains of magnetite partly altered to maghemite. 

Other material contains grains of ilmenite and maghemite, and shows that 

the maghemite may be much broken by cleavage and irregular cracks, and 

may even contain laths of limonite* 
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Frankel and Grainger (1941) in a detailed study found two types of 

"ore": (1) "ore" of equigranular polygonal grains that average 3 mm in 

diameter and fit closely together with very little intergranular material, 

and (2) "ore" with grains of greater than average size that hate xo ivell-

acfiLed boundaries between them, but contain interstitial material that is 

principally ilmenite and hydrated iron oxides. The ilmenite occurs (1) 

in the interstitial material as separate, latirshaped particles that are 

88 much as 5 to 6 mm long aad 1 mm wide, (2) as individual grains, 

occasionAlly twinned, that are as much as 5 by 13 mm in a section, and 

(3) as inclusions within magnetite and maghemite, that average 5 microns 

in width and 18 microns in length. 

These titaniferous deposits and similar ones from Siaghbhum, India 

(Dunn and Dey, 1937) supposedly contain the mineral coulsonite, a vanadian 

magnetite or vanadian maghemite. The existence of this mineral was 

supposedly confirmed by some workers (Frankel and Grainger, 1941, 1;. 105.-

106) although they feel it might be a vanadium-rich variety of maghemite, 

rather than the separate mineral species proposed by Dunn and Dey (1937, 

p. 131). Strauss, on the other hand, could find no evidence for the existence 

of either "coulsonite." o.-7.• a vanadium-rich variety of magnetite or maghemite, 

because his homogeneous "ores" had the same vanadium content as ones which 

contained more than one type of material. He did not, however, rule out 

the possibility of coulsonite in other ores (Strauss, 1947, p. 45). 

Analyses of ilmenite-magnetite-maghemite "ore" from South Africa show 

from 11.68 percent Ti02, 12.62 percent Fe0, and 62.25 percent Fe203 (Frankel 

and Grainger, 1941, p. 101) to 24.09 percent TiO, 14.37 percent Fe0, and 

55.16 percent Fe203 (Schwellnus and Willemse, 1944, Table 1). 
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Magnetite 

Many magnetites containing appreciable amounts of titanium may not 

contain ilmenite inclusions, since the titanium substitutes for atoms 

in the magnetite. Analyses of homogeneous magnetite show as much as 

7.5 percent TiO2 (Palache, Berman, and Frondel, 1944, p. 702). 
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Nelsonite 

According to Watson and Taber (1913, p. 101-102), nelsonite is 

usually a holocrystalline rock of ilmenite or rutile, or both, accom-

panied by apatite and occasionally magnetite or subordinate silicate 

minerals, Individual nelsonite bodies have an average grain diameter of 

1 to 3 mm, show a remarkable uniformity of granularity, and have very 

little change in composition from wall to wall. In addition to the common 

hard (ilmenite) nelsonite composed dominantly of ilmenite and apatite with 

only minor amounts of accessory minerals, there are varieties rich in 

other minerals, such as rutile nelsonite, magnetite and biotite nelsonite, 

hornblende nelsonite, and gabbro nelsonite (Watson and Taber, 1913, p. 

100-155). Some of the leaner varieties consist mainly of hornblende, 

albite, and quartz, with only minor amounts of ilmenite and apatite 

(Ross, 1941, p. 8). Titanium content of nelsonite ranges from 10 percent 

TiO2 in gabbro nelsonite to 69.7 percent in rutile nelsonite (Watson 

and Taber, 1913, p. 120, 140). 
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Chromium and vanadium in ilmenitic aggregates. 

Mineral assemblages containing ilmenite and magnetite generally carry 

appreciable amounts of vanadium and chromium, In anorthosite—gabbro com— 

plexes the magnetite apparently has more of the vanadium and chromium 

associated with It than does the ilmenite. Detailed mineralogical work 

on magnetite and ilmenite indicates that substitution of chromium and 

vanadium is more possible within the magnetite internal structure than 

within that of ilmenite. Schwellnus and Willemse (1944), in a detailed 

study of the mineralogical and chemical changes occurring throughout a 

section of the Bushveld igneous complex, found that the titanium content 

of the ore increases upwards in the section, whereas the vanadium content 

decreases. The vanadium content ranges from 1.5 percent 7235 in the lower 

"ore" bands to nil in the upper bands, whereas the titanium ranges from 

approximately 8 percent in the lower portions to 24 percent TiO2 near the 

top. This led them to conclude (p. 34) that the vanadium is contained 

in the magnetite (or maghemite) and not the ilmenite. These conclusions 

were supported by data from concentration tests which showed that vanadium 

was more abundant in magnetic concentrates (ones containing much magnetite) 

than in non.-magnetic concentrates (ones containing much ilmenite). 
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In a study of the ilmenite—magnetite ores associated with anorthosites 

and gabbros at Lake Sanford, N. T., Balsley (194 found a relationship 

between the grade of the ore and the content of vanadium in concentrates 

from this ore. The ore used in these tests contained from 0.12 to 0.52 

percent V205. Beasley found that magnetic concentrates from lean ore 

(greater than 25 percent silicates) contained more vanadium for a given 

weight of magnetite than did concentrates from rich ore, He also found 

that the vanadium to titanium ratio is greater in concentrates from the 

lean ores than those from the rich ores. Unfortunately he does not give 

the mineralogical composition of the magnetic and non—magnetic concen— 

trates, nor any chemical analyses of the non...magnetic concentrates. A 

study of his Table 3, however, shows that in the ore (both rich and lean) 

the average ratio of Ti02:V205 is 72.5, whereas the magnetic concentrates 

from this show a ratio of Ti02:V205 of 16.9. This indicates that vanadium 

is more concentrated in the magnetic concentrate, or in other words, 

occurs with the magnetite in the ore. 
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Chromium is also a common minor constituent of ilmenite—magnetite 

aggregates, and probably occurs within the magnetite lattice. The 

titaniferous iron ',ores" of the Bushveld complex of South Africa show a 

variance in the chromium content across the section, varying from a 

maximum content near the base to a minimum near the top; total variance 

was from 0.02 to 1.00 percent Or203. These observations led Schwellnua 
/and Willemse 
(1944, p. 34) to conclude that the chromium, like the vanadium, is 

associated with the magnetite or maghemite. The titaniferous magnetites 

of North Carolina are associated with talc and serpentines (dived from 

metamorphism of dunites and gabbros) and contain 0.34 to 1.19 percent 

Cr203. The magnetic portion is usually relatively richer in chromium 

than the nonmagnetic portion of the ores, and consequently the chromium 

is believed associated with the madnetite (Bayley, 1923a, r. 250, 260), 

The ilmenite—magnetite portIoLs of the Duluth, Minnesoto. gabbro contain 

up to 2.4 percent Cr203 (Singewald, 1913b, p. 108); old analyses of 

titaniferous iron deposits In anorthositic rocks of Quebec, Canada, show 

from 0.07 to 0.32 percent Cr203 (Robinson, 1922, p. 35). 
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Rutile 

Rutile may occur either in ilmenitic deposits, or in deposits of an 

entirely different geologic nature. Two well-known areas that contain 

deposits with both rutile and ilmenite are St. Urbain, Quebec, and Am-

herst Find Nelson Counties, Virginia. At St. Urbain, rutile occurs only 

in the General ilectric deposit, where it is disseminated as streaks and 

bands within the ilmenite-hematite portions. The rutile occurs as in. 

dividual crystal grains or clusters that show good cleavage but are rarely 

twinned. It ranges in sise from "mere specks up to grains having a 

diameter of 3.5 mm, the average being about 0.6 mm." (Watson and Taber, 

1513, p. 32). The average content of rutile is approximately 6 percent, 

although some portions contain as much as 20 percent. Partial analyses 

of this “ore" show 41.6 to 53.4 percent Ti02, and 28.5 to 34.8 percent 

iron (Robinson, 1922, p. 43). 

Some of the nelsonite of Amherst and Nelson Counties in Virginia 

is rich in rutile, and consequently was an ore of rutile. The rutile 

nelsonite is similar to other nelsonites (see p.'4 ), and consists most. 

ly of rutile, with minor amounts of ilmenite, apatite, magnetite, and sub. 

ordinate silicate minerals. Ross (1941, p. 9) states that most of the 

rutile nelsonite is massive, has grains of rutile and apatite averaging 

1 to 2 mm in diameter, and contains 75 to 80 percent rutile in the 

richest portions. 
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Another type of rutile deposit in the Amherst and Nelson County 

region consists of about 4 to 5 percent rutile disseminated throughout 

granulated anorthosite. The individual rutile grains rarely show 

crystal faces, are irregular or roughly rounded in outline, end range 

from less than 1 mm to 10 mm in diameter (Ross, 1941, p. 13). 

A well-know, apparently commercial deposit of rutile is at 

Krager8, Norway, where masses of rutile comprise 5 to 10 percent of 

quartz and aplite dikes. In the aplitic dikes the rutile occurs as dark 

brown to gray grains that are 0.5 to 2 mm in diameter, show good 

cleavage and twinning, have irregular fractures, and in places are 

altered to leucoxene at their borders (Watson and Taber, 19)3, p. 38,-39). 

In the Magnet Cove region of Arkansas, rutile is confined to feldspar— 

carbonate veins, The rutile occurs as single acicular crystals averaging 

0.1 mm in diameter, as nests et these crystals, as compact acicular rutile 

masses ranging from less than 0.1 mm up to I mm in diameter, and as 

granulsx rutile veins and veinlets from 0.1 am to 5 cm wide (Fryklund 

and Holbrook, 1950, p. 26-27). About 15 to 20 percent of the rutile 

has been altered to leucoxenes 

47 



Yrookite 

The only possible commercial source of brookite occurs at Magnet Cove, 

Arkansas, where eubhedral crystals of brookite occur within quartz masses. 

These crystals generally average less than 0.5 mm in diameter, although 

a few reach a maximum of 6 to 7 mm in diameter and over one centimeter 

in length (Fryklund and Molbrook, 1950, p. 62). 
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Secondary 

Secondary deposits are derived from primary titanium—bearing rocks, 

by processes of weathering, and frequently contain more titanium than 

the parent rock. 

Titaniferous minerals in sand deposits 

Sand commonly consists of more than 90 percent combined quartz and 

feldspar, and less than 10 percent of heavier minerals. The heavy min.-

erals in sand are often concentrated into pockets and lenses, and may 

include emphibeles, cassiterite, chromite, epidote, garnet, hematite, 

ilmenite, leucoxene, magnetite, monazite, rutile, ephene, steurolite, 

zircon, and others. Some sands are mined for those minerals in which 

they are particularly rich, such as the cassiterite--bearing sands of 

Malaya, the chromite sands of the Oregon coast, the monazite, sands of 

Ceylon, and the rutile sands of Australia. 

In sands the common minerals of titanium are ilmenite, rutile, end 

their alteration products such as anatase and leucoxene. Typical de— 

posits contain distinctly rounded and abraded grains of heavy minerals 

in amounts between 4 and 90 percent. Titanium minerals often comprise 

as much as 75 percent of the heavies in India (iiswanathan, 1951). 
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The mineralogy of the individual deposits is subject to co;isiderable 

confusion due to the lack of detailed investigation of the titanium—bearing 

minerals. In commercial practice, iron—bearing titanium minerals of 

sand are usually grouped under "ilmenite", even though other minerals 

may be present. Sands with unusually high titanium content are often 

described in the literature as containing "arisonite", although it is 

now telieved that a separate mineral "arizonite" does not exist (see potii ). 

It is probable that any sand which can be concentrated to s. product 

containing between 55 and 70 percent TiO is a mixture of ilmenite„2 

leucoxene, rutile, anatase, and various iron oxides rather than being 

solely narizonite". 

Sand with a high titanium content generally contains much rutile, 

whereas that with a lower titanium content may contain much unaltered 

ilmenite. 

Buried deposits of beach sands have essentially the same mineral 

composition as the present beaches. In the Trail Ridge deposits of 

Florida, however, the heavy sand above the water table contains a greater 

proportion of leucoxene than that below it. Microscopic and X—ray 

investigations have further shown that the so—called leucoxene is a mass 

of submicroscopic rutile crystals formed by the alteration of ilmonite. 

Cannon (1950, p. 209.-210) says that "the alteration, which is essentially 

a loss of iron oxides, takes place molecule by molecule throughout the 

series from true ilmenite to pure ieucoxene...." 
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Titeniferous minerals in residual deposits 

The titanium minerals of residual deposits are resistant to chemical 

weathering, and may include ilmenite, rutile, brookite, and leucoxene. 

The minerals may be imbedded in a loose, porous, friable aggregate of 

weathered bedrock material, or they may be included within blocks of re-

sistant material such as quartz. 

Clay.--Clays derived from basalt and other basic rocks contain grains 

of ilmenite in addition to the common clay minerals. The latter includes 

various hydrous aluminum silicates such as montmorillonite, kaolin, and 

halloysite, in addition to hydrated iron oxides and colloidal material. 

Although the primary rock may have contained iutergrown ilmenite and 

magnetite, often only ilmenite occurs in the clays, after most of the 

rptnetite is converted to hydrous oxides by the weathering action. Wen 

the limonite may to partly altered to leucoxene, or mixed titanium and 

iron oxides. The lack of petrographic dots. on the occurrence of ilmenite 

in clay deposits makes it difficult to give information on composition, 

or grain-size of the titanium-bearing minerals in the deposits, 
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Bauxite.--3auxite, a highly altered rock containing large amounts 

of aluminum hydroxides, results from the tropical weathering of aluminouz 

rocks such as nepheline syenite. Although reports on bauxite indicate 

that ilmenite is one of the few minerals remaining from the parent rock, 

it is probably not pure ilmenite, but may show some partial alteration to 

leucoxene and other titaniaf-bearing products. Commercial bauxite in 

Arkansas averages 2.12 percent TiO2 , precent as the mineral ilmenite 

(Calhoun, 1950, p. 5)0 
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TerMinology 

Artioi* describing titaniferous ores frequently use poor or incor-

rect terminology. Much of the confusion in nomenclature arises because 

the presence of the finoained intergrowths between ilmenite and iron 

oxides makes it impossible to determine if more than one mineral is 

present unless the ores are examined in polished section. Chemical analyses 

of this intergrown material naturally give ratios for titanium and iron 

that do not correspon-dto any pure mineral. An investigator who is con!» 

fronted with these unusual chemical analyses, and is unaware that more 

than one mineral is present, may erroneously identify the ore as a single 

mineral such as Ifilmenite", "titaniferous magnetite, ullmenorutilen„ 

or "titanomagnetite". This false identification greatly complicates the 

nomenclature of the titaniferous ores by the introduction of terms that 

are meaningless as concerns the exact physical and chemical composition 

of an ore. 

The name, , arisonite, ilmenite, and leucoxene are often loosely 

used in descriptions of the mineralogy of sand deposits. Chemical analyses 

are not sufficient to determine the mineralogical constituents of titanium,» 

boaring sand, when numerous alteration products of titanium are present; 

complete chemical, petrographic, and frequently X-ray data are essential 

to determine exact composition in these eases. For these reasons the 

reader must be careful in accepting data on the amounts and kinds of 

titanium-bearing minerals in secondary deposits, unless the author gives 

chemical, petrographic, and preferably also X--ray data to support his 

Identifications. 
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In this report, the mineralogical terms used in descriptions of 

individual deposits are taken from the report concerning the area, un— 

less it is obvious from the original report that an error in nomenclature 

has been made, The reader must realize that terms such as "ilmenorutile" 

may refer not to niobian—tantalian rutile, but to a mizture of rutile 

and ilinenite, or that ntitauomagnetitew may not refer t.1 titanian magnetite, 

but to /lam/to—magnetite intergrowths. 
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Uses and beneficiation 

In the United States the total consumption of ilmenite, the principal 

raw material for most titanium products, was 713,363 short tons in 1951, 

and 682,850 short tons in 1952. According to Mineral Market Reports 

No. 2179, Titaalum in 1952, 98.2 percent of the ilmenite consumed in the 

United States in 1952, and 98.6 percent of it consumed in 1951, was used 

for the production of manufactured titanium dioxiae. This product, used 

mostly in paint pigments, is also used in papers, plastics, inks, or in 

other products where its whiteness, opacity, brightness, and chemical 

inactivity make it most valuable. With the exception of less than a 

thousand tons in 1951 and 1952, the remainder of the ilmenite was used 

in the production of titanium alloys and carbide. 

Rutile consumption in the United States during 1951 was 17,227 

short tons, and in 1952 was 18,317 short tons, of which 67.6 percent in 

1951 and 62.2 percent in 1952 was used in the manufacture of welding rod 

coatings. The welding rod industry has discovered that neither anatase 

nor brookite (polymorphs of Ti02) can be used as substitutes for rutile. 

Although no figures are available on consumption, most, if not all, of the 

titanium metal plants hare bees using rutile as the titani= ore. 

The titanium industry at present uses ores which can be beneficiated 

to 44 to 59 percent TIC as ilmenite concentrates, and to 93 to 94 percent
2 

TiO
2 as rutile concentrates. Quebec Iron and Titanium Corporation, how— 

ever, use: ore analyzing 36 percent TiO2 and 42 percent iron which they 

charge directly into electric furnaces for the production of a slag 

analyzing 70 percent TiO2 and "non.dspecificatione steel. 
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The beneficiation of titanium ores is affected by the size of the 

titanium-bearing grains, the nwober and size of the ilmenite-iron ore 

intergrowths, and the titanium content of the titanium bearing minerals. 

The ores most amenable to ore dressing have distinct grains of ilmenite, 

preferably at least one millimeter in diameter and free of inclusions. 

The nuMber of these grains and the amount of titanium in them must be 

enough to yield a concentrate with at least the minimum titanium content 

required by Industry and with sufficient recovery to make the operation 

profitable. Some ores are not amenable to ore dressing because: (1) 

the titanium minerals are extremely fine grained, as in some leucoxene.-

bearing ores; (2) the titanium minerals occur as small intergrowths within 

non-titaniferougt minerals; or (3) the titanium is in the lattice of a 

usually nonr-titaniferous mineral, 
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A problem often overlooked in titaniferous oret-: is the change in 

physical character and titanium content of the ore which takes place 

with a change in the amount of gangue. Changes in the physical character 

of the ore occur at Lake Sanford, New York where the most abundant metallic 

mineral in massive ore (free from silicates) is magnetite, whereas in lean 

ore it is ilmenite (Balsley, 1943, p. 114-116). Nonetheless, the higher 

content of ilmenite in lean ores does not necessarily imply that these 

ores are the bettor source of ilmenite, for experiments have demonstrated 

that the greatest recovery of ilmenite is from ores which are compara-

tively rich and contain roughly 10 to 30 percent silicate minerals. This 

is possibly due to larger size of ilmenite grains and fewer inclusions 

within magnetite in these richer ores. A correlation between grain oize 

of ore and amount of silicates in the nearby Cheney Pond ore is shown by 

Singewald (1913b, p. 64), who says: "In the higher grade ores, ilmenite 

and magnetite grains attain dimensions of 4 mm; in the leaner ores they 

scarcely reach 2 mm and average considerably less," In the Laramie Range 

of Wyoming, the silicate-free massive ores contain distinct grains of 

pure magnetite and limonite, with the magnetite generally in larger grains. 

Ores with more than 5 percent silicates also contain distinct ilmenite and 

magnetite grains; however, the magnetite contains abundant exsolution 

lamellae of ilmenite, ranging ilia size from those observable only under 

high magnification to others which can be seen with the naked eye." 

(Newhouse and Magner, 1951, p. 13-14). 
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Variations in chemical composition of Oft minerals often acco►npany 

a change in the grade of ore. Although this phenomenon has been noticed 

in a few cases, it is often overlooked because adequate chemical analyses 

are lacking. Newhouse and Hagner (1951, p. 14) suggest that ilmenite 

in ore accompanied by high volumes of silicates "contains a higher per— 

cent of iron relative to titanium .8.. than it does in the massive ore." 

Study of ore at Lake Sanford, New Tork chows that the non—magnetic con— 

centrate of rich ore contains 12 to 14.5 percent TiO2, whereas that from 

lean ore has only 7 to 12 percent TiO2 (Balsley, 1943, p. ii'). 

These important physical and chemical variations of ore in a deposit 

must be recognized during the development of a deposit. The variations 

in chemical and physical properties of titaniferous ores make it inad.. 

visable to prepare a plan for ore treatment without adequate and complete 

sampling. 
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GZOLOGY OF TITANIUM DIPOSITS 

Primary 

Deposits containing ilmenite and iron oxides 

The majority of titanium-bearing primary deposits contain ilmenite, 

or ilmenite and iron oxides in various physical and chemical combinations. 

The types of deposits in which these occur can be divided into the 

anorthositic complexes, the nelsonite deposits, the layered norite com-

plexes, the gabbroic and basic bodies, and the minor bodies of question-

able associations. 

Anorthositic complexes.--Ilmenite»bearine bodies are commonly found 

near the margins of anorthosite massifs, in association with both the 

anorthositic and gabbroic facies. The character of the country rock, 

the shapes of the deposits, the mineralogy, and the relationship of the 

flinerals to the country rock may vary widely even in one area. Further 

complications are introduced by investigatorst lack of agreement on the 

characteristics of a given deposit.. 4-7 



The anorthosite is usually a light— to dark—gray rock containing 

a predominance of plagioclase feldspar generally ranging from endesine 

to calcic labradorite. Often blue or gray plagioclase phenocrysts at 

least 5 inches long are imtedded in a white to greenish fine—grained 

feldspar ground mass of essentially the same composition. Ferromagnesian 

silicates, such as pyroxene, hornblende, garnet, and bictite, usually 

comprise less than 10 percent of the rock. In some places the rock has 

undergone considerable crushing and granulation, and in others a poorly 

developed platy structure produced by parallelism of tabular feldspar 

phenocryste is apparent. The ga:obroic phases, which are not always 

present, occur as lenses or pods within anorthosite. Typically the gatbro 

may be a dark colored, fine—grained rock of plagioclase feldspar and 

pyroxene (hypersthene and augite), with subordinate hornblende, biotite, 

and barnet, and accessory magnetite, ilmenite, rutile, scapolite, mad 

apatite. Banding occurs in some deposits with alternating layers of 

feldspars and dark minerals parallel to the lens walls. The gabbro may 

either have sharp contacts with the anorthosit• or it may grade into the 

anorthosite by a gradual decrease in ferric minerals. At Lake Sanford, 

New York, the gabbro contains 35 to 75 percent mafic minerals and less 

than 15 percent plagioclase (Stephenson. 1949, p• 403), 
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The titanium—bearing bodies within anorthosite or gabbro are com 

monly lenses, and less often irregular WADS, cakes or large irregular 

masses. The leAticular deposits show a. wide range in size. Small bodies, 

such as those near Seven Islands, Quebec, measure on the outcrop 15 by 

80 feet (Faessler and Schwartz, 1941, p. 722) whereas large lenses, such 

as those near Lake Sanford, New "fork, are over 1,COO feet long and have 

widths and depths in the hundreds of feet (2alslzy, 1943. p. 119-120). 

The largest of the irregular shaped bodies is the Allard Lake, Quebec 

deposit which is 3,600 feet long, 3,400 feet wide, and at least 300 feet 

thick (Hammond, 1949, p. 119), 

The deposits range from masses of pure 'lore', with no silicates, 

to grains of titanium minerals irregularly disseminated throlielout sili— 

cates. The titaniferous portions range from aggregates of ilmenite with 

about only 15 percent of intergrown hematite, tc ilmenitememagnetite boaes 

with more magnetite than ilmenite; silicates in the gangue are usually 

plagioclase and the ferromagnesian minerals. Most of the lenses within 

anorthosite, and a few within gabbro have sharp contacts with the enclosing 

host rock, whereas moat of tne in gabbro simply grade into the country 

rock by a change in amount of titaniferous minerals. The dike and vein 

bodies often cut across the regional layering, and have sharp contacts 

with the wall rocks, 
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The relationship of the bodies to structural features is often not 

considered, or in some cases is not clear. At St. Urbain, Quebec, 

Gillson (1932) claims the deposits are related to shear zones within 

the anorthosite and have a definite trend, whereas both Robinson 

(1922, p. 47) and Mawdsley (1927, P. 47) claim that the noreAn occur 

raLComly throughou6 massive anorthosite. Newhouse and Hagner (1951, 

p. 6-'9) found at Iron Mountain, Wyoming complete dependence of the 

"ores body locations upon the structure of the enclosing anorthositee 
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Layered norite complexes.--Ilmenite and iron oxides are found in 

certain portion:; of layered, basic rock complexes in the Transvaal 

Province of the Union of South Africa and at Freetown, Sierra Leone. 

The Jashveld igneous complex in the Transvaal is a large saucer.-shaped 

body of banded igneous rocks ranging in composition from bronzitites 

at the base to granites near the top. The titanium—bearing portions of 

the complex occur within the Norite Zone, a 15,000 foot thick section that 

contains norite with locally Llterbedded "ore" beds, and that may be 

subdivided into two parts; (1) the bottom third, the Critical Zone, 

contains the chromite layers, and has as its upper limit the platinum 

horizons (Merensky Reef); (2) the Main Zone occupies the remainder of the 

Norite Zone, and at the top 1.8 in contact with either granite or inter— 

bedded quartzite and felsite. The titaniferous layers are in the -apper 

third of the Main Zone, only a few thousand feet below the base of the 

granite, and are interbedded with a "spotted, medium grained norite" 

accompanied by considerable anorthosite. The "spotted norite" is an 

allotriomorphic granular rock composed essentially of labradorite and 

diallage ... accompanied by bronsite, which, however, is usually present 

in quite subordinate amounts. Accessory constituents include green 

hornblende, deep brown biotite, magnetite, pyrrhotit, and apatite" 

(Wagner, 1928, p. 23). The anorthosites are essentially interlocking 

anhadra of calcic labradorite or bytownite accompanied by minor nonage 

and the same accessory minerals as the norite. 
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The bodies of maghemite, magnetite, hematite, and iimenite are 

sheets, or short stout lenses which ranee in thickness from 1 to 20 

feet, and in length from a few feet to at least 10 miles (Wagner, 1928, 

p. 23). The bodies are conformably interlayered with the rocks of the 

complex, and dip from 5 to 30 degrees towards the center. These layers 

occupy two distinct horizons within the norite, one above the other and 

separated by approximately 1,400 fact of norite. The contact between the 

titaaium—iron bodies and the norite or anorthoeite is usually sharp, al— 

though in places there is a gradation from norite or anorthosite, through 

norite with scattered blebs of ilmenite and magnetite, to labradorite— 

magnetite—ilmenite rook with equal proportions of opaque and non—cpaquee, 

and finally to masses of pure "ore". 

The norite complex at Freetown, Sierra Leone, is in general features 

similar to the 3usbve1d. The Freetown lopolith is essentially an olivine 

gabbro (including olivine norite and troctolite) with gabbros and noritee 

next in importance. Anorthosite and anorthositic gabbro are the least 

common rocks, aad periaotites comprise only a small volume (Juuner, 1930, 

P. 421). "The lower part of the exposed portion of the intrusion consists 

mainly of banded olivine—rich troctolite with a layer not far from the 

base of anorthosite and anorthositic gabbro" (Junner, 1930. p.42). The 

titaniferous bodies are usually associated with the anorthositic rocks. 

and form bands and lances which are conformable with the banding of the 

country rock. In a few places the opaque minerals occur as 7 to 15 foot 

thick layers in the banded trootolites of the lower portion of the complex. 

The "ore is massive ilmenite and titanomagnetite, magnetite—dunite, and 

magnetite—rich troctolite, 
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4abbroic and basic complexes.--Many dcposits of ilmenite—tearing rock 

are assoeated with gabb7-os and other ferromagnesian rocks of varied con.-

position and shape that generally do not exhibit the well—banded structure 

so characteristic of the Bushveld and Freetown oomplexec. The Duluth 

gabbro, one of the host rocks for ilmenite, contains magnetite—rich gabbro, 

oli ,rine gabbro with subordinate feldspar, olivine gabbro with feldspar, 

normal olivine free gabbro and anorthcsite (Singewald, 1913b, p. 94). 

Other bodies may be mostly pyroxenite (Caribou Kill, Colo.), hornblende 

gabbro (Rainy River, Ontario), olivine norite (Taberg, Sweden), nnd 

gabbro (Iron Mine Kill, Rhode Island). In North Carollna the basic 

country rocks are talc, serpentine, chlorite, and hornblende—bearing 

schists which were formed by the metamorphism of olivine gabbros, 

peridotites, and dunites (Bayley, 1923a, p. 260). 

The size and shape of the basic country rocks vary from small dikes 

50 to 100 feet wide and 1,500 feet long (Caribou Kill, Colo.), *.;() saucer— 

shaped complexes which are 125 miles long, up to 25 miles wide and cover 

2,400 square miles (Duluth gabbro complex, Minn.), 
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The shape of the mineral concentrations is extremely irregular, and 

may vary greatly within an individual deposit. At Caribou Kill, Colo., 

the deposit is merely a titanium-rich phase of the country rock, with 

numerous thin mineralized veinlets and stringers spread throughout the 

rock. Some mineralization also occurs in small pockets and lenses within 

the host rock (Singewald, 1913b, p. 127). According to Broderick (1917, 

p. 67?-694), titaniferous deposits in the Duluth gabbro complex show the 

following diverse shapes: (1) irregular shaped masses that cut across 

gabbro banding with sharp contacts, and range in size from small blocks 

to bodies measuring 250 by 4,000 feet; (2) conformable layers that are 

1 inch to 5 feet thick and grade into the banded gabbro in which they 

occur; and (3) irregular shaped dike-like bodies that have sharp contacts 

with the host rock, and cut across it without regard to structure. Other 

deposits throughout the world have their own individual size and shape, 

but can usually be fitted into one of the ce;egories outlined above. 

Most of the mineralized portions, with the exception of some ilnenite 

deposits of North Carolina, contain magnetite-ilmenite mixtures. The 

Rhode Island deposit contains cumberlandite, an unusual rock composed of 

olivine and labradorite grains imbedded in a matrix of limonite and 

magnetite. 
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Nelzoulte bodies.--Nelsonite has been recogalned only in Virginia where 

it occurs in irregular uasses associated with a small anorthcsite body. 

The anorthosite was probably uniformly coarse grained, but through granula» 

tion has become an extremely varied rock of large, light bluish-.gray 

feldspars 10 to 20 ems in diameter, surrounded by nearly pure white 

granulated feldspar. It is about 73 percent sodic andesine and 25 percent 

microcline, with minor amounts of quartz and secondary silicates. The 

anorthosite body which is about 12 miles long and a maximum of 4 miles 

wide, is enclosed in a well foliated biotite-bearing quartz-monzonite gneiss. 

The size and shape of the nelsonite bodies vary greatly. Some are 

dike-like and may be traced a maximum of 2,000 feet along their strike, 

although lengths of several hundred feet are more common; the width 

varies from a feu Inches to more than 65 feet. Other bodies are lenticular 

and where exposed for considerable distance are seen to pinch and swell 

both along the strike and dip. They may even branch and split before 

completely pinching out. The contacts between the neleonites and the 

country rock are usually sharp, although a gradation between the two is 

aFpeciaIly common in the rutile nelsonites. 

Meet of the nelsonites occur at the borders of the anorthosite mass, 

although limonite nelsonites, free from rutile, are also found in the 

Surrounding quarts-monzonite. Rutile nelsonite is confined to the 

anorthosite, and magnetite nelsonite to the quartz monzonite. Although 

a533 (1941, p. 20-23) believes that the aelsonite bodies in the anorthosite 

were emplaced only in areas which showed crushing and s:Iearing, other 

authors find no such correlation. 
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Miscellaneous.--The geologic occurrences of the ilmenite—bearing 

rocks of New Jersey are not typical of titaniferous deposits. Bayley 

(1910) described isolated bodies of titaniferous "ores" within gneisses 

of variable composition. Smith (1933, p. 658) lists the following occur— 

rences for the New Jersey deposits; (1) irregular bodies in limestone; 

(2) irregular masses of magnetite in gneiss; (3) disseminated "ores" in 

gneiss; and (4) lens or pods-shaped bodies enclosed in gneiss. These 

occurrences are typical of nowstitaniferous magnetites, and may refer 

chiefly to those deposits with only minor amounts of titanium. Because 

detailed geologic investigations are lacking for much of the area, some 

of the high titanium deposits may be similar to other titaniferous deposits 

and be associated with gabbros. Because one deposit has 12 percent `"102, 

Singewald (1913b, p. 78) states, "It is quite probable tlz.t a few of tLe 

high titanium occurrences may be exceptions and do occur in metamorphosed 

gad' ores„ 
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Ilmenite Is a common minor constituent of so many rocks that to 

give the occurrence of all would be impractical. A few primary de-

posits, such as the granites and basalts, are important in that ilmenite 

in them is ofttra concentrated by weathering processes. The basalts, 

according to Clarke (1924, p. 460-'4,63), contain from 0.12 to 2.93 percent 

Ti02. Rankam:u and Sahama (1950, p, 159) give the following amounts of 

TiO2 for basalts am6 the average igueous rock: plateau basalts 2.19 

percent; all basalts 1.36 percent, and average igneous rock 1.05 percent. 

Granites and other acidic rocks carry only smr,31 amounts of titanium, 

probably as ilmenitea titanian-.magnetite, or sphene; Clarke (1924, p. 

439-443) chows a maximum of 0.41 percent TiO2 for the rbyolite-granite 

group, a.ad 0.67 percent TiO2 for the trachyta-syenite group. Table 5 

shows that the average titanium content of a group of igneous rocks 

ranges from 0.02 to 1.62 percent Ti02. 
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Table 5. Average chemical composition of some igneous rocks J 

Dunites Hornblendites Gatbros 

Diorites, 
excluding 
quartz 
diorites 

Granites of Eephelite» 
4rancdiorites all periods syenite 

No. of 
analyses 10 11 41 70 40 546 43 

Si02 40.49 42.80 48.24 56.77 65.01 70.18 54.63 

A1203 0,86 10.55 17,88 16.67 15.94 14.47 19.89 

Fs203 

Pe0 

2.84 

5.54 

6.62 

9.16 

3.16 

5.95 

3.16 

4.40 

1.74 

2.65 

1.57 

1.78 

3.37 

2.20 

,4 
a 

T102 

Mn0 

0.02 

0.16 

1.62 

0.24 

0.97 

0.13 

0.84 

0.13 

0.57 

0.07 

0.39 

0.12 

0.86 

0.35 

Mg0 46.32 12.48 7.51 4.17 1.91 0.88 0.87 

0a0 0.70 11.67 10.99 6.74 4.42 1.99 2.51 

1142° 0.10 1.89 2.55 3.39 3.70 3.48 8.26 

120 0.04 1.00 0.89 2.12 2.75 4.11 5.46 

1120 2.88 1.73 1.45 1.36 1.04 0.84 1.35 

P205 0.05 0.24 0.28 0.25 0.20 0.19 0.25 

Total, 100.00 100.00 100.00 100,00 100.00 100.0 100.00 

;I From lady, 1933, Table 1. 



Deposits containing rutile and brookite. 

Rutile nelsonite bodies.--nutilc nsisonite occurs only LI Knorthositt:1, 

of Amherst and Nelson Counties, Virginia. It is similar to the other 

nelsonite bodies (nee 47 ) except that it may contain as much am 60 

percent ratile. 
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Disseminated ratile deposits within anortilosite.--Futile occurs in 

Virginia as disseminations in the same anorthosite that contains the 

nelsonite bodies (see p.47). The rutile averages 4 to 5 percent of the 

anorthosite where it is irregularly distributed as grains, but locally 

comprises 30 percent where it is segregated into "irregvlax wavey lines 

or stringers composed of disconnected rutile grains of variable size" 

(Watson and T: her, 1913, 194). The rt.:tile is associated with all 

three of the lilicate minerals of the anorthosite, namely feldspar, 

Quartz, and secondary hornblende, and is often associated with ilmsnite. 

littson and Taber (1913, p. 193-194) state that the stile does not 

occur in any specific part of the anorthosites, any only mention that 

some of the anorthosite has been greatly deformed. Ross (1941, p. 19), 

conversely, believes that the rutile is associated with ilienite and 

secondary minerals. shows zonal rt,,lationship to shear zones, and is 

found only in granulated feldspar. 
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Acid dikes and veins.--Rutile, a common minor constituent of 

quartz veins, pegmatites, and aplite dikes,is in places sufficiently 

concentrated to be an ore mineral. At Irager6, Norway, rutile occurs 

within an aplite dike composed of sodic plagioclase, microcline, ortho— 

clase, much black rutile, some quartz and a little limonite. The rutile 

is uniformly distributed near the center as grains, and irregularly dis— 

Pibuted as schlieren throughout the entire Dike„ Roughly 5 to 10 .per— 

cent of the total rock is rutile. 

Another typical deposit is the Giftkuppe, Southwect Africa, rutile 

deposit in which bands of rutile loss than 1 inch thick are found within 

a highly altered cuortz—ulbite rock (Frommarze and others, 1942, p. 

134). 

Futile is common in quartz veins, and although in places present in 

insufficient quantities to be a primary ore, it can be concentrated by 

weathering processes. A few occurrences within quarts veins have yielded 

large rutile crystals for mineralogical collections; Graves Mountain, 

Georgia, is an example of this. 

Brookite occurrences in quartz bodies are similar to those of rutile, 

although the brookite ueually forms crystals. 
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Dc-eosita of unique geologic occurrence in ierkansas.--Rutile and 

brockite deposits in the Mag2et Ccve region of Arkansas are unique geo-

logically. Reports on the area do not agree on the type of rock in which 

rutile occurs, the difference being principally the result of varying 

iutorpretati=c of genesis. The country rock is novaculite and aegirire 

pLonolite porphyry which contain bodies of fine-grained material. 

In the deposit of the Magnet Cove Rutile Company, rutile occurs 

in fine-grained, in places clayey material, between unaltered blocks 

of predominantly igneous rock. Ross (1941, p. 23-26) and Kinney (1949, 

p. 5-6) identified the fine-grained material as a volcanic ar;glomerate, 

DOW altered to clay, and possessing microL,copically a "well-preserved 

glassy volcanic tuff structure, althceeh now completely alteree to the 

clay minerale beidellite and kaolinite ..." (Ross, 1941, p. 24). The 

blocks of unaltered rook, also part of the volcanic agglomerate, are 

monetioulte, lamprophyre, coarse-grained porphyritic rocks: and blocks 

of calcite. Dikes of nepheline syenite, lampropbyre and a fine-grained 

black mafic rock also transact the rock:: of the area, 
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Fryklund and Holbrook (19.50, p, 16-36), and ,:tore recently Frykland, 

Earner, and Kaiser (1953), have indicated the fine—grained rocks to be a 

series of feldspar—carbonate veins which cut across a country rock of 
S X 

aegirine phonolite porphyry. TheAtID types of veine constitute 50 to 

Z5 percent of the deposit and have viaying amcunte of rutlle as follows: 

(1) coarse—grained, biotite—,apatite—calcite vein, without r:Itile; (2) 

!,ugary—text.1-red albite—dolomite vein, containing up to 5 percent rutile; 

(3) microcline—calcite vein, cork4ining 1 to 2 percent riltile; (4) albite— 

ankerite vein, with abundant rutile in large masses; (5) coarse—grained 

albite—perthite—oaxbonate vein, with less than 1 percent rutile; (6) 

calcite—rutile vein, co.ataini3e abundant rutile disseminated in the 

calcite. 

According to Ross and Kinney the rutile occurs in the fice.greined 

clayey material of the altered agglomerate, Just below the large blocks 

of unaltered rock. Thee. believing in a vein method of emplacement 

indieate that the rutile occurs in only some of the veins. 

At the Christy brookite deposit the primry "ore" lies within 

quartzite masses that are embedded in uovcaulite and clayey material. 

The quartzite is generally -porous and varies from ligLt to dark gray 

in color; the darker colors contain more rutile and taeuiollte then the 

lighter shades. These quartzite beds are separated by layers of rela— 

tively barren clay, ribs of barren novaculite, and unmineralizeCi shale 

layers, ;most of which show weathering and some alteration eveil at depth. 
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 Secondar-a 

The secondary deposits are derived from primary ones by weathering 

processes that often result in considerable enrichment of titanium-bearing 

minerals. 3ecause their unconsolidated nature makes large-scale mining 

inexpensive, many of the deposits are commercially valuable. 

Sands of marine origin 

The sands of many beaches contain local accumulations of heavy 

minerals that in places are rich in limonite or rutile, and their altera-

tion products. These and other heavy minerals are generally concen-

trated in wedge-shaped black sand lenses that thin seaward. The bast 

deposits extend from between low and high water mark to a point inland 

reached by the strongest storm waves, considerably above high-water mark, 

and often near the foot of the first dunes. Some of the larger deposits, 

such as those on the east coast of Australia, are thin ribbons up to 800 

feet long parallel to the beach, 100 feet wide normal to the water's 

edge, and up to 5 feet thick (3easley, 1948, p. 116). Small layers, 

however, may be only a few inches thick, and extend for only a few feet 

parallel to and normal to the waterls edge. Individual,thin layers are 

often separated by barren white sand, or groups of lenses may overlap 

one another and form complexes extending considerable distances along 

coastlines, In Australia, for example, deposits are worked for 50 

miles along the Queensland and New South Wales coastlines. 
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In addition to deposits on the present beaches, black sands also 

occur on raised off-shore bars, in lagoons behind barrier beaches, and 

beneath sand dunes that may extend inland for considerable distances from 

the present beaches. In Australia some of the dune complexes extend for 

a half mile inland from high-water mark, and contain black sand deposits 

which are 10 to 15 feet above high-water level (Fisher, 1948, p. I). 

Buried layers of black sand may occur down to various depths on 

beaches and on terraces inland from the shore. In Florida extensive de-

posits of buried black sand are found 50 miles inland, and to depths of 

65 feet. These sands are associated with cross-bedded, highly oxidized 

elastic sediments that show the results of channeling associated with 

strong currents. The heavy mineral concentrations of these average 1 to 

2 percent, with a few areas averaging 3 percent. Although this is eon. 

siderably less than many beaches, it represents an average that extends 

throughout an entire deposit and is not confined to a single lens. 
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Stream sands and gravels 

The sands and gravels occurring in stream beds and on river flood— 

plains contain accumulations of heavy minerals that may be rich enough 

in titanium—bearing minerals to be classed as ores. In valleys, sands 

and gravels may extend to considerable depth and fill the valley—bottom 

from wall to wall. Valley fill in Portugal is 3 to 4 miles long, a mile 

wide and extends to depths of 12 to 35 feet. In some of the California 

canyons, heavy—mineral bearing sands are found at depths of 50 feet, 

and average 7 to 8 percent TiO2 (Oekeshott, 1948, p. 265). Deltas of 

some rivers contain important heavy mineral concentrations, such as that 

of the Nile River in Egypt, where the deposits are worked for their 

titanium minerals. 

The deposits commonly occur as lenses or irregular tabular bodies 

parallel to the stratification of the sands and gravels. Thicknesses 

are generally measured in inches, and may be similar to heavy deposits 

in beach sands. 
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Residual deposits 

Surface concentrations of resistant minerals such as quartz, ilmenite, 

and rutile are common in regions where bedrock is greatly weathered. 

These chemically inert, residual minerals are embedded in a matrix of 

unconsolidated sands, silts, and clays that grades downward into bedrock. 

The concentration of the residual minerals is generally greatest in the 

upper nortion of the deposits, and decreases downward to the normal 

concentration within bedrock. Because of this upper zone enrichment, the 

deposits can be important sources of rutile and ilmenite, even though the 

bedrock contains only minor amounts of them. In tropical climates the 

residual deposits may be 100 to 150 feet thick, whereas in temperate 

climates 10 to 30 feet is more common. Arctic climates have very thin zones 

of chemical decay since mechanical disintegration is the most common 

phenomenon. 
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Clay.--Parts of northwestern United States are underlain by thick 

deposits of residual clay containing grains of partially altered ilmenite. 

The clay is derived from basalt bedrock. 

Certain ferruginous clays of Oregon having a high alumina content) 

and commonly referred to as ferruginous bauxite, are a typical example. 

They contain three types of material: (1) a hard oolitic or pisolitic 

material; (2) a softer earthy variety containing hard porous nodules 

or angular fragments; and (3) a hard porous granular clay occurring 

largely as float and containing more alumina and less iron than the 

others (Libbey, Lowry, and Mason, 1946). The ilmenite and minor amounts 

of magnetite occur within the oolites and matrix as residual grains as 

much as 0.55 mm in diameter. In addition, the porous granular type con. 

tains numerous residual skeletons of magnetite with their original spatial 

arrangement, and also has much of the texture of the parent basalt. 

Channel and grab samples of all the known deposits of ferruginous 

bauxite in Colombia County, Oregon, showed an average of 5.83 percent 

Ti02, 38.63 percent A1203, 20.70 percent Fe, 9.36 percent Si02, and 

19 percent ignition loss (Libbey, Lowry. and Mason, 1946, p. 259). Clay 

deposits elsewhere have as much as 8 percent ilmenite (in Idaho) and 

7.3 percent TiO2 (in Washington). 
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Bauxite.--Commercial bauxite, 'ised as a source of aluminum, in many 

places contains enough ilmenite to make it a potentially valuable by— 

product. The processing of this ilmenite has been experimentally under— 

taken on bauxite ores which the Reynolds Metal Company uses at Bauxite, 

(Calhoun, 1950). Bauxite having 2.1 percent TiO2 is initially 

treated to yield two products: (1) a red mud that is further processed 

for the extraction of aluminum; and (2) a waste black sand that can be 

processed to recover the ilmenite. This black sand is 8.5 percent of the 

raw product and contains 5.0 percent TiO2 or 20.6 percent of the total 

titanic. lxperimental treatment by various methods of crushing, screen— 

ing, tabling, roasting, and magnetic separation yields titaniferoum 

products ranging from 17.8 percent TiO2 with a recover7 of 9? .percent 

3 i:1.2 percent TiO2 with a recovery of 35.7 percent t (Calhoun, 19509 

p. 15). The results from various methods are summarized below, 
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Recovery Final product 
of TiO2 Percent Percent Percent Percent of 

Method (percent) TiO Fe Mn black sand2 

Screening, tabling and) (35.7 41.2 20.1 8.9 3.4 
) ( 

magnetic separation ) (51.7 20.7 20.8 9.8 

Crushing, tabling, ) (68.3 40.1 18.7 5.8 7.0 
) ( 

roasting, and magnetic) (82.4 17.8 18.5 2.6 20.4 

separation 
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Soils.--A few soils have been cited as possible ores of titanium 

as a result of their unusually high titanium content. Soils throughout 

the world average between 0.50 and 1.50 percent TiO2 (Barksdale, 1949, 

p. 6), yet certain Hawaiian soils average about 5 percent TiO2 end in 

some places contain as much as 45.5 percent. The upper portionfi of the 

profile of certain Hawaiian soils is most abundant in titanium. It con— 

tains the mineral anatase along with concretions of iron oxide; analyses 

indicate an average of 15 to 25 percent TiO2 and 45 to 55 percent Fe203 

(Sherman, 1952). 
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Origin 

The origin of many titaniferous deposits is subject to different in— 

terpretations. In this report, no attempt is made to give a complete 

and exhaustive study of the various genetic hypotheses, and only the more 

common theories are stated, without any evaluation of their relative 

merits. Most of the theories discussed in this report are taken from 

articles concerning titaniferous deposits, and no reference is made to 

the numerous theories arising from investigations on general geological 

or petrogenetic problems. If the reader is interested in theories of 

origin, or more detailed discussion of the rocks of a given area, it is 

suggested that he consult articles on the regional geology of the area 

in question. For example, in the case of the Adirondack titanium ores 

in anorthosite, this report gives only a limited description of the areal 

geology, and much fuller coverage may be found in articles on the regional 

geology, such as those by Balk (1931), Buddington (1939), Newland (1908), 

and others. The same is true for other areas, such as the Duluth gabbroio 

complex, the Bushveld igneous complex, the southern Appalachian piedmont, 

end others. 
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Primary titaniferous deposits 

Anorthosite complexes.--Theories of origin of titaniferous bodies 

in anorthosite fall into two general categories: one theory postulates 

emplacement of the bodies as magmas, and the other postulates an origin 

by replacement of pre—existing rock. A typical example of a magmatic 

origin, the more common of the two theories, is given by Balsley (1943, 

p. 117) for the Lake Sanford, New York, ores. The gabbro, anorthosite, 

end ore are all related to the same magmatic intrusion. Anorthosite, 

the first rock to crystallise, left behind a magmatic residuum of gabbroic 

composition, which upon continued crystallization produced a solidified 

gabbro and an interstitial liquid of nearly pure magnetite—ilmenite. 

In places this liquid was injected into partly consolidated anorthosite, 

resulting in sharp contacts, whereas in others it remained in contact 

with the gabbroic minerals, forming a gradational contact. Hammond (1949, 

p. 1201 has similar views on the origin of the Allard Lake deposits; he 

says, "It waule, seem that the ilmenite has been derived from all or part 

of the parent anorthosite magma, and that it has been injected into another 

part of the consolidated though still hot anorthosite along structural 

planes. The deposits, then, are high temperature, late magmatic injections 

containing only minor amounts of volatiles." Mawdsley (1927, p. 46) stated 

that the deposits at St. Urbain, Quebec were magmatic in origin, and Osborne 

(1928, p. 744) indicated that the ore magma was essentially a concentration 

of the last crystallising constituents of the anorthosite. It was derived 

from one part of the anorthosite and forcefully injected into another 

part by breaking through and engulfing blocks of it. 
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The replacement theory postulates the molecule by molecule replace— 

ment of a pre—existing rock by permeating gases or liquids. In most 

theories the titaniferous deposits are believed related to the parent 

anorthosite or other host rock, in that the material may have come from 

the same magmatic chamber, end was emplaced by a process which has intro— 

duced titanium (and in some cases iron) into the rock while removing the 

host material, (Alison (1949, p. 1046) believes the ores at Lake Sanford, 

N. T. are the final product of the soaking of hot anorthosite rocks by 

consecutively more basic solutions that eventually became high in iron 

snd titanium. The ore is thus a replacement of both anorthosite and 

gabbro by these titaniump-rich and iron—rich solutions. At St. Urbain, 

Quebec similar replacement processes have been postulated. Gillson 

(1932, p. 572) concludes that "the ores were formed by replacement in the 

already solid anorthosite and were deposited from solutions, either gaseous 

or liquid, which soaked through the rock." The ilmenite'-magnetite dike 

at Iron Mountain, Wyo. is, according to Newhouse and Hagner (1951, p. 9), 

the result of replacement processes, altholle, the sharp contacts with the 

anorthosite led earlier workers to conclude that it was a magmatic in— 

trusion (Singewald, 1913b, p. 121; Diemer, 1941, p. 19). Newhouse and 

Hagner do not elaborate on the mechanism of replacement, only saying, 

"The replacement theory is believed to be supported by the marked change 

in mineralogy along the strike, dip, and plunge of an ore body, and of 

its individual layers.,. 
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Layered norite complexes.--The origin of the titaniferous deposits 

in the Bushveld is still open to question. According to Wagner (1928, 

p. 33) the titaniferous iron "ore" is not found at the base of the Norite 

zone, and therefore must have crystallized later than many of the silicates. 

Because of this late crystallization in the cooling sequence, the titanifer— 

cus deposits occur near the top of the Norite zone, where they overlie 

thousands of feet of earlier crystallized silicates. As an alternative, 

Wagner postulates the formation of the iron and titanium oxides from 

gases and solutions trapped in the upper part of the norite magma sheet 

during the crystallization of the lower portions. Bateman (1951) has 

proposed a theory of "late gravitative liquid accumulation", in which 

liquid iron and titanium oxides have trickled down through late—formed 

plagioclase crystals and settled as a layer upon earlier formed ferro— 

magnesian silicates. Reunig (1928) suggests differentiation of magma at 

great depth, followed by separate intrusions into the complex of magmas 

of varying composition, although possibly the magnetites and their 

associated anorthosite may be the differentiation product in place of 

only one magma. 

Junner (1930, p. 431) gives the following sequence of intrusions 

of magma for the complex at Freetown, Sierra Leone, but unfortunately 

gives no detailed information on method of emplacement. Troctolite, 

olivine—bearing gabbro, and norite were emplaced, and while still hot, 

were invaded by relatively small masses of coarse—grained gabbro, norite, 

peridotite, dunite, and gabbro—pegmatite. The large sheet—like anorthosite 

body appears to be intrusive, and was probably emplaced during the second 

period of activity. 
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Gabbroic and basic complexes.--The origin of the magnetite—ilmenite 

bodies in gabbros has been discussed but little. Most of the deposits 

appear to be primary and have crystallized from the same magma that 

formed the enclosing gabbro, dunite, or other basic rock. The North 

Carolina "ores" "are connected genetically with apophyses from the dunite 

and peridotite magmas that have intruded the schiste along their foliap. 

tion planes in the form of narrow veins or flat lenses. The ore veins 

are portions of these rocks rich in ferruginous material" (Bayley, 19234, 

p. 260). Some of these "ores" were apparently deposited by hydrothermal 

processes. They are in distinct dikes or parallel—walled veins, and 

have titanium—bearing minerals which 4re younger than the associated 

silicates. Mineral assemblages from other parts of the world are probably 

similar, and in some cases may have been intruded essentially as a magma 

of titanium—rich composition, or may have segregated in place from a 

basic magma. 
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Nelsonite.--The problem of the Virginia nelsonite origin is similar 

to that of the ilmenitic bodies in anorthosites, with both magmatic and 

replacement theories having been advanced. Watson and Taber (1913, p. 

153) believe that anorthosite magma was intruded first, followed by 

nelsonite magma that had segregated from the anorthosite. It is not clear 

whether they imply that the nelsonite magma segregated in place, or at 

depth, and wis then intruded into partially consolidated anorthosite. 

Davidson, Grout, and Schwartz (1946, p. 748) indicate that the ilmenite 

"ore" (the nelsonite of some authors) "was in large part intruded as an 

irregular dike fingering into its wall", and was genetically related to 

the anorthosite into which it was intruded. 

Ross (1941, p. 15-22) postulates a replacement origin for both the 

disseminated rutile deposits and the nelsonite bodies. According to this 

theory the titanium minerals were introduced by solutions that were de— 

rived from a deep—seated intrusive body. This mass was probably a form— 

magnesian differentiate of the same primary magma whose other fraction 

formed the anorthosite. Mineralization occurred only in areas which 

showed shearing and granulation. Where iron was present, or was later 

introduced, ilmenite formed, otherwise rutile was the common titanium 

mineral deposited by the incoming solutions. 

A complex process of intrusion of a granodiorite magma and nelsonite 

dikes into quartz monzonite, and later alteration of these rocks by 

solutions from the magma is envisioned by Moore (1940, p. 641-644). 
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Rutile—bearing acid dikes and veins.--The rutile in quartz veins, 

pegmatite, and aplite dikes is usually an accessory mineral and very 

little information is given concerning its origin. The theories on origin 

of the host body vary from concepts of magmatic emplacement (with the 

rutile as a minor constituent) to deposition from gases or liquids having 

only a small amount of rock—forming material. 
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Arkansas rutile deposits.--The geologic description of these deposits 

15' 
(see p.1'1 ) has already indicated more than one theory on origin. The 

theory proposed by Ross (1941, p. 23-26) applied to the two principal de.. 

posits of the region: the Magnet Cove Rutile Company deposit, and the 

Christy brookite deposit, Initially there was deposition of a volcanic 

agglomerate consisting of large blocks of material embedded in a volcanic 

ash. At the Magnet Cove deposit the blocks were igneous rocks and crystal— 

line calcite, and at the Christy deposit they were novaculite. A later 

period of hydrothermal activity altered the volcanic ash to clay, deposited 

rutile and brookite within the clays, and formed the porous, vuggy, brookite— 

bearing quarts masses at the Christy deposit. Surface weathering in both 

areas has altered the upper portions to clay with abundant small blocks of 

martzite, novaculite, and igneous rock masses, and grains of both rutile 

and brookite. 

Fryklund and Holbrook offered differing origins for the two deposits. 

At the Magnet Cove Rutile Co. deposit, drilling work by the U. S. Bureau 

of Mines in 1945 and 1948 supposedly confirms their theories. Initially 

an aegirine phonolite porphyry magma was intruded, after which rutile—bearing 

feldspar—carbonate veins were intruded into the phonolite and its associated 

igneous rocks. Next, hydrothermal alteration of these veins occurred 

throughout the entire deposit, so that now these veins contain clays even 

at depth. Afterwards more rutile bearing feldspar—carbonate veins were 

introduced, and finally the deposit weathered to clays at the surface. 

The richer deposits of rutile are confined solely to the veins (Fryklund 

and Holbrook, 1950, p. 35). 
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The Christy brookite deposit was originally novaculite and interbedded 

fine...grained sedimentary rocks which were initially partly altered by the 

introduction of titanium-rich solutions. Following this alteration and 

partial recrystallization of the novaculite, there was the formation 

of the clay minerals, during which both novaculite and fine-grained sedi-

ments were further altered. Final action was a weathering of the complex 

to a depth of 100 feet, during which pyrite was altered to iron oxides 

(Fryklund and Holbrook, 1950, p. 61-62). 
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Miscellaneous deposits.--The New Jersey magnetite deposits are 

supposedly the result of enrichment by late magmatic solutions or 

vapors which percolated through gneisses that had formed shortly before. 

3ayley (1910, p. 149) says, "after partial cooling of the gneisses these 

Imre in turn intruded by ferruginous portions of the same magma that gave 

them birth, and these intrusions were later enriched by iron—bearing 

solutions or vapors originating in the same subterranean source." These 

solutions "made the ore lenses that now comprise the ore bodies." 
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Secondary titaniferous deposits 

Beach sands.—The heavy mineral deposits on beaches result from 

natural concentration by wave and current action. Most deposits probably 

form during heavy storms, when large waves carry sand well above the 

normal high—water mark of the beach. The returning water has enough 

velocity to remove only the lighter mineral grains, leaving behind a 

residue of heavy minerals. Because longshore currents and winds in many 

areas cause a migration of the sands along the beach, the deposits are 

"wandering" unless "anchored" at one end by a cliff, headland, natural 

bar, or other obstacle. For example, along the east coast of Australia 

the prevailing direction of the waves from the southeast causes the de— 

posits to move northward; the best deposits are consequently found south 

of the capes, headlands, and bays, from which they have grown southward 

by accretion of the northward moving material (Fisher, 1948, p. 5). 
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The source of the heavy minerals is an important, yet often over— 

looked point. Although deposits of heavy minerals are common on the 

coasts of all continents, commercial titanium—bearing sand deposits most 

commonly occur under the following conditions. The sand of the heavy 

deposits has been contributed to the ocean by the erosion and reworking 

of sediments or sedimentary rocks high in titanium mineraisphis makes 

the heavy mineral layers second, or even third cycle deposits. The sedi— 

mentary source materials, which may include deltas, river sediments, 

coastal plain sediments, or even beach and dune deposits, have a larger 

than normal titanium mineral content because the sand in them has resulted 

from the erosion of lateritic soils developed on igneous and metamorphic 

rocks. Tropical weathering of such rocks provides large proportions of 

the relatively stable heavy minerals ilmenite, rutile, zircon, and 

relatively little of the less stable magnetite, amphiboles, pyroxenes, 

etc. 
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A few examples will suffice to show that these conditions are essen— 

tial for the formation of most titanium»bearing deposits. In Florida, 

the heavy deposits were produced during the continuous reworking of an 

old, pre—Pleistocene delta that occupied approximately the area now called 

Trail Ridge. This delta, composed of numerous smaller coalescing deltas, 

was built by streams that flowed from the north and were laden with debris 

from the lateritic soils of the area now occupied by Georgia and the 

southern Appalachians (Gillson, 1949, p. 1053-1054; Thoenen and Warne, 

1949, p. 7-8). The Travancore deposits of India have resulted from the 

reworking of bars, spits, and dunes that formed after the coast was sub-

merged and a river bed was inundated. The river had been draining an 

area of thick, deep red, lateritic soils (Gillson, 1949, p. 1053..1055). 

In Australia, sand in the deltas of the Clarence and Richmond Rivers 

(draining an area of Triassic sandstone) is attacked by longshore currents 

and redeposited along the coast; here it is reworked by the waves and 

concentrated into heavy mineral pockets (Beasley, 1948; Fisher, 1948). 

In Brasil, deposits of titanium—bearing minerals occur where the 

ocean is attacking older coastal plain sedimentary rocks, but are not 

as rich as deposits elsewhere in the world because of the low concen-

tration of titanium—bearing minerals. 
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In many areas burial of the deposits has been accomplished by wind 

activity, or by slight chAnges in the depositional activity of the ocean. 

In some places the layers have been elevated above the water by recent 

coastal uplifts, and now occur in terraces that are protected from attack 

by the water. Buried deposits that occur considerable distances inland 

(such as in Florida) are instances in which both burial and uplift have 

been considerable. 
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Stream sands and gravels.--When appreciable quantities of titanium— 

bearing heavy minerals are present in streams, a source—rock high in 

these minerals is being actively eroded. Deposition of the minerals 

occurs in backwaters or pools where the stream may deposit only the 

heavier minerals of its load. In some cases, such as the cassiterite— 

bearing gravels of Malaya, or the diamondiferous gravels of Sierra 

Leone, the titanium minerals are uniformly distributed throughout the 

deposit, and were deposited during the normal processes cf stream deposi— 

tion. 
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Residual deposits.--Weathering of rock under conditions, such as 

in tropical climates, that favors chemical decomposition rather than 

mechanical disintegration provides the best residual deposits. During 

the chemical changes many of the silicates are altered to hydrous aluminum 

silicates but the more resistant minerals, such as quartz, rutile, limonite, 

and zircon, are changed only slightly. In the Oregon ferruginous bauxite, 

evidence indicates that the lower parts of the clay are leached of silica, 

magnesia, calcium, and sodium, whereas in the upper parts of oolitic and 

pisolitic material, a concentration, especially of iron and aluminum. 

is dominant. This view is held by Libbey, Mowry, and Mason (1946, p. 

257) who say, "The oolitic or pisolitic section .... probably represents 

a zone of concentration in part by concretion, whereas the underlying 

sections may represent a zone of concentration largely by leaching." 

Supporting analyses show that the lower portions of earthy, laterized 

basalt contains 38.5 percent A1203, 19.1 percent 0., and 14.3 percent 

SiO2, whereas the overlying pisolitic horizon contains 33.2 percent 

A1203, 27.8 percent Fe, and 6.4 percent Si02. In another group of 

analyses titanium varies from 2.73percent TiO2 in the porous granular 

material, to 3.23 percent TiO2 in the oolitic or pisolitic kind, thus 

showing that titanium is relatively unaffected during the weathering 

action. 
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In Hawaiian soils the concentration of titanium has posed mart' 

problems. Sherman (1952) believes that the presence of anatase rather 

than ilmenite in the upper soil layers indicates a secondary origin. 

Accordingly, he believes the titanium is carried in waters from the 

wet tropical rainfall forest further upsiope, and is deposited on the 

slopes where a climate with definite wet and dry seasons predominates. 

The titanium dioxide accumulates in the soil probably in the same 

manner as does iron oxide. The process probably is as follows: during 

the wet season the titanium—rich solutions permeate the soil, but during 

the dry weather they move upward and are dehydrated to anatase in the 

zone of accumulation. 
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DESCRIPTION OF TITANIUM-BERING DEPOSITS 

The titanium-bearing deposits arranged by countries are described 

in the following section; where possible, reserves and production date 

given. With the exception of the United States and Canada the 

countries ere grouped under their respective continents. The descrip-

tf.on of the titanium-bearing deposits does not attempt to evaluate the 

individual properties/as information about them is often limited. Mani 

of the reports which were used for compilation of data mention only the 

grade and inferred tonnages of deposits, and do not indicate the min-

eralogical composition of the ore, or its commercial usability. 

The total reserves of titanium-bearing deposits as indicated in 

Table 6 are 4,947 to 5,435 million short tons of titaniferous material 

with 600 to 889 million short tons of contained Ti02. Unfortunately 

these estimates of reserves are inadequate because: (1) many estimates 

are from reconnaissance surveys; (2) reserve data are lacking for some 

of the large, commercially valuable deposits; and (3) the titanium con-

tent is the total contained in the deposit, all of which may not be 

recoverable. 

101 



Table 6. World resources of titanium-bearing deposits. 

Millions of short tons 1 Millions of short tons 

Country 

Australia 

Canada 

Ceylon 

Finland 

ILdia 

Japan 

Madagascar 

New Zealand 

Norwv 

Russia 

Sweden 

Tancanyika 

Union of South Africa 

United States of America 

of titaniferaus material 

12.4 

117.3 205.3 

6.4 

11.0 55.1 

2.6 

41.6 

3.9 

247.4 

51.3 59.8 

100.9 441.7 

248.0 

1,344.0 

2,393.2 

367.4 )23.2 

4,947.4 5,434.6 

4,947 to 5,435 million 
short tons 

of contained TiO2 

4.5 

36.7 75.9 

2.8 

1.3 6.6 

0.3 

3.5 

1.0 

4.4 

6.6 7.5 

6.7 66.8 

17.0 

170.2 

301.7 481.6 

43.1_ :- 46,7 

600.4 - 888.8 

600 to 889 million 
short tons 
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The principal, actively mined deposits in 1951 ware as follows: 

Australia, sands along the east and west coasts; Canada, primary de-

posits of ilmenite, manetite, and hematite in Quebec; French 0ameroons, 

rutile from stream placers; India, ilmenite and rutile from beach de-

posits along the Travancore coast; Malaya, ilmenite as a by-product 

of the mining of a11v^ial deposits for tin; Norway, ilmenite from 

ilmenite-nagnetite bodies along the southwestern coast; Senegal, French 

West Afriaa, ilmenite from beach deposits along the coast south of 

Dakar; Russia, ilmenite and rutilc(?) from deposits in the Ural Moun-

tains; United States of America, i2manite and rutile from various 

primary deposits and from buried beach deposits in the state of Florida. 

The world production of ilmenitc and rutile concentrates for the 

period from 1941 to 1950 is given in Table 7 and totals 5,305,476 metric 

tons of ilmenite concentrates and 193,071 metric tons of rutile concen-

trates.j No information is available on Russian production. Although 

J Although production for Japan is given for the years 1925 through 

1946, only a small percentage of the ilmenite concentrates was produced 

prior to 1941. 

the United States was the principal producer during this period, India 

was one of the largest producers prior to World War II. 
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••••••••• 

Table 7. World production of ilmenite and rutile concentrates, 1941-1950 

Metric tons 

(No information on Russia) 

Metric tons of Metric tons of 
Country ilmenite concentrates ratile concentrates 

Austrblia 74,550 101,224 

Brazil 21,271 * 13,298 * 

Canada 230,634 

China (1941-1944) 4,423 

Egypt 3,390 

French Cameroons 14,714 

French Zquatorial Africa 6 

India 1,625,870 9,425 

Japan (1925-46, Max. 1941-45) 25,556 

MIN/a 71,593 

Norway 696,592 656 

M•11••••Portugal 2,978 

Senegal, French West Africa 38,059 

Spain 2,605 

United States 2,507,955 53,748 

TOTAL 5,305,476 193,071 

* Exports 
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United States of America 

In the United States of America the production of titanium concen— 

trates from 1941 to 1950 was 2,507,955 metric tons of ilmenite concen— 

trates and 53, 748 metric tons of rutile concentrates. Table 8 shows that 

titanium—bearing deposits of the United States contain 367 to 373 million 

short tons of ore and materials containing /44 to 47 million short tons 

of Ti02. 

Ilmenite concentrates have been commercially produced from deposits 

in California, Florida, New York, North Carolina, and Virginia. Rutile 

concentrates have been obtained from deposits in Arkansas, Florida, and 

Virginia. Small production for gems. for experimental purposes and 

minor commercial purposes, has been reported from additional deposits 

in Connecticut, Georgia, Pennsylvania, Rhode Island, South Carolina, and 

Wyoming. Deposits of possibly future significance are known in Colorado, 

Idaho, Minnesota, Montana, Oklahoma, Oregon, Rhode Island, Washington, 

and Wyoming; less important deposits occur in Georgia, Maryland, Nevada, 

New Jersey, Pennsylvania, Tennessee, and Texas. Minor deposits of min— 

eralogical interest only, or unimportant occurrences of ilmenite—bearing 

sands are reported from Alabama, Arizona, Connecticut, Indiana, Massa— 

onusetta, Michigan, Missouri, New Mexico, South Carolina, South Dakota, 

Utah, and Wisconsin. These minor occurrences are not discussed in this 

report, but are mentioned by the following authors: Anonymous, 1944 

(Michigan); Barksdale, 1949 (Alabama, Missouri, and South Dakota); Coulter, 

1939 (New Mexico); Day and Richards, 1906 (Arizona, Indiana, New Mexico, 

South Dakota, Utah); Danner, 1943 (Massachusetts); (Schrader and others, 
1916 (Connecticut, South Carolina); Watson, 1915 (Alabama, South Carolina); 

Weidman, 1907 (Wisconsin); and Youngman, 1930b (Alabama, Missouri, Wisconsin), 
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Arkansas 

Arkansas has never been an important producer of titanium ores, 

and has produced only 5,188 short tons of rutile concentrates, from 

1932 to 1944 (Fryklund and Holbrook, 190, D. 14). Reserves for the state 

are estimated by Matthews, Ralston, and Ross (1947, Table 38) at 

2,250,000 short tons of rutile "ore" containing 70,000 short tons of 

TiO2' 

The deposits are associated with igneous and sedimentary rocks 

in the Magnet Cove region of Hot Spring County, and with sands in Howard 

County. 

Magnet Cove Rutile Company.--The only production of rutile in 

Arkansas has been from the deposit of the Magnet Cove Rutile Company 

(formerly the Titanium Alloy Manufacturing Coupany of Arkansas), in see. 

18, m. 3 s., R. 17 W., Hot Spring County, about 8 miles north northwest 

of Malvern. This deposit of rutile-bearing clays and igneous rocks has 

been illterpreted as either a highly altered volcanic agglomerate, or an 

igneous rock complex cut by partially altered, rutile-berriwr veins. 

(see p. 47, 74-75, and 91-92). 

107 



Sampling by the U. S. Bureau of Mines and the operators indicated 

an average of gl to 4 percent Ti02, of which 15 to 20 percent is in 

leucomene, and the remainder is in rutile. The open nit mine measures 

2,400 by 1,000 feet at the surface, and yielded 5,188 short tons cf rutile 

concentrates in intermittent operations from 1932 to 1944. Ore drecsing 

difficulties probably halted operation, because beneficiation tests in 

1944 indicated that recovery Ives only 14 to 17 percent in a 91 to 92 

percent TiO2 concentrate (Spencer, 1946, p. 5). Further beneficiation 

tests in 1947 showed, however, that by using flotation it mit be 

poseitle to get a 46 percent recovery in a 92.2 percent TiO2 product 

(Reed, 19L9b, p. 8). 

Christy brookite deposit.--The Christy brookite deposit has never 

been mined although it has been test drilled and sampled. It is located 

in the SWiSWi sec. 16, T. 3 S., R. 17 W., Hot Spring County, 8 miles 

north of Malvern, and contains brookite crystals embedded in a matrix 

of clayn and hiEhly altered novaculite (see p.40,14.73*.and ). 

Average grade of the deposit over an area of 900 by 500 feet is about 

5.8 percent TiO2 and two small test pits show 6.9 and 7.6 percent TiO2 

(Holbrook, 1947, p. 13; Peed, 1949a, p. 2, 5). Beneficiat ion tests in 

1944 on*ore"containing 10.6 percent TiO2 showed that by flotation and 

other techniques it was possible to obtain "reasonably good recovery 

of titanic in a concentrate analyzing 92.4 percent Ti02" (Falconer and 

Crawford, 1944, D. 8-10). Samples analyzed by the U. S. Bureau of Mines 

contained approximately 6 percent TiO2 and were concentrated by flota— 

tion to one product of 92.8 percent TiO2 with a recovery of 60.6 percent, 

end to another of 91.2 percent TiO2 with a recovery of 55.2 percent (Fine 
and Frommer, 1952, p. h-5). 
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Hot Scaring County, miscellaneous.--Minor deposits in the Magnet Cove 

region of Hot Spring County appear too small to be economically valuable. 

The Hardy—Walsh brookite deposit lies in two adjacent 40—acre tracts in 

sections 16 and 17, T. 3 S., R. 17 W., about 1 mile east of the Magnet 

Cove Rutile Company. Test pitting shows that the
e 

ore occurs in residual 

clays which overlie altered brookite—bearing novaculite, and contains 

5.0 to 8.4 percent TiO2 (Fryklund and Holbrook, 1950, n. 42-52). 

The Mo—Ti Corporation deposit in the NW sec. 17, T. 3 S., P. 17 W., 

has an average grade of 1.23 percent Ti02. 

Howard County.--Northwest of Mineral Springs, Howard County, layers 

of ilmenite—rich sand occur in the Upper Cretaceous Tokio formaticn, which 

is 300 feet thick and contains intertonguitg clays, sands, and lignites. 

In the Pink Green deposit in the NSE:14. sec. 12, T. 10 S., R. 28 W., the 

best ilmenite concentration occurs 4 to 8 feet below the surface where a 

cross—bedded friable sandstone contains a maximum of 12.8 nercent TiO2 

and averages about 4 percent. In the Beulah Green deposit in the 1174NEI 

sec. 23 and the WOWiNWi sec. 24, T. 10 S., R. 28 W., some titaniferous 

material is exposed at the surface. The largest concertration of ilmenite 

occurs 3 to 4 feet below the surface in quartz sands which range from 

0.6 to 28.6 percent TiO2. Testing of these deposits by the U. S. Bureau 

of Mines indicated that a concentrate of 54.9 percent TiO2 could be obtained 

with a recovery of 92 percent (Holbrook, 1948b). 
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California 

Reserves of tLtanium in California occur near Los Angeles in beach 

sands, and in the San Gabriel Mountains in stream placer deposits and 

primary deposits of ilmenite and magnetite. The reserve estimates by 

Matthews, Ralston, and Ross (1947, Table 38) indicate 250,000 short 

tons of 13.0 percent TiO2 "ore", equivalent to 100,000 short tons of il— 

menite or 45,000 short tons of Ti02. Other estimates of the San Gebriel 

ilmenite deposits range from 300,000 to 6,000,000 short tons of material 

containing 52,500 to 1,050,000 short tons of TiO2 (Oakeshott, 1950, p. 

35::). Both these estimates may be considerably in error, since very little 

drilling or extensive geological investigation has been undertaken. There 

are estimates for the beach deposits. 

The nroduction from the California lode and beach deposits has never 

been large; it was 10,013 tons of concentrates in 1927 and 1928, 705 tons 

fro;:: 1939 to 1944, and an unknown but presumably small amount from 1946 

to 1950. 
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Los Angeles County beach sands.--The ilmenite—bearing beach sands 

between Hermosa and Palos Verdes, Los Angeles .County have been inter— 

mittently worked for their titanium minerals. According to Baughman (192?, 

p. 310) the sands along more than 3,000 feat of beach averaged 7 percent 

ilmenite, and in the richer portions contained 6C percent ilmenite and 

14'0 percent magnetite. Although one source indicates that pure limonite 

concentrates were obtained by beneficiaticu (Tucker, 1927, p. 298), 

another source claims that in 1927 ilmenite shipments "amounted to about 

7,640 tons, rAnging from 15 to 52 percent titoaium oxide, equivalent to 

about 3,500 tons carrying 50 percent titanium oxide" (Yolmgman, 1930b, 

p. 4). wring 1927 and 1928 production from this beach and from lode 

deposits in the San Gabriel Mountains totaled 10,013 tons of concentrates, 

and during 1939 to 1944 this beach yielded 705 tons of concentrates. 

Reserve information, and data on these recent operations are lacking. 
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San Gabriel placer deposits.--During 1946 to 1950 Ferro-Titan 

Minerals and the Live Oak Mines intermittently operated in Sand Canyon, 

near Saugus, Los .Angeles County. The stream sends of both Sand Canyon 

and Pacoima. Canyon contain layers o± ilmenite and magnetite-bearing black 

sand that is derived from the nearby ilmenite and magnetite-rich gabbroi 

and anorthositel. These sande extend for considerable distances along 

the streams (half a mile and perhaps even more), and according to drill 

information by the U. S. Bureau of Mines and the U. S. Forest Service they 

average 30 to 50 feet in depth and contain from 2 to 30 percent TiO2 

(Oakeshott, 1948, o. 265). Beneficiation tests on these sands indicated 

that the small intergrowths of ilmenite and magnetite make it difficult 

to obtain high-grade ilmenite concentrates. Fine grinding and electro-

magnetic separation yielded one concentrate analyzing 32.6 percent TiO
2 

with an 18 percent recovery, and another of 23.3 percent Ti02 with a 

73.2 percent recovery (Oakeshott, 1948, p. 262). Ferro-Titan Minerals 

Company recovered ilmenite as a by-product of the waste sands from a sand 

and gravel plant and sold the concentrates for use in roofing granules 

and welding rod coatings. The other plant, the Live Oak Mines, mined 

creek sands averaging 7.5 percent TiO2 and produced a concentrate of 31.3 

percent TiO2 (Oakeshott, 1948, p. 263). Production from these operations 

is unknown, although presumably it is small. 

According to Oakeshott (1948, p. 265) there are several million tons 

of workable sand in each canyon, although lack of systematic sampling and 

drilling makes these estimates only approximate. 
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San Gabriel -primary deposits.--Minor production has been reported 

from various localities in the San Gabriel Mountains. where bodies of 

ilmenite—magnetite are associated with gabbroi and anorthositei. The 

small intergrowths of ilmenite and magnetite that occur in these deposits 

make the production of high purity ilmenite concentrates difficult. 

A futile attempt was made in 1906 to utilize ore of the western San Gabriel 

Mountains at Russ Siding in Soledad Canyon. In 1927 and 1928 mining for 

titenium ore was undertaken on the ride between Pole end Bear Canyons, 

2.4 miles southeast of Lang Station. Samples of ore from this short 

lived venture analyzed 19.6 percent Ti02, 46.1 percent iron, and 0.53 

percent V205. E. I. duPont de Nemours and Co., Inc. undertook an extensive 

exploratory 1)rogram throughout much of the range from 1927 to 1938, 

but abandoned the project without doing any drilling; they have not made 

public the results of their work. Although the San Gvbricl titanium— 

bearing deposits are estimated to contain asmuf,11 as 6 million tons of "ore", 

equivalent to 1 million tons of TiO2 (see p. 114), the difficulties in 

ore dressing make them commercially unworkable at the present. The loca— 

tion and possible reserves of numerous deposits in this region are given 

by Oakeshott (1948). 

Minor dcyositb.--Minor deposits of titanium—bearing minerals include 

beach deposits near Aptos in Santa Cruz County. Black sand layers here 

occur in long, irregular crescents that are 6 feet thick, 50 feet wide, 

and 200 feet long, and contain 16 percent TiO2 (Youngman, 1930b, p. 3-4). 

Other beach sands along the coast have been investigated, but as of early 

1952 no workable titanium deposits had been found. 
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Colorado 

In Colorado, ilmenite-magnetite bodies occur in Eaulder and. Freemont 

Counties, and a perovskite-magnetite or ilmenite-magnetite body occurs 

in Gunnison County. An unverified titeniferous deposit reportedly occurs 

in Clear Creek County. 

The deposits have not been operated commercially, and are not ex-

ploitable at the present (1952) because: (1) the individual titaniferous 

bodies are all sma.g (2) the tonnage of titanium-material in a given de-

posit is small; and (3) intergrowthe of ilmenite and magnetite are so 

fine grained that high grade ilmenite concentrates cannot be obtained 

by ordinary ore dressing techniques. 

At Caribou Hill, Boulder County, approximately 17 miles west by 

south of Boulder, basic dikes within Precorian granites and gneisses 

contain small pockets and lenses of ilmenite and magnetite. These 

iii enite-meeeetite bodies contain magnetite with interstitial particles 

and small grains of ilmenite, and average 67 percent magnetite and 8.5 

percent ilmenite (Singewald, 1913b, n. 125-128). 

At Iron Mountain, Freemont County, about 12 miles southwest of Canyon 

City, lenses of ilmenite-magnetite average 25 feet in width within gabbro 

and anorthosite, and contain 13 percent TiO2 and 48 percent iron (Singe-

Wald, 1913b, p. 128-135). 
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On the east side of Cebolla Creek, south of Powderhorn, in the 

southern part of Gunnison County, Singewald (1912, 1913b, p. 135-140) 

describes ilmenite--magnetite bodies that occur as numerous small segre— 

gations within a gabbrc, and as small nests or patches within a contact 

metamorphosed limestone. The bodies generally contain more ilmenite 

than magnetite, and anal;rze 9 to 36 percent Ti02. Larsen (1942, p. 14) 

indicates that the same deposit contains "dikelike or lenslike bodies of 

'iron ore', many of them 20 feet across, made up of nearly pure magnetite 

and perofskite . . ." The purest portions of the "orb' consist of coarse•-

grained magnetite and perovskite with minor amounts of ilmenite, apatite, 

and biotite. An analysis of the richer material shows in part 35.05 

percent Ti02, 24.03 percent Fe203, and 14.26 percent FeO. 

It was reported in 1943 that a small shipment of titanium ore was 

made from property near Georgetown in Clear Creek County (Mining Journal, 

Phoenix, 1943). No further mention of this deposit is made in the 

literature. 
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Florida 

Florida, the second largest producer of titanium ores in the United 

States during 1950, was exceeded in production only by New York State 

(Cserveryak, 1953, p. 1231). All mining in 1952 was from buried beach 

deposits, although until 1943, modern beach deposits were also mined* 

The buried deposits contain ilmenite, rutile, and leucoxene in amounts 

up to 50 percent of the total heavy minerals. The deposits formed when 

the land was lower and the ocean was attacking a large delta of sediments 

that were derived from the highlands to the north. Reserve estimates range 

from approximately 180 million tons of rutile and ilmenite- bearin sand con— 

taining about 1 million short tons of TiO2 (Matthews, Ralston, and Ross, 

1947, Table 38), to 25 to 30 million short tons of ilmenite, equivalent 

to 13 to 15 million short tons of TiO2 (Cannon, 1950, pe 206). 

Although the buried sande usually average less than 5 percent heavy 

minerals, they can be mined economically on a large scale by floating 

dredges. Mining by dredges became feasible only during World. War II when 

the advent of spiral concentrators made possible the treatment of low—grade 

sands. Buried sands are preferable to modern beach sands in large, 

mechanized mining operations because the buried deposits have larger 

reserves and more uniform distribution of heavy minerals over a large 

area, 
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National Lead property near Jacksonville.--One of the two principal 

deposits in Florida is about 8 to 1. 0 miles east of Jacksonville, where 

the Humphreys Gold Corporation mines property owned by the Rutile Mining 

Company of Florida, a National Lead Company subsidiary. The buried sand 

here contains al:proximately 4 percent heavy minerals, of which 43 percent 

is ilmenite, 7.5 percent is rutile, and 10 percent is zircon (Michell, 

1952, p. 368), Sampling work by Miller (19Lf:, indicatea that 

heavw mineral concentrates from tir deposit contain 26 percent ilmenite, 

5 percent rutile, 3 percent zircon, 24 percent enstatite, 21 percent 

staurolite, and 11 percent epidote. 

Operation of the property began in the summer of 1943, and by 1944 

suction dredges were handling 4,000 to 5,000 tons per day of raw sand 

containing 5 to 11 percent heavy minerals. Concentration by Humphreys 

spirals and electromagnetic and electrostatic separators yielded. 2,000 

tons of ilmenite concentrates and 300 tons of rutile concentrates per 

month (Nighman and Bryson, 1946, p. 800). By 1949 the input had been 

increased to 8,000 tons per day of raw sand (Lennart, 1949, p. 102), 

According to Matthews, Ralston, and Ross (1947, Table 38) the de— 

posit contains 114,600,000 short tons of rutile ore containing 545,000 

short tons of Ti02. Cannon (1950, p. 204) claims this deposit and the duPont 

Property near Starke contain 30 million tons of heavy minerals of which 

12 million tons is ilmenite, end 3 million tons is zircon. 
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DuPont prcmerty near Starke,--The second important deposit in 

Florida is in the state—owned land of Camp Blanding, east cf Starke in 

Clay County. Humphreys Gold Corporaticn operates the deposit for E. I. 

duPont de Nemours and Co., Inc. by using suction dredges on buried heavy 

sands. The heavy minerals, which occur from 30 to 70 feet below the 

surface, usually comprise 2 to 10 percent of the total sand, and aver— 

age 2 to 4 percent. They consist of 45 percent ilmenite (some partly 

sltered to leucoxene), 14 percent zircon, and 20 percent staurolite 

(Meyer, 1949, p. 1176-1177). The titania content of the total sand is 

Approximately 1.3 to 1.8 percent Ti02, and that of the heavy minerals 

is 28 to 33 percent TiO2 (Anonymous, 1952). 

Mining by suction dredges began in March 1949, and by the close of 

1951 the dredges were producing 30,000 tons of raw sand per day. Every 

hour approximately 1,100 tons of sand containing 4 percent heavy minerals 

is pumped to banks of Humphreys spirals, and yields 45 tons of zoncen— 

trate containing approximately 80 percent heavy minerals. This concen— 

trate, which contains 116 percent titanium minerals, 15 percent zircon, 

20 percent staurolite, 5 percent sillimanite„ 4 percent kyanite, and 5 

percent tourmaline, is further treated by electromagnetic and electro— 

static separators to yield titanium and zirconium concentrates (Anonymous, 

1952). In 1951 the output was 120,000 tons of titanium concentrates 

with an average TiO2 content of 65 percent (Allen, 1952, p. 54). 

The only reserve estimates are by Cannon (1950, p. 204) who claims 

that this deposit and the Rutile Mining Company property near Jackson— 

ville contain 30 million tons of heavy minerals, of which 12 million tons 

are ilmenite, and 3 million tons are zircon. 
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Vero heach.--Deposits east of Vero Beach were worked from 1943 to 

1947 by Riz Mineral Company, and from 1948 to 1950 by the Florida Ore 

Processing Company, Inc. Buried beach deposits, 3 miles inland beneath 

coastal dunes, and the present beach are worked. According to Mier 

(1945, p. 65) the rough concentrate from the dunes contains 36 percent 

ilmenite, 27 percent rutile, 6 percent zircon, 20 percent staurolite, 

and 3 percent epidote. 

Matthews, Ralston, and Ross (1947, Table 38) show that this de— 

posit contains 66,700,000 short tons of ilmenite—bearing sand, averaging 

0.84 percent TiO2 and containing about 560,000 short tons of TI02. 

Former mining operations.---An important source of ore during 1916 to 

1928 was the beach east of Jacksonville. Buckman and Pritchard, Inc., 

a subsidiary of National Lead Company, produced ilmenite, rutile, and 

monazite from the beach that extends 3 miles north and 8 miles south of 

Mineral City. The sands as received at the concentration plant contained 

20 percent heavy minerals, that averaged 55 percent ilmenite, 6 percent 

rutile, 20 percent zircon, and 2 percent monazite (Martens, 1928, p. 137). 

Another operation of the past was from 1940 to 1943 at Palm Bay, 

south of Melbourne, where Riz Mineral Company mined beach placer de— 

posits for 12 miles along the Indian River. The sand as mined contained 

28 percent heavy minerals, averading 36 percent rutile, 36 percent il— 

menite, and 11 percent zircon (Vernon, 1943, p. 142). 

In 1943, the St. Johns Lumber and Development Company of St. 

Augustine reportedly shipped a small quantity of mixed ilmenite, rutile, 

and zircon concentrate (Matthews, 1945, p. 808). 
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Central and northeastern Florida.--Drilling by the U. S. Bureau of 

Mines in 1947 and 1948 (Spencer, 1948; Thoenen and Warne, 1949) has re— 

vealed extensive buried low—grade deposits of titanium•-bearing sends 

in the central and northeastern parts of Florida. The drilling program 

covered ten separate areas extending from northwest of Jacksonville 

southward to about 10 miles northwest of Lake Okeechobee. These sands 

averaged 1.0 to 2.0 percent heavy minerals, with a few holes exceeding a 

3.0 percent average. The average heavy mineral composition of 100 composite 

samples from the drill holes is: magnetic opaques, 45 percent; rutile, 

4.6 percent; staurolite, 15.3 percent; and zircon, 12.4 percent. The 

magnetic opaque material was determined to be principally leucoxene, which, 

according to Thoenen and Warne (1949, p. 30) "is a mixture of rutile and 

fine—crystal ilmenite." 

The more nromising areas shown by the drilling were: (1) an area 

known as the Baywood Promontory near Interlachen in Putnam County; (2) the 

area around Cambon in Duval County, about 10 miles west of Jacksonville; 

(3) the area around Camp Blanding in Clay County. especially near the Gold 

Head State Perk; (4) an area bounded by Lynne, Astor, ;►'eirsda.le, and 

Altoona in Marion and Lake Counties, and including part of the Ocala 

National Forest; (5) between Minneola and Orlando in Lake and Orange Coun— 

ties; and (6) an area Including Childs in Highlands County. 
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Pensacola Bay region.--Beach deposits in Santa Rosa, Escarbia, and 

Okalocsa Counties, within a 25—mile radius of Pensacola, contain 750,000 

tons of sand averaging 1 percent limonite, 0.1 nercent rutile, 1.2 per— 

cent kyanite, and 0.14 percent zircon (Matthews, 1945, 7. 805). Miller 

(1945, p. 71) shows that the heavy minerals are 14.7 ilitenite, 8.7 percent 

rutile, 32.8 percent, kyanite, 30.7 Percent steurolite, and 9.8 percent 

zircon, tut does rot indicate the total percentage in the sand. 

Minor deposits.--Sends of the following areas contain layers of 

titanium—bearing minerals, but are probably commercially unimportant. 

They are: Amelia Islaad, Nassau County, in the extreme northeast corner 

of the state; Eau Gallia, Brevard County, on the Indian Fiver north of 

Melbourne; on the beach near Venice, Sarasota County; the reninsula be— 

twlen Cape San Blas and Point St. Joseph, Gulf County, southeast of 

Panama City; on the shoreward sie of Crocked Island along St. Andrews 

Sound my County; and on Gulf Beach in the vicinity of Phillips Inlet, 

Bay County (Martens, 1928, p. 141-147). 
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Georgia 

0 0
Occurrences cf titanium—bearang  ore in Georgia are all minor, 

The only recorded production was at Graves Mountain in the westE- rn 

portion of Lincoln County, where rutile was mined for specimens and 

gems during the late nineteenth century. The rutile occurs within quartz— 

ites and quartz veins, .aci analyzes from 97.22 to 97.64 percent mi02* 

The deposit is too small for commercial development (Watson and Taber, 

1913, p. 23-27). 

The following minor deposits of titanium—bearing coastal beach 

sands have been described by Martens (1928, n. 141-142) and Teas (1921, 

P. 376-377). Near the southern end of St. Simons Island, black sands 

containing 34 percent TiO extend for half a mile southward from the
2 

lighthouse. The northern end of Long Island contains black sands which 

have 51 i- ercent ilmenite and 4 percent rutile. Black sand deposits 

appear to be general throughout most of Sapelo Island. and are especially 

prominent near the southern end of the island. Two analyses of sand 

here show about 5 percent TiO2. 
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Idaho 

In Idaho, where prospecting and dredging of placer deposits has 

been undertaken i;rincipally for monazite, testing of the Welsh Creek 

placer indicated. that the sands and gravels contain in addition to 

gold and monazite some ilmenite, zircon, and garnet (Mining World, 

r 
1951, v. 13, no. 10, p. 78). Other ,lac As throughout the region are 

A 

also said to contain ilmenite, and this might be an important by— 

product if mining for other minerals is undertaken. A preliminary in— 

vestigation of the streams draining the west and southwest flanks of the 

Idaho batholith of central northern Idaho was undertaken by the U. S. 

Bureau of Mines during 1951 and 1952, but the results of this have not 

been published. No reserve information has been published on any of the 

placer deposits. 

Latah County clay.--In Latah County the Dear, clay deposit averages 

about 8 percent ilmenite and contains 150,000 short tons of TiO2 (Scheid 

and Sohn, 1946). 
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Maryland 

The only important titanium—bearing deposits in Maryland are in 

Rarford. launty, where rutile deposits occur in a belt of serpentine 

rocks that extends northward. for 5 miles from a point 1 mile northwest 

of ?ylesville (Tomlinson, 1946, p. 322). Within this belt the Dinning 

rutile mine co ;thins rutile rockets that average 8 percent TIC2 and 

reportedly extend to a depth of 58 feet (Ostrander, 1946). Preliminary 

2oncentrates from this deposit contained 91 percent Ti02. By means of 

improved facilitiesdo claims state that the mine could. yield 6 percent TiO2 
o P 
orecapableofooncentrationtoa93to96 -oercentTiO,product. There 

are no reserve estimates. 

Minnesota 

North of Lake Saperior, in northeastern Minnesota, era mt:earo-aa 

nritiinad deposits of ilmenite and magnetite. Recent drilling and geologic 

investigation show that the material is mostly low grade and would re— 

quire beneficiation before it could be - wed. Reserves of these deposits 

are estimated at 94.6 million short tons of 'lore" in bodies of ;Lore than 

100,000 short tons each, and 81.6 million short tons of "oren in bodies 

of more than a million short tons each (Grout, 1949-50, 1,. a5..86) 

Grout (:!_949-50, r. 93) indicates that the deposits of core than 1 million 

tone each average about 14 percent Ti02, and those of less than l million 

tons average about 23 percent Ti02. By using these grades the average 

141 4 14, Doco 
TiO2 content can be calculated at 447444-eatt tons of contained TiO . 
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The deposits of ilmenite and magnetite are associated with the Duluth 

gabbro, a large lenticular intrusive more tl-an 150 miles wide, and 

supposedly more than ID miles thick at its center (Grout, 1949-50, 10. 15). 

The gabbro extends for 125 miles from Duluth northeast to Greenwood Lake, 

T. 64 N., P. 2 E., Cook County, and has a crescentic outcrop pattern with 

the concftre slue towards Lake Superior (Singewald, 1913b, o. 93-94). 

The complex of lekiered, basic igneous rocks renees from peridotitej thrcrIgh 

gabbro to anorthositei, and contains ilmenite—magnetite bodies as bands, 

„J66
irregular bodies, and dikes (see g, 36 4 for a fuller description). The 

best "arcs occur in the easterly trending North and South Ranges of Cook 

County, especially near Poplar, Tucker, Saganaga, and Gabimichigami Lakes 

in the North Range and near Smoke and. Jack Lakes in the South Renee. 

Analyses of cores drilled in 1947 show 3.4 to 25.0 percent Ti02, and 

10.8 to 37.4 percent iron (Grout, 1949-50, p. 101). Examination of 

polished sections shows very small intergrowths of ilmenite and magne— 

tite. Beneficiation tests indicate that generally only a small amount 

of ilmenite concentrates can be obtained, 

The location and grade of deposits having more than a million tons 

of Horan is given below, and is taken directly from a report by Grout 

(1949-50). Grade A is direct shipping "ore"; Grade B is "ores that re— 

quires a concentration of about 2 to 1; Grade C requires a concentration 

of about 3 or 4 to 1, and Grade D requires a concentration of about 5 or 

6 to 1 (Grout, 1;`49-50, p. 80). The tonnages are as follows: 
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1. Calculated from drilling 

Southeast of Tucker Lake 2,300,000 tons Grade B 

Between the arms of Tucker Lake 19,000,000 tons Grade D 

Northeast of Smoke Lake 3,000,000 tons Grade D 

2. Indicated by outcrops and exploration cr magnetics 

Between the arms of 'fucker Lake 

SiNWi sec. 1, Tucker Lake 

Sec. 2, northwest of Poplar Lake 

Sec. 2, northwest of Poplar Lake 

10,000,000 tons Grade D 

12,000,000 tons Grade D 

5,00,C00 tons Grade B 

15,000,000 tons Grade D 

Secs. 5 and 6, northeast of Poplar Lake 2,000,000 tons Grade C 

Between Smoke Lake and Jack Lake, T. 63 N., R. 4 W. 

Sec. 26 

Sec. 26 

Sec. 27 

Sec. 27 

Sec. 28 

Sec0 33 OODOW ***** 

3,000,000 tons Grade B 

1,000,000 tons Grade C 

4,000,000 tons Grade D 

1,300,000 tons Grade D 

2,500,000 tons Grade C 

1,500,000 tone Grade B 

81,600,000 tons in the 
state 
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it o 
The adaptability of these ores to present—day industry is summar— 

ized by Grout (1949-50, p. 91-93) who says: "Cook County may have 

within easy reach of shallow surface mining something more than 90 

million tons of indicated and inferred titaniferous maenetite ore; and 

... some important bodies of the ore could be easily concentrated by 

cheap gravity methods to a product closely approaching ilmenite in 

composition .... 

"These prospective titaniferous ores ... are probably Imartc;inall 

ores; that is, they can be used profitably only under certain favorable 

conditions. The large 1,odies are of low grade; and the rich bodies are 

small .... 

"When the titanium market requires ore supplies so strongly that 

prices make any of the following kinds, of deposits attractive, further 

exploration and possible production will 'be in order. Cook County has: 

1. Large tonnage of lean ores in deposits of a million to 20 

million tons carrying about 25 percent Fe and 14 percent 

TiO2 in position for open pit mining. 

2. Small tomes of fairly high grade ore, possibly several 

million tons, to be mined underground, carrying 25 percent 

Fe and 23 percent Ti02, in condition to be concentrated 

by simple gravity methods to a product 37.5 percent Fe 

and 44.0 percent Ti02. 

3. Several deposits of intermediate grade and fair size." 

127 



Montana 

The only important titanium—bearing deposits in Montana are in 

Teton, Glacier, end Pandora Counties, where the upper 25 feet of the 

Rorsethief sandstone of Late Cretaceous age contains beds of 'Mack 

sandstone. Thece beds range in thickness from a few inches to 9 feet, 

and are the indurated equivalent of black sand lenses which are common 

in many beaches. This sandstone extends from Teton County northward 

through Pondera County, into Glacier county and across the border into 

Canada. The black sandstone lenses often have a metallic luster, and 

contain individual grains of magnetite, ilmenite, zircon, and sphene, 

and also grains of inter:;rown ilmenite and magnetite, 

In the Plackfeet Indian Reservation of. Glacier County, the beds 

average 4 to 5 feet in thickness and contain 6.8 to 12.8 percent Ti02, 

and 27.3 to 49.3 percent Fe (Stebinger, 1914, n. 337). 

In July 1945 drilling by the U. S. Bureau of Mines in the deposits 

northwest of Chateau, Teton County, totaled 800 feet, of which approximate— 

ly 164 feet, or 20 percent, was in beds which contained more than 30 

percent iron. These richer parts contained 3.7 to 8.5 percent TiO
2 

(average 5,9 percent), and 30.4 to 56.2 percent Fe (average 38.8 per— 

cent). Beneficietion tests showed that it was impossible to obtain 

good iron or ilmenite concentrates by grinding, screening, sink—float, 

or magnetic separation (Wimmler, 1946, p. 6-12). The only reserve 

estimates are given in an article in Mining World (1952, v. 14, no. 3, 

p. 94) which states, "An estimated 4,500,000 ton deposit of titaniferous 

magnetite in Teton County, Montana, averages about; 6.0 percent titanium 

dioxide. A similar deposit in Pondera County averages 5.0 to 8.0 percent 
titanium dioxide." 
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Nevada 

In Nevada only two small deposits have been mentioned for their 

titanium content; one occurs in Churchill County and the other in 

Douglas County. There has been no production, and there are no published 

reserve estimates. 

The Corral Canyon mine in northern Churchill County, approximately 

70 miles south of Winnemucca and on the eastern flank of the Stillwater 

Range, contains gold-bearing quartz veins and anatase-bearing altered 

feldspathic dikes. The aratase is irregularly distributed and Ilia places 

it forms over 5 percent of the rock and in small segregations a much 

larger proportion; elsewhere it may be lacking or present only in small 

specks" (Ferguson, 1939, p. 19). Testing by the U. S. Bureau of Mines 

V 4 
on samples of ore that were probably from this locality ,and contained 

2 percent TiO2 as anatase, showed that the two best concentrates contained 

63 percent TiO2 with a 11 percent recovery, and 52 percent TiC2 with a 

36.5 percent recovery (U. S. Bureau of Mines, 1938, Rept. Inv. 3425, P. 

89). The amount of ore is not large. 

The Blue Metal Corundum property in Douglas County, approximately 

20 miles west of Yerington, contains material rich is corundum and apa-

tite, with small amounts of rutile. Concentration tests yielded a rutile 

product of 16.0 percent TiO2 with a recovery of 14.8 percent (Binyon, 

1946). 
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New York 

The proauction in 1951 of over 270,000 tons of ilmenite concentrates 

(Allen, 1952, p. 4) placed New York state first in the production of 

titanium ores in this country. All of the ore was mined by the National 

Lead Company at Lake Sanford, Essex County, N. Y. 

The only important area of titaniferous reserves in the state is 

within a 2—mile radius of Lake Sanford, Ess€x County, near the headwaters 

of the aids= River, about 32 miles north of North Dreek. In this region, 

where estimates of titaniferous material ranee from 15 to 100 mil: ion 

tons, the U. S. Geological Survey in 1942 estimated 43 million short tons 

of ore (Balsley, 1943, Table 4), equivalent to approximately 8.2 million 

short tons of T102. Mining up to August 1949 had reduced the reserves 

to 36 million short tons of ore containing 6.8 million short tons of Ti02. 

National Lead Co. deposit, Lake Sanford.--This deposit in the Lake 

Sanford area has been variously identified in the literature as the 

Lake Sanford, Sanford Lake, Tahawus, Maclntyre, or Sanford Hill operation. 

The National Lead Company is mining the Sanford Hill deposit on the 

east side of Lake Sanford, where massive ilmenite—magnetite ore is 

nssociated with gabbro and anorthosite of the large Mt. Marcy anorthosite 

massif of the Adirondack Mountains. The ore, averaging 20 to 21 percent 

TiO end 34 percent iron, is mined in open pits and trucked to the nearby 

concentration plant This deposit, and others in this area,are also 

discussed on pages 35, 44, 56-58, 59-62, and 84-86. 
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Mining of the property began in August 1942, and by the end of 

August 1949 7,000,000 tons of ore had yielded 1,000,000 tcns of ilmenite 

concentrate averaging 44 to 48 percent TiO?, and 3,000,000 tons of magne— 

tite concentrate averaging 56 percent iron and 9 to 10 -,:eireant 

1951, D. 1223). The ilmenite concentrate finds immediate use, 

whereas the magnetite concertra',e 1= times stockpiled sinca the de— 

mand for it is less. 

After exteasi-Ys drilling in 1942 reserves for this deposit were 

estimeted by the National Lead Company to be 15,300,000 tons of ore. 

The U. S. Geological Surve;' estixtates in September 1942 showed 11,500,000 

short tons of measured and 4,200,000 short tone of indicated rich ore, 

plus a measured 5,000,000 short tons of leen ore, for a total of 20,700,000 

short tons of ore (Bals:I.ey, 1943, Table 4). As of August 1949, an 

estimated 13,700,000 tons of ore remained in the teposit. 

Iron Mountain deposit.--The Iron or Cre Mourtain deposit occurs on 

the southwest flanks of Mount Adaws, r.ortheast of Lakes Sanford and Jimw. 

The deposit of practic9lly pure magnetite—ilmenite extends to a depth 

of 150 feet in a zone that is 2,000 feet long by 50 to 200 feet wide, and 

is bounded by anorthcsite on one side and gabbroic rocks on the other 

(a.lsley, 1943, p. 121; Stephenson, 1948, p. 406-409). Paisley (1943, 

Table 4) shows 7,000,000 short tons of indicated rich floret', and 5,000,000 

short tons of inferred lean "ore" in this body of approximately 24 percent 

TiO2' 
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Calamity Mill Pond deposit.--The Calamity Mill Porto deposit, 

located in an area surrounding the junction of Calamity and Henderson 

Brooks, is associated with ancrthosite and gabbro. Reserves are 600,000 

short tons of indicated and 900,000 short tons of inferred rich "ore," 

in addition to 8,000,000 short tons of inferred lean "ore;" average 

grade of "ore" is about 17.2 percent TiO2 (Paisley, 1943, Table LI). 

Cheney Pont deposit.--The least important is the Cheney Pond de— 

posit, located approximately 600 feet south of Cheney Pond, and about 2 

miles southwest of the Sanford Hill deposit. This lens of ilmenite and 

magnetite within gabbro is finer grained and contains more g6,ngue than 

most bodies within gabbro. Singewald (1913b, p. 63) states that the 

deposit is 50 percent gangue and contains 8.2 to 15.8 percent Ti02. 

The U. S. Geological Survey in September 1942 estimated 800,00 short 

tons of indicated "ore" in this deposit (Balsley, 1943, Table 4). 

Miscellaneous Essex County deposits.--Far less promising than the 

above are numerous other occurrences of magnetite and ilmenite in Essex 

County. Singewald (1913b, p. 58-60) said the deposits were not economically 

mineable under conditions et that time because (1) they are small and 

scattered; (2) most are inaccessible to proper transportation faciliies; 

(3) most of the bodies are lean, with 25 to 50 percent gangue being common; 

(4) the deposits average only 13.6 percent Ti02, and 35.4 percent iron; 

and (5) intergrowths of macietite and ilmenite are very common. 
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The smaller 3ssex County deposits are as follows (Siageuald, 1913b, 

Th, 49—.58). The Dalton Ore deposit, situated 1 mile northwest of Feeder 

Pond and 51 miles west of Mineville, has large grains of ilmenite and con-

tains 3.9 to 11.5 percent Ti02. Two small openings known as the Little 

Pond Mines have been made north and southeast of Little Pond, and about 

2 miles southeast of Elizabethtown. The deposit, averaging 15 percent 

TiO2 , occurs as small segregations within gabbro, and has massive ilmenite 

grains and ilmenite inclusions within magnetite. The Lincoln Pond or 

Kent Mine is three quarters of a mile southwest of the lower end of Lincoln 

Pond, and 5 miles northwest of Mineville; titaniferous material here con-

tains 2.6 to 12.3 percent Ti02. The Split Eock Mine is in a cove on the 

west shore of Lake Champlain, 5 miles northeast of Westport. Lean magne-

tite-ilmenite lenses within a highly garnetlferous gabbro contain a 

maximum of 15.7 percent Ti02. The Tunnel Mountain Mines, 1 to la miles 

southeast of Little Pond, and 3i miles southeast of Elizabethtown, have 

10.6 to 16.4 percent TiO2 as small ilmenite grains and as ilmenite swarms 

within magnetite. 

Minor occurrences.--Minor deposits are reported from Mineville, where 

titaniferous magnetite within gabbro carries 20 percent TiO2 (Newland, 

1908, p. 170). An abandoned mine at Port Leyden, Lewis County, near the 

site of the old iron furnace, analyzed 9.3 percent TiO2 and 52.7 percent 

Pe 04 (Newland, 1908, p. 168-169). Titanium-bearing magnetites of the 

Cortlandt series of gabbroic rocks near Peekskill contain 0.2 to 4.2 

percent TiO2 (Singewald, 1913b, r. 46-47). 
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North Carolina 

North Carolina produced from 1944 to 1950 inclusive approximately 

164,000 short tons of ilmenite concentrates, and with Virginia accounted 

for less than one fourth of the country's total production (Cseenyak, 

1953, p. 1231). The ilmenite and magnetite bodies are associated with 

dark talcose schist and gneiss that are the result of metamorphism of 

lunitA, amphibolite, olivine gabbro and other basic rocks (Bayley, 1923a, 

p. 260). The only reliable published reserve estimates are by Matthews, 

Ralston, and Ross (1947, Table 38) who indicate 1 million short tons of 

ore averaging 35 percent Ti02, eamivalent to approximately 350,000 

short tons of TiO . Mining by 1950 had reduced these reserves to
2 

approximately 750,00C tons of ore. 

Yadkin Mica and Ilmenite Company deposit. Caldwell County.--The 

Yadkin Mica and Ilmenite Company, a subsidiary of the Glidden Company, 

operates the only titanium ore mine of the state at Richland Cove, Cald— 

well County, on the Yadkin River approximately 14 miles north of Lenoir. 

The ore body, eorformable with the foliation of surrounding mica schist 

and gneiss, is 2,000 feet long, 20 feet thick, and has been explored for 

500 feet down the dip. The ore is pure ilmenite with no magnetite, 

and occurs in a gangue of talc, chlorite, serpentine, and minor: rutile. 

Estimates of composition range from 50 to 70 percent ilmenite, and from 

30 to 49 percent Ti02. 
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Mining began in January 1942, ix in 1952 was producing ner year 

between 25,000 and 30,000 tons of ilmenite concentrates that averaged 51 

percent Ti02. McMurray (1944) seIs that ore analyzing 41.4 percent T102, 

32.7 percent FeO, and 14.9 percent insolubles is treated by grinding and 

froth flotation to separate the ilmenite from the "sericite tele gangue." 

This produces a concentrate having 53.8 percent Ti02, 39.4 percent Fe0, 

and 4.8 percent insolubies, with an ilmenite recovery of 80 percent. The 

only published reserve information is by Greaves-Walker (1945, p. 29) 

who says, "It is estimated that this deposit contains a reserve of several 

million tons (Stuckey, J. L., personal communication)." 

Titaniferous magnetite deposits.---Deposits of ilmenite end 'magnetite 

in the mountains and niedmont of North Cerolina are described by *Bayley 

(1923a, 1923b), and Singewald (1913b, n. 80-93). The ilmenite, ilmenite-

magnetite, magnetite-rutile, or ilmenite-rutile bodies contain. 4.5 to 39 

percent Ti02 , ard 25.7 to 65 percent iron. They occur as veins or dikes 

cutting through dark talc-bearing schist, chlorite, and serpentine, and 

outcrop in lines or belts parallel to the regional structure (Bayley, 1923a, 

"P. 250, 258-259). They are simi2ar to other titanium-bearing ores in 

gabbros (see 3and 815), except that they have been altered by meta,-

morohism. The best deposits are in a 30-mile long belt which trends 

northeasterly across Guilford County, northwest of Greensboro, end passes 

into Davidson end -Poekingham Counties on either side. Three old workings 

in this belt provide information about the character of the rocks. They 

are the Tuscarora Mine, half a mile north of Friendship; the Trueblood 
Plantation Workings, northeast of the Tuscarora Mine and on the south 
side of Brushy Creek; and the Dannemora Mine about 3 miles west of Summer-
field. on the north side of the Raw River. Other deposits, all small, are 
found in Allegheny, Ashe, Avery, Caldwell, Catawba, Davie, Lircoln, Macon, 
Madison, Mitchell, and Yancey Counties. 

135 



Beach and placer deposits.--During 1946 the E. I. duPont de Nemours 

and Co., Inc. prospected the beach and under—water deposits of Albermarle 

Sound for ilmenite, and. in July 1951 the National Lead Company was drilling 

beach sands in Dare County in search of ilmenite. According to .engineering 

and Mining Journal (1952, v. 153, nc. 3, p. 138) the "North Carolina 

Board of Conservation and Development granted a 10—year lease to Burnup 

and Sims, Inc., of West Palm Beach, Florida, for exclusive mining privileges 

of ilmenite and other mineral sand deposits along shoreline and under 

waters of Albermarle Sound." 

A residual rutile deposit. 31- miles east of Hayesville, near 

Shooting Creek in Clay County was under development in 1941, and supposedly 

was a source of rutile shipments in 1921 (Matthews, 1943b, p. 813). The 

rutile occurred over several hundred acres, which, according to Gillson 

(1949, p. 1061)/averaged "about 50 lb of ilmenite and rutile to the4 

yard". The property was condemned in 1941 by the Tennessee Valley 

Authority for its Chatuge Dam project. 
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Oklahoma 

The Wichita Mountains contain bodies of ilmenite and magnetite that 

are associated with anorthosite and gabbro in Kiowa and Comanche Counties. 

Trenching and sampling indicate that the titaniferous bodies are limited 

in size, discontinuous, and lean. Ilmenite occurs as nsmall crystals 

with rectangular outline,“ as irregular elongated grains, and as inter— 

growths up to 1 millimeter long within magnetite. Although selected hand 

samples contain 10.9 to 16.0 percent Ti02, two samples of typical titanium— 

bearing material contain 4./1 and 5.2 percent TiO2 (Merritt, 1940). There 

are no reserve estimates. 

Oregon. 

Although titanium minerals occur in Oregon in sands along the coast 

and in ferruginous laterites developed on basalts, titanium ore has 

never been produced. Reconnaissance surveys by Twenhofel discovered about 

25,000 short tons of ilmenite and chromite in the beach sands. Investiga— 

tion of laterites revealed 6.5 million short tons of material that contained 

321,000 short tons of Ti02. 
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Coastal sands.--?lack sands are abundant alone. the coast of °refer, 

end contain considerable ilmenite and chromite in ncldition to other heavy 

minerals„ South of Coos BeLy the deposits contain a large proportion of 

chromite relatiee to ilmenite, but north of the bey the chromite to 

ilmenite ratio decreases, North of Tillamook Head ilmenite is in excess 

of chromite, and no appreciable amoirct of the lattee mineral is present 

(Twenhofel, 1946b, o. 62). Although in 19143 chromite concentrates were 

comeerciall produced from sand along the southwestern coast, the -era— 

auction of ilmenite concentrates less found impossible. This confirmed 

previous studies by the U. S. Bureau. of Mines that claimed the economic 

separation of ilmenite concentrates from these sands would not be feasible 

(Dasher and others, 1942, p. 19). 

The better beach black sand deposits on the coast south of Coos Pay 

are listed by INeenhofel (1943, p. 7) as follows: (1) near the mouths of 

Ntrers Creek and Pistol River; (2) in the bay between Cale Sebastian and 

Crook Point; (3) around the mouth of Rogue River; (LI) near the mouth cf 

luchre Creek, south of the headland of Sisters Rocks; (5) in the bay south 

of the Heads at Port Orford; (6) south of Cape Elanco, where Griggs 

(1945, p. 124) notes 5.6 percent ilmenite; and (7) around the mouth of 

Five Mile Creak. The terre.ces cast of this area contain numerous erospects 

and mines which in places contain as much as 65 percent coeibined ilmenite 

and chromite, such as at the Butler and Madden Mines (Nenhofel, 191 6a, 

201-205). 
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Information on reserves and grade of some of the better beach deposits 

north of Coos Bay is given by Twenhofel (19146b, p. 17-52) as follows: 

(1)Heceta. Beach, south of Sutton Creek, 3,500 tons of ilmenite and chromite; 

(2)near China Creek at Muriel 0. Ponsler Memorial Wayside Park, 12.4 to 

b6.9 percent ilmenite and chromite; (3) Newport Beach adjacent to the 

runicipal pavilion, 2,750 tons of ilmenite and chromite; (4) Big Creek 

Bay, just north of Newport, 12,800 tons of ilmenite and chromite; (5) dune 

deposits on the south side of Taquina Bay, 6,300 tons of ilmenite and 

chromite; (6) north side of Netarts Bay, )J4 percent ilmenite and chromite; 

(7) Trestle Bay on the mouth of the Columbia River, 15,000 to 30,000 cubic 

yards of sand which contains 15 percent ilmenite; and (8) Sand Island in 

the mouth of the Columbia River, "thousands of tons of magnetic black sands." 

Ferruinoue laterite deposits.--Ferruginous laterites are developed 

on the basalts in parts of western Oregon, and may contain appreciable 

amounts of titanium. The high content of titanium resulted from Tertiary 

weathering and decomposition of the upper portion of Miocene basalts, 

during which the more soluble magnetite and silicates were removed, but 
Si, 19-80 

the more resistant ilmenite was relatively unaffected (see p.A and II ). 

The laterites contain 1.49 to 6.11 percent TiO2 in Columbia, Multnomah, 

and Waehington Counties, and 1.00 to 5.25 percent TiO2 in Marion and Polk 

Counties (Libbey, Lowry, and Mason, 1945, p. 22-23, 75-81). 
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The U. S. Geological Survey and the U. S. Bureau of Mines in a 

preliminary investigation in Columbia Co7anty near St. Helens during the 

summer of 1945 discovered approximately 950,000 short tons of laterites 

(more than half of which is inferred), with an average composition of 

5 percent Ti02, 31 percent A1203, 21 percent Fe, and 12 percent Si02 

(Libbey, Lowry, and Mason, 1946, p. 258-259). A. breakdown by deposits 

is as follows (Bell, 1945): (1) Yankton area, 225,000 short dry tons of 

laterite containing 11,200 short tons of Ti02; (2) Alder Creek, 669,000 

Short dry tons of laterite containing 35,600 short tons of Ti02; and 

(3) Cater Road, 56,000 short dry tons of laterite containing 2,800 short 

tons of T102. 

Washington County supposedly contains more than 5.6 million short 

tons of ferruginous bauxite which analyzes 4.85 percent Ti02, 34.69 

percent A1203, 23.12 percent Fe, and 9.48 percent Si02 (Libbey, Lowry, 

and Mason, 1946, p. 246). 
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Pennsylvania 

Prior to the opening of the Virginia rutile deposits in 1901, 

Pennsylvania was the principal source of rutile in this country, with 

a production of a few hundred pounds of rutile annually. Most of it came 

from Chester County, where it iss uncovered as chunks in plowed fields. 

The primary deposits from which the rutile originated were minor concen— 

trations in the lower Paleozoic limestones and quartzites (Watson and 

Taber, 1913, p. 21-22). 

Minor deposits of titaniferous magnetite containing 3 to 6 percent 

TiO2 occur in Bucks County south of Zaston near the town of Durham 

(Bayley, 1941, p. 77). 

Rhode Island 

A large deposit of ilmenite—magnetite occurs at Iron Mine Hill in 

the town of Cumberland, about 3 miles east of Woonsocket in the north-

eastern corner of Rhode Island. Numerous attempts were made during the 

nineteenth century to use the ore as a source of iron, but all were un— 

successful because of the high titanium content. 
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The titaniferous body is 1,200 feet long, 500 to 6C0 feet wide, 

and is apparently associated with coarse-grained gabbro which crops out 

about 350 yards away (Johnson and Warren, 1908, p. 6-8). The princi:pal 

material in the deposit is cumberlandite, e mixture of olivine and labra-

dorite embedded in a fine-grained matrix of ilmenite and magnetite. 

The opaque minerals have a maximum diameter of 2 mm and for the most 

part are largely intergrown with one another (see p. ). Nine analyses 

of "ore" show an average of 9.8 percent TiO2 and 33.4 percent iron 

(Singewald, 1913b, p. 44). It is doubtful if this ore could be success-

fully beneficiated by ore dressing, for preliminary investigation by the 

U. S. Bureau of Mines shows that by grinding to 100 mesh the ore can be 

separated from the gangue, but that even finer grinding will not suffice 

to separate the ilmenite from the magnetite. 
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Texas 

Only two deposits in Texas have been cit,,A. as sources of titanium, 

rut neither is commercially important. The Mueller prospect in the 

Medley district of south central Jeff Davis County, about 20 miles south— 

west of Fort Davis, contains minute crystals and patches of rutile that 

are disseminated through hard silicified tuffs and ashes and locally 

concentrated in shear zones. Beneficiation tests by the U. S. Bureau of 

Mines cn samples analyzing 11 to 34 percent TiC2 showed that by flotation 

and gravity it was possible to concentrate a sample containing 34 percent 

TIO to an 87 percent TiO product and with a recovery of 67 percent
2 2 

(U. S. Bureau of Mines, 1942, Pept. Inv. 3628, Ti. 32-33). Vogel (1942, 

P. 7) believes, however, that "there is no sufficient ore in sight in 

this prospect to warrant commercial development." 

The second deposit, at Basinger Hill in Llano County approximately 

100 miles northwest of Austin, is a large pegmatite dike Formerly on the 

west bank of the Colorado PAver but now beneath the lake made by Buchanan 

dam. 
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Vir tfinia 

Although Virginia and North Carolina accounted for less than one 

fourth of the country's titanium ore production in 1950, Virginia was 

the largest producer in this country prior to 1942. Titanium ores a.re 

now mined only in Amherst and Nelson Counties, in en area that is approximate— 

ly midway between _Lynchburg and Charlottesville, and about 75 miles west 

of Richmond. Reserves in 1947 were estimated at 26,000,000 short tons 

of ilmenite ore, and 5,330,000 short tons of rutile ore, both containing 

a total of 5,150,000 short tons of TiO2 (Matthews, Ralston, and Ross, 

1947, Table 38). 

American Cyanamid Co. Piney River deposit.---The Piney River deposit 

of the Calco Chemical Division of the American 0:,-anamid Co ,any was the 

only active Laina in 1952r. It is located on the south side of Piney River 

between Roseville and Roses Mill. The deposit is one of the dikelike 

bodies of nelsonite which occurs within an anortnosIte zone that trends 

northeasterly across Amherst and Nelson Counties, nne is approximately 

19 miles long by 2 to 6 miles wide. For furthur geologic information 

see p. 42, 67, and 89. 



 

The property was first developed in 1930 hI the Southern Mineral 

Products Corporation, and was acquired in 1945 by the American ayanami:, 

Company. The ore body of nelsonite contains ilmenite, apatite, rutile, 

and accessory silicates; average grade is 17 percent TiO in the weathered
2 

surface zones, and about 14 percent TiO2 in the fresh portions (Gibson, 

1949, p. 1050). Open pit mining on the upper oxidized layers of the de— 

posit yielded approximately 170,000 tons of crude ore per year prior to 

1949 (Cross, 1949, p.123). Initial concentration of the ground nelsonite 

ore in Humphreys spirals is followed by bulk flotation to separate the 

ilmenite and apatite from the silicates. Final seraration of the ilmenite 

from apatite is achieved by selective flotation as a froth concentrate. 

Although the literature contains no information of the amount of titanium 

in these concentrates, 1;:oeviowl methods 1:,rolioed concentreltoo with 

',2.5 percent TIC2 (:?evan, 1944. 

Reserve estimates are made by Bevan (1942) who says there are 

"4,000,000 or more tons of titanium dioxide" in the deposits, vied by 

Barksdale (1949, p. 16) who says, "This deposit, to a depth of 400 feet, 

contains 214,000,000 tons of nelsonite carrying more than 4,400,000 tons 

of titanium dioxide." 

Roseland rutile deposit.--An important oroducer of rutile t.: as the 

deposited owned by the American Rutile Company on the esEt bank of the 

Tye River, a Quarter of a mile south of Roseland. Mining of this body be— 

gan in 1902. and ceased in July 1949 when the ore bock was exhausted. The 

ore, ehich averaged 6 to 10 percent Ti02, consisted of rutile and ilmenite 

that Was disseminated throughout the same anorthosite body that contains 

the nelsonite (see r.4171,1141). By concentration a nroduct with 86 to 99 

percent TiO2 wns obtained, 
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Amherst prid Nelson Cuunies, miscellaneous deposits.--The dis— 

semiaated rutile bodies and nelsonite dikes of Amherst ,mud Nelson Coun— 

ties provide a potential source of titanium. One of the better deposits 

in this area occurs on the Warwick Farm on the north side of Piney River, 

about 14 miles northwest of Roses Mill. Starting in 1907 the General 
few 

Electric Company extracted rutile for al.years from two large nelsonite, 

bodies on this property (Watson and Taber, 1913, p. 173). Other note— 

worthy deposits and development work are as follows: several nelsonite 

bodies were developed in 1889 on Hat Creek in the vicinity of :Bryant Post 

office; the Giles Tract (three fourths of a mile northwest of ':Wseland) 

and the Quinn place (1 mile north of Roses Mill) were explored in 1894; 

the Camden Farm (2 miles northeast of Bryant) and the region around Davis 

Creek both contain leen nelsonite bodies; and exploration work in 1903 

on the Shelton Farm (on the west side of Tye River 1 mile above Roseland) 

and on many orooerties between Bryant and Roses Mill exposed many lean 

ore bodies (Watson and Taber, 1913, p. 48—'49). 

In the Lovingston district (northeqst of the central u3rtion of the 

Amherst and Nelson County area) several nelsonite bodies have been men— 

tioned for their titanium content. Watson and Taber (1913) give the 

following information on E. few of them. On the Dillard Farm, 2 miles 

southwest of Lovingston, a nelsonite dike contains 16 percent TiO (p.
2 

125). A large dike crops out just over the crest of the ridge half a mile 

west of Lovingston (p. 126. Prospecting has revealed nelsonite bodies along 

the ridge 1 3/4 miles southwest of Lovingston (p. 128). Hornblende 

nelsonite on the Shipman Farm, 3 miles north of Lovingston, contains 

13 oercent TiO2 (p. 136). 
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Goochland and Hanover Counties.--Two deposits of rutile were dis— 

covered in 1910 northwest of Richmond. One occurs on the Bowe and Brown 

Farms near Gouldin and Waldelock in Hanover County, and the other on the 

Nuckols Farm, Goochland County between Peers and Johnson Springs. Rutile 

occurs in these as 15 to 20 pound masses in soils that overlie pegmatite 

dikes thnt contain rutile, minor ilmenite, and. rarely apatite (Watson 

and Taber, 1913, p. 248-261). There are no reserve estimates. 

Roanoke County, Bush—Hutchins deposit.--In Roanoke County nelsonite 

bodies containing ilmenite, rutile, and apatite, occur on the Bush and 

Hutchins Farms, 2 miles east of Vinton and 4 miles east of Roanoke. 

Ilining in 1943 produced 8 cars of ore which were shipped to the Interlake 

Iron Company, Toledo, Ohio, and which contained 14.16 percent TiO2 and 

26,01 percent Fe. Drilling by the U. S. Bureau of Mines showed that 

nelsonite continues to a depth of 150 feet below the surface, has a 

maximum thickness of 100 feet, and contains 9.1 to 16.0 percent TiO2 

(Hickman, 1947, p. 2-3). There are no reserve estimates. 
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Minor deposits.--Numerous, small, unimportant, titanium-bearing de-

posits are found in other counties throughout the state. Rutile is 

associated with the kyanite schists at Willis Mountain in Buckingham 

County (Watson and Taber, 1931, p. 264-265). In Campbell ,:ounty 

numerous angular fragments of ilmenite and. Quartz occur on parts of the 

Hudson Farm on Highway no. 120, about 7 miles south of Lynchburg 

(Steidtmann, 1931, p. 39). Minor occurrences of rutile and ilmenite, 

similar to those in Hanover and aoochland Counties, have been noted in 

both Carroll and Grayson Counties (Pegau, 1950, p. 51-52). Minor amounts 

of rutile occur in kyanite-bearing schists of Charlotte County, approximately 

12 miles northwest of Charlotte Courthouse (Watson and 2aber, 1913, p. 

262-263). Quartz veins containing rutile and ilmenite occur in Franklin 

County 1 mile west of Teels Mill and approximately 15 miles southeast of 

Roano1.7.e (Watson, 1922, p. 447). Kyanite-bearing quartzites at Baker Moun-

tain In Prince Edward County contain 2 to 3 percent futile as scales and 

crystals that can be readily concentrated (Pegau, 1950, p. 52). The lower 

15 feet of the Lower Cambrian tJnicoi formation has one-quarter to 6-inch 

layers of black sandstone on the Robinson Gap Road, about 3 miles southeast 

of Buena Vista. These lithified placer deposits contain approximately 

50 percent rutile and ilmenite (Bloomer and DeWitt, 1941, p. 745-747). 
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Washington 

Deposits of titanium—bearing minerals in Washington are minor, and 

to date no production has been reported. Near Elma, in Grays Harbor 

County, beds of black sand are 1 to 4 feet thick, cover 2 to 3 acres, 

end reportedly contain 22 percent TiO2 and 50 percent Fe; a reconnais— 

sance survey indicates that reserves of "ore" are "known 5,000 tons, 

probable 10,000 tons, end possible 20,000 tons" (Glover, 1942, p. 7). 

Minerals Yearbook for 1941 claimed that plans were being made to work 

0
this titanium" ore (Matthews, 1943a, p. 806). Youngman (1930b, p. 17) 

indicated that black sand deposits at Sedro—Woolley in Skagit County 

contained 11 percent TiO2 and were mined in 1920 for their iron. 

In Spokane county the Excelsior clay deposit, 11 rules southeast 

of Spokane, contains 7.3 percent Ti02, 8.2 percent Fe203, and 31.1 percent 

A1203 (Sohn, 1952). A U. S. Geological Survey open—file report shows 

that this deposit calains 890,000 short tons of TiO2 (Scheid, 1946). 

Wyoming 

Deposits of ilmenite and magnetite were discovered in the Laramie 

Range of Albany County, Wyoming, in 1853, but have not been extensively 

worked, although a few shipments were made in 1897 and 1898 to a smelter 

in Pueblo, Colorado. Recent estimates by the U. S. Geological Survey 

(Newhouse and Hagncr, 1951, Table 2) showed that the largest of the deposits 

contains 9,150,000 short tons of ore; calculations base4Ln titanium content 

w 
of this ore indicate that it probably contains approximately ,300,000 

short tons of TiO . There are no other reliable reserve estimates.
2 
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Iron Mountain deposit.---The largest of three closely associated de— 

posits is the Iron Mountain body, located 47 miles by road northeast of 

Laramie, in secs. 22, 26, and 27, T. 19 N., R. 71 W., Albany County, 

Wyoming. Iron Mountain (elevation 7,450 feet) rises 660 feet above 

a transacting creek, and contains outcrops of magnetite—ilmenite bodies for 

5,000 feet along its rugged, northward—trending crest. The ilmenite— 

magnetite occurs within and near the eastern margin of a light—colored, 

medium— to coarse—grained anorthosite. Individual ilmenite—bearing 

bodies are 50 to 300 feet wide and occur as "lenses or tabular—shaped masses 

frequently arranged in discontinuous and overlapping en echelon bodies" 

(Newhouse and Hagner, 1951, p. 5). The dikelike shape and sharp contacts 

of the titaniferous bodies against the anorthosite are characteristic 

of these bodies, the mineralogy- and geology of which are discussed on 

pages 36,6440 and 8 5-86 of this report. 
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The "ore" has been divided into three grades on the basis of the 

volume percentage of the silicates (Newhouse and Hagner, 1951, o. 11-12). 

Grade one consist, of massive ilmenite—magnetite with a maximum of 35 

percent by volume of silicates, and contains 16 to 23 percent TiO2'• 

grade two consists of ilmenite—mngnetite with 35 to 65 percent by volume 

of silicates, and contains 10 to 16 percent Ti02; and grade three con— 

sists of ilmenite—magnetite with 65 to 85 percent by volume of silicates 

and contains 5 to 10 percent Ti02. The grade of "ore" is important 

in beneficiation, since the richer material contains large grains of pure 

ilmenite and magnetite, whereas the leaner material has many inclusions 

of ilmenite within magnetite. Preliminary crushing and magnetic separa— 

tion tests by Singewald (1913b, p. 124-125) indicated that the character 

of the intergrowths in tht leaner material makes it difficult to obtain 

good titanium concentrates. A change in the chemical composition of the 

opaque minerras was found to accompany a change in the grade of the nore", 

end led Newhouse and Hagner (1951, p. 14) to conclude that the poorer 

grades of "ore" contained a larger ratio of iron o titanium within the 

ilmenite than did the richer grades. 

Reserves for the Iron Mountain area have been determined by Newhouse 

and Hagner (1951, Table 2) on the basic of their geologic map and drilling 

and assaying by the U. S. Bureau of Mines (Frey, 1946b). Total reserves 

are 9,150,000 short tons of "ore, divided as folLpws: northern block 

("ore" above 6,903 feet), 5,200,000 short tons; southern block ("ore" 

above 6,600 feet), 3,450,000 short tons; small lenses and masses, 500,000 

short tons. A breakdown by grade is given in table 9. 
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Table 9. Estimated reserves at Iron Mountain, Wyoming 

Short tons 

Grade 1 Grade 2 Grade 3 Total for all 
grades 

Percent I Percent Percent 
TiO2 16 to 23 TiO2 10 to 16 TiO2 5 to 10 
Fe 42 to 50 Fe 30 to 42 Fe 18 to 30 

1 V205 0.50 , V205 0.36 0.17V205 

Northern area 

Indicated 1,2n0,000 1,280,000 700,000 3,180,000 

Inferred 70,000 780,000 1,170,000 2,020,000 

Southern area 

Indicated 1,700,000 320,000 200,000 2,220,000 

Inferred 430,000 430,000 370,000 1,230,000 

Small miscellaneous 

Masses 

Indicated 100,000 100,000 

Inferred 100,000 100,000 200,000 400,000 

Totals 

Indicated 3,000,000 1,600,000 900,000 5,500,000 

Inferred 600,000 1,310,000 1,740,000 3,650,000 

9,150,000 
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Shanton end Taylor deposits.--The Shanton deposit, 4 miles southeast 

of Iron Mountain in the 144SWi sec. 8, T. 18 N., R. 71 W., is essentially 

I I,
similar to Iron Mountain. Analyses of massive ore  show 20 percent Ti0 2' 

and 52 percent iron (Newhouse and Hagner, 1951, Table 1). The Taylor 

deposit in the Sr sec. 35, T. 21 N., R. 71 W., contains massive dlorel with 

31 percent TiO2 and 47 percent iron (Newhouse and Hagner, 1951. Table 1), 

ito 0
and lean re with 5 percent Ti02, 32 percent iron, and 13 percent 2205 

(Diemer, 1941, p. 14). There are no reserve estimates for eithel7 of 

these deposits. More detail'id descriptions of these deposits are given 

by Diemer (1941), Frey (1946a), Newhouse and Hagner (1951), and Singewald 

(1913b). 
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Canada 

Canada became one of the foremost producers of titanium ore in the 

world when shipments began in July 1950 from a large ilmenite—hamatite 

ore body at Allard Lake, Quebec. For many years small shipments have been 

made fro;:, two smaller deposits in Quebec at Ivry and St. Urbaill, Total 

Cenadian production (all from Quebec) from 1941 to 1950 inclusive was 

230,634 metric tons of ilmenite concentrates. Most of the Canadian de— 

posits coAtein ilmenite in association with onorthosite and. gal)bro massifs. 

Estimates of reserves range froia 117.3 to 205.3 million short tons of 

n 
ore

A
containing 36.7 to 75.9 mil] ion short tons of TiO2. 

Quebec 

Quebec contains the larcest and most important titaniferous deposits 

in Canada. Tha principal deposit is the relay opened Allard Lake deposit; 

minor production has occurred at Ivry end St. Urbain. 
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Allard Lake.--The .Ward Lake deposit is owned by the Quebec Iron 

bnd Titanium Corporation, a jointly owned subsidiery of the Kennecott 

Copper Corporati(1_ tnd the New Jersey Zinc Company. It is located on 

Tio and Ano Lakes, 3 miles east of Allard Lake, a mile south of Petit— 

Pas Lake, and 28 miles north of Havre St. Pierre, This latter town is 

on the north shore of the Gulf of Saint Lawrence, about 400 miles down— 

stream from Que'pcc City. and north of Anticosti Island. The ore consists 

of ilmenite with approxiwately 15 percent hematite at3 vicroscopical)z, 

smalltlades,andusuallyaverages35to36percentTiO_and 36 to 40
2 

1percent Fe, It occurs as large dikes and lense withir a larger 

anorthosite and gabbro complex (see p.34,59-0and85-8). The largest 

ore body is 3,600 feet long by 3,400 feet wide, covers 136 acres, end 

extends to at lest 300 feet in depth; a smal_ol one neasures 1,240 feet 

by 74C feet on the surface and extends to 200 feet in depth (Knoerr, 1952, 

P. 75). 

The presence of commercial cuantities of titanium ore was indicated 

in the summer of 1941 during a geological reconnaissance of this area by 

J. A. Petty(Retty, 1944). Kennecott Copper Corporbtion explored a large 

area surrounding the deposit more completely in 1944, and in 1946 end 

1947 outlined the known ore bodies by more detailed exploration and drill— 

ing, Development work began in 1948 by the Quebec Iron and Titanium Corpora— 

tion, and by July 1950 the first shipment of ore was made from the docks 

at Havre St. Pierre. Ore at present is mined at AAcrd Lake and shipped by 

rail 27 miles to Havre St, Pierre where it is crushed preparatory to loading 
in vessels, bat eventually ore crushing facilities will be installed at 
Allard Lake. From Havre St. Pierre the ore is shipped to Sorel, 50 miles 
downstream from Montreal, where electriv,1 furnaces produce a "non—speci— 
fication steel and a slue, which contains 70 percent 7102. 
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The September 1951 rate of production at Allard Lake was 2,800 

tons of ore per day, and at Sorel 200 tone of titanium—rich slag and 100 

- cns of pig iron (Knoerr, 1951, p. 75). During the first comrlete year 

of opertition in 1951 the mine produced 383,000 short tons of ore End 

shipped 372,000 short tons to the refinery at Sorel (Eng. and Mining 

Jour., 1952, v. 153, no. 5, p. 134); average grade was 35 to 36 percent 

:102 and 40 to 42 percent Fe. Future plans call for the mining of 3,000 

tons of ore per day at Allard Lake, and an annual rroduction at Sorel cf 

175,000 long tons of "non—specification" steel, and 250,000 long tons of 

slag containing 70 percent Ti02. 

Estimates of reservew of all the deposits at Allard Lake range from 

112 million short tons of ore containing 32 percent Ti02 1949, 

19.119),t0 200nialiorishorttorisaveraging35 -percentTiO,
4
... (Goodwin, 

1951, p. 53). 

St....Urbain Charlevoix County.--Scattered t itaniferous deposits 

oct(lhr west of St. Urbain, Charlevoix County, approximately 8 miles north 

of Bale St. Paul, and 60 miles northeast of Quebec City. Total production 

of ilmenite concentrates from 1924 to 1950 inclusive has been 180,206 

short tons, with maximum production of 69,L137 tons in 1943. There are 

no reserve estimates. 
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The deposits of ilmenite with minor hematite lie within an oval 

anorthosite mass that is 18 miles long by 9 miles wiat.i. One deposit 

contains as much es 20 percent rutile in places. The richest bodies 

are approximately 2 miles southwest of St. Urbair in an area li miles 

in diameter near the boundary between the St. Urbain Range and the St. 

Jerome Range. Two smaller deposits, about a quarter of a mile apart, 

lio-8 mile north of St. Urbain and three fourths of a mile west of Lake 

Ontario, and another small deposit occurs 2 miles farther east of these. 

Analyses of material from some of the deposits are as follows 

(Robinson, 1922, p. 141-53): General Electric Mine (the only rutile—tearing 

deposit), 41.6 to 53,L percent TiC2 and 26.5 to 4/4 .5 percent Fe; 

Touchard1 s Mine, 32.9 percent TiO2 and 36.9 percent Fe; Coulomb Mine, 35.5 

to 41.0 percent TiO2 and 51-5 to 55.1 percent Fe0; the Purnace Mine. 38.0 

to 40.5 percent T102 End 44.1 to 45.5 percent Fe; and the Prospect, 

38.3 percent TiO2 and 55.4 percent Fe0,. Deposits on the Quebec Seminary 

Lands, 18 to 19 miles north of St. Urtain,contain approximately 32 percent 

TiO2 and 64 percent Fe0, Deposits for which no analscs are available 

include the BignelL Prospect, a deposit on Lot 641 in the St. Thomas 

range, and a deposit in the Recharge ra_]te on the east tank of the river 

Gouffre, 

Although E. I. duPont de Nemours and Co., Inc. investigated. the area. 

in 1930 and 1931 they never did any development work. 
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Ivry Mine.--The Ivry Mine, Beresfortl Township, Terrebonne County, 

is loceted 2 miles west—southwest of the Ivry railroae station, near 

St. Agethe, and approl:Imately 55 mile:, northwest of Montreal. During 

1912 to 1918 approximately 16, CC) tons of concentrates were shipped 

to Niagara. Falls, N. Y. to make ferrotitanium, and between 1927 and 

1935, 50C tons of concentrates were shipped for experimente.a purposes. 

The deposit of ilmenite with small, included laths of hematite 

consists of three separate bodies within massive anorthosite of the 

Morit series. Analyses indicate that the titaniferous portions contain 

18.2 to 19.9 nercent Ti, and 42,8 to 148.0 percent Fe (Osborne, 1936, 

p. 77). 

Terrebonne Titanium Compam.--In the latter part of 1951 interest was 

shown over the supposedly large titanium ore body of the Terrebonne 

Titanium Company neer the village of St. Yarelerite, about 55 miles from 

Montreal. Tests of material collected from the surface to depths of 250 

aad 1450 feet contained an average of 17.1 percent TiO and 22.4 percent
2 

Fe (American Metal Market, 1952). Since the location of this deposit 

Is not accurtLtely given, it pay be the same as the Ivry deposit. 
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Suer .y River deposit. Chicoutimi district.--Bodies of ilmenite and 

magnetite occur on the north bank of the Saguenay River in Bourget Town— 

ship, Chicoutimi district, about 1 miles west of St. Charles Village and 

15 miles below the outlet of Lake St. John. The bodies are irregularly 

distributed as dikes and lenses within anorthosite and gabbro and crop 

out over an area of about 2,200 by 1,500 feet. Preliminary magnetic 

separation tests indicate that mechanical separation is difficult be— 

cause the magnetite and ilmenite form such fine intergrowths. 

Denis (1925, p. 87) stated! that five samplos contained 7.4 to 13.4 

percent Ti and 33.8 to 52.1 percent Fe, end Dulieux (1913, p. 88) indicated 

that the deposit contains about 5 million tons of "ore" with an average 

grade of 16.7 percent TiO2 and 50.5 percent Fe. 

Bay of Seven Islands region.--Ilmenite—magnetite bodies occur near. 

the Bay of Seven Islands (also called Sept—Iles Bay) on the northern shore 

of the St. Lawrence River, approximately 320 miles northeast of Quebec 

City. The lenses of magnetite and ilmenite are a m4Kimum of 80 feet 

long e.na 15 feet thick, but more commonly average about 2 feet thick. 

They occur only within the gabbroic portions of an anorthosite—gabbro 
have 

complex. The depositonever been mined. 

259 



The deposits occur in two Lrouos, one alonc: the St. Marguerite River, 

and the other alcnE the Riviere deE. Papides. The best deposit (II the 

St. Marguerite Fiver is approximately half a mile below the fails at 

Clarke City aid. contains rouchly 10,000 tons of "ore" averaging 20 .per— 
in 

cent Ti02 rj'ich, small, disconnected bodies (Faessler and Schwartz, 1941, 

D. 720). Ancther smaller deposit occurs half a mile above the dam and 

contained in two samples 15 and 19 percent Ti02, and 39 and 58 percent 

7e (.Tobinson, 1922, p. 65). 

Along the Riviere des Rat: ides the best deposit occurs at the Molson 

rdne, about three fourths of a mile above the month of the river. Con— 

centretion tests on material from this mine show "that it is rot feasible 

to cbtzlin a substantially titanium—free co.acentrate from this ore; but 

that a very pure ilmenite product can be made by magnetic separstioa" 

(Robinson, 1922, p. 64). The deposit is estimated by Faessler and 

Schwartz (1941, p. 721) to contain 300,000 tons of "ore" carrying 21 to 

26 percent TiO and 50 to 52 percent Fe. Other deposits of minor im—
2 OvAcx.rele. 

portc.nce on this river include the 41fttrTid* Falls deposit 1i miles above 

the Molson Mine, and the Gagnon deposit near the mouth of the river 

(Robinson, 1922, p. 64). 
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Minor deposits.--Idnor occurrences of titanium-bearing deposits in 

quebec that were described by Robinson (1922, p. 58-72) are as follows: 

3aeuce County at Beauceville; Chicoutimi County in Kenagami Township; 

Hull and Pontiac Counties in Bristol, Clarendon, Hull, Litchfield, and 

Templeton Townships; Tpke St. John County on the Ile DIA3ma; St. Maurice 

County at St. Boniface be Shawinigen; Terreboare County, the Descrosbois 

deposit in Beresford Township; along the north shore of the St. Lawrence 

River near the mouth of the Chaloupe River, 60 miles east of the Bay of 

Seven Islands; and near the mouth of the Thunder River where it empties 

into the St. Lawrence River, about 75 miles east of the Bay of Seven 

Islands. It is reported (Anonymcdus, 1951b, p. 33) that sandc along 2,000 

feet of beach between Pointe Natashquan and Mt. Joli (on the north shore 

of the St. Lawrence, north of the eastern end of Anticcsti Island) contain 

30 million tons of sand which yield more than 6.5 percent megnetic concen-

trates. Samples at the mouth of the Natashquar River reportedly contaired 

19 percent Fe and 5 percent Ti02. 

Ontario 

Titanium ores have not been produced in Ontario, and the only large 

deposit is located in the Rainy River district. Small titaniferous magne-

tite bodies ire found at Hinchinbrooke and Bedford Townships of Frontenac 

County, at Glamorgan and Minden Townships in Haliburton County, at Tudo 

and Lake Townships in Leeds County, at Angus Township in the Niple sing 

district, and at Blithfield and Horton Townships in Renfrew County 

(Robinson, 1922, p. 72-83). 
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Seine Bay deposit, Rainy River district.--In the Rainy River district 

of southwestern Ontario a narrow belt of ilmenite—manetite deposits ex— 

tends for 14 miles along the northern shores of Seine Bay and Bad. Vermillion 

Lake, not far from Mine Centre. The hornblende gabbro with which the bodies 

are associated has intruded the greenstone, schist, felsit?, end agglomerate 

of the Keewatin series. The flattened, lenticular ilmenite—mn&leLite 

bodies have a maximni length of 100 feet, a maximum width of 62 feet, and 

are Darallel to the regional foliation of the host rock. Preliminary 

teneficiation tests showed that it was impossible to obtain either good 

titanium or iron concentrates from ore which analyzed 6 to 26 percent TiO2 

end 33 to 45 percent Fe (Parsons and others, 1934). Analyses of 21 samples 

from outcrops and drill cores show 6.8 to 28.1 percent TiO2 and 25.0 to 

50.0 percent Fe (Robinson, 1922, p. 85-86), There are vo reserve estimates 

and there has never been any production. 

Miscellaneous deposits 

In Alberta, titaniferous magnetites occur in sandstones near Burrnis, 

just east of Crowsnest Pass, and are probably the northern continuation 

of the Iron—bearing sandstones of :Montana, 

In Newfoundland large deposits of titeotiferous !lagnetito occur rat 

Steel Mountain, Porte aux Basques, and reportedly contain 4 to 16 percent 

TiO and 65 percent Fe (Gmelin Institut, 1951, p. 62; imperial Mineral 

Resources Bureau, 1922, pt. 3, p. 1D1), 
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Africa 

Production in Africa from 1941 to 1950 inclusive was 41,449 metric 

tons of ilmenite concentrates in Egypt and Senegal (French West Africa), 

and 14,720 metric tons of rutile concentrates from French Oameroons and 

French Equatorial Africa. Reserve information is available for only a 

few of the deposits and indicates that the continent contains an estimated 

3,741 million short tons of "ore" containing L73 to 653 million short tons 

TiC,. 

The principal depositE occur in Egypt, French Cameroons, French West 

Africa, MadaLLscar, Mozambique, Sierra Leone, and the Union of South 

Africa; minor deposits occur in Algeria, Belgian Congo, French Equatorial 

Africa, Gold Coast, Nyasaland, Tanalnyika, and Uganda. 

Algeria 

It was reported that the Keddarans Mine of the Palestrc district in 

•Algeria produced 1,475 metric tons of titanium—zirconium concentrates in 

the first four months of 1942 (Matthews, 1943b, 817), but no further 

information about tlds could be found. Sand dunes near Biskra in northeast 

Algeria are reportedly rich In ilmenite and magnetite, ;Tet no indication 

of grade or tonnage is given (Bellair, 1940). Numerous bodies cf 

and titbniferous magnctite Are associated with various basic intrusives 

Algeria, but so little work has been done on them, that their value 

cannot be determined (Dalloni. 1939. P. 35-67). 
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Belgian Congo 

In the 3elgian Congo ilnenite and ruti1 are commoniLr associated with 

gold anti 6iamc):f.d deposits. Mineable concentrations of rutile occur in 

vein and alluvial deposits southwest of Lake Albert, and in the Katanga 

region of southern Congo (H%-e and Egoroff, 1948, p. 35). Minerals 

Yearbook for 1937 says "a Kilo—Moto subsidiary has recovered white pigment 

from titanium—tin concentrates mined in the northern part of the Belgian 

Congo" (Tyler, 1938, n. 684); no further information could be obtained 

about this deposit. 
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The production of ilmenite concentrates in Egypt has been small 

Rnd intermittent, totaling only 3,390 metric tons from 1941 to 1950 

inclusive. The only reserve information is a very generalized statement 

by Herlihy (1946, p. 346) who says in speaking of the entire country, 

"there are hundreds of thousands of tons of ilmenite." 

The only production comes from sands of the Nile River delta, 

near the mouths of the Damietta and Rosetta branches. The mined sand 

contains 40 to 45 percent ilmenite, 20 to 25 percent titaniferous magne— 

tite, 10 to 12 percent zircon, and minor amounts of other heavy minerals 

(U. S. Bureau of Mines, 1945, Mineral Trade Notes, v. 21, no. 4, p. 16-17). 

A preliminary electromagnetic separation of the sand at the mine site is 

followed by further treatment at Alexandria and yields concentrates of 

ilmenite, magnetite, and zircon. 

A titanium—bearing deposit occurs near the well of El Ranga on the 

Red Sea Coast at 24° 25' N., and 35° 131 E., about 475 miles southeasterly 

from Cairo. According to Hume (1937, D. 650) the titaniferous iron de— 

posit occurs within a hypersthenc—gabbro country rock, and contains ap— 

proximately the same amount of ilmenite as other titaniferous iron ores 

throughout the world. Selected hand samples "assayed 94 and 86 percent 

Fe0Ti02, 3 and 8 percent Fe304, and 49.75 and 46.10 percent Ti02" ;U. S. 

Bureau of Mines, Mineral Trade Notes, v. 21, no. 4, p. 17). 
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French Cameroons 

Residual and placer deposits of rutile in the French Cameroonu 

heve produced 14,714 metric tons of rutile concentrates (92 to 95 

percent Ti02) in operations from 1941 to 1950 inclusive. Unfortunate— 

ly there is very little information about individual operations, as most 

reports are of a general nature. Residual deposits are the most common 

source of rutile, and usually contttin iltenorutile, magnetite, and as 

much as 50 to 70 pounds of rutile per cubic yard of decomposed surface 

material (Haugou, 1935). Those regions which are richest in rutile are: 

Banyo, Dschang, 2seka, Mbati, and Yaounde. 
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French Equatorial Africa 

In French Equatorial Africa (formerly French Congo) 6 metric tons 

of rutile concentrates were produced in 1950. The only information on 

deposits (Brustier, 1923, p. 152-153) indicates that rutile and ilmenite 

are very common in streams and residual deposits, 
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French West Africa 

Beach sands along the coast of Senegal, French West Africa, have 

produced 38,059 metric tons of ilmenite concentrates between 1941 and 

1950. Titanium—rich deposits include coastal sands and residual deposits 

in Senegal, Ivory Coast, and Dahomey, and primary deposits in Dahomey. 

Reserve estimates are lacking for all the deposits. 

Senegal beach deposits.--Detailed information is lacking about 

mining operations, but probably all production has been in sands that 

occur along the beach that extends 150 miles southward from Dakar. In 

this sector the following three areas contain significant amounts of 

black sand: (1) Layers of black sand are abundant on the beach near 

Rufisque (about 13 miles east of Dakar). One rich, persistent layer 

occurs 3 to 4 feet beneath the surface of the beach, and is one half 

to 14 feet thick, (2) Between Joal and Palmarin (50 and 60 miles southeast 

of Dakar), black sand deposits occur within small, inland sand dunes that 

are associated with an old delta of the Saloum River. (3) At Casamance 

(approximately 150 miles south of Dakar) typical, rich deposits of heavy 
si1-so,74-9 awl 

mineral occur along the beaches/(see D.
A ' q417).' 

Information on mining onerations indicates that the sand ore generally 

contains 40 to 60 percent ilmenite, 20 to 25 percent quartz, and 15 to 

40 percent zircon (Arnaud, 1945, p. 97). The only analysis within the 

past 20 years shows that the ore contains 32 to 43 percent Ti02, 5 to 9 

percent FeO, and 23 to 26 percent Fe903 (Legoux and Faucheux, 1935, p. 192). 

The only information of treatment is by Blondel (1934, p. 382) who stated 

that after the sand was dried on concrete floors in the sun, it was 

magnetically separated to yield an ilmenite concentrate of 52 percent 
TiO2' 
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Senegal, minor deposits.--Minor deposits in Senegal include: (1) 

black sands in the beaches between Dakar and St. Louis, and (2) concentra-

tions with over 50 percent ilmenite in placer deposits of the KStiou-K6' 

River, near the crossing of the road from Bafoulab4 to Nioro (Legoux, 

1939, P. 93). 

Ivory Coast.- Beach sands along the western portion of the coast of 

Ivory Coast contain numerous deposits of heavy minerals, especially be-

tween the mouths of the Cavalle River on the west and the Sassandra River 

on the east. At three rich beaches within this area the sands average 

33 percent Ti02, 10 percent Fe0, 41 percent Fe203, 6 percent Zr02, and 

5 percent Si02 (Aubert de la Rue, 1927, D. 205). In Bondoukou, near the 

Gold Coast border in northern Ivory Coast, a sample from a residual sand 

deposit analyzed 19 percent TiO2 after a preliminary panning. 

Dahomey.---According to information by Chermette (1938) it appears 

that deposits in Dehomey have not been exploited, and are all small. 

The best deposit is at Couffo, close to the railroad and the sea. 

Weathered clays with disseminated ilmenite and hematite average only 35 

percent TiO2' and would require concentration if developed. Three deposits 

Birmi, Djougou, and Gouboco are approximately 250 miles north of the 

coast and consist of rutile-bearing residual deposits that have resulted 

from weathering of underlyinL gneiss and amphibolite. In northwestern 

Dahomey, near Diapaga, the Mardaga titaniferous iron deposit occurs in 

a gabbroic intrusive and averages 15 percent Ti02. Although Chermette 

(1938, F. 63) states that it contains more than a hundred thousand tons 

of ore", it probably cannot be used because it is more than 200 miles 

from the railroad. 
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Gold Coast 

Very little is known About titanium—bearing deposits in Gold Coast. 

Titaniferous magnetite deposits reportedly occur at Pudo, near Navrongo 

in the Northern Territories. Ilmenite and rutile occur in diamond— 

bearing gravels of the Birim Valley in southern Gold Coast (Anon., 

1938(?)a). 
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Madagascar 

The only production of titanium ores from Madagascar was during World 

War I when rutile was mined from quartz veins in western AmbatofinPndrahana. 

Enough rutile was mined to manufacture approximately 200 tons of smoke— 

screen material (Lacroix, 1920, p. 30). Reserves, all in the inferred 

category, are approximately 3,890,000 short tons of titaniferous material 

containing 1,045,000 short tons of Ti02. 

In southern Madagascar, near Betroka, a deposit of ilmenite and hema— 

tite averages 27 percent TiO2 (Lacroix, 1920, p. 30), and according to 

Barksdale (1949, 0. 23) contains 3,500,000 tons of "ore". Other writers 

(Ooffignier, 1922, p. 661; Robinson, 1922, p. 96) state that a certain 

deposit (location not given) was discovered in 1912 and contained 3,500,000 

metric (?) tons of "ore" averaging 40 percent Ti02; possibly these refer— 

ences all concern the same deposit. 

A residual deposit of ilmenite and magnetite occurs in the valley of 

the Vongoa, about 12 miles northeast of Miandrivazon in the Retisiriry 

region, Estimates in 1913 indicated the presence of approximately 28,715 

short tons of "ore" containing 1 to 20 percent TiO2 (Guigues, 1951, p. 74). 

Titaniferous magnetite also occurs as follows: (1) in the labradorites 

of the Volovolo in the Belay region; (2) south of Beamale in the Betroka 

region; (3) at Ankatrafay approximately 1 mile east of Androngovato; 

(4) at Lavailila; (5) at Ianakafy in the Benenitra region; and (6) nepr 

the headwaters of the Beleza River, about 2 miles east of Andranomanitsy 

(Besaire, 1948). 

The Island of Reunion, off the east coast of Madagascar, contains 

titaniferous sands (ilmenite and titaniferous magnetite) that carry as 
much as 24 percent TiO2 in the heavy portions (Blondel, 1934, p. 383). 
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Mozambique 

In Mozambique two deposits of titaniferous magnetite occur near 

Moatize (about 25 miles northwest of Tete, on the road to Blantyre, 

Nyasaland), and according to Legraye (1940, p. 170) contain "tens of 

millions of tons of ore". Both the ilmenite—magnetite lenses occur 

within anorthosite and gabbro that have intruded the gneiss of the 

Swaziland series. 

The Mawili deposit, about 11 wiles north of Moatize, contains 10 to 

13 Percent TiO2 and 50 percent Fe, but has such fine intergrowths of 

ilmenite and magnetite that it is impossible to obtain ilmenite or iron 

concentrates by electromagnetic separation. 

The Kakanga deposit is closer to Moatize, and although smaller than 

the Mawili, is amenable to magnetic separation because ilmenite and 

magnetite occur as large, individual grains. Preliminary testing yielded 

two concentrates: (1) a non—magnetic concentrate with 43 percent TiO
2' 

p.nd (2) a magnetic concentrate that weighed slightly more than half of 

the sample treated, and contained about 8 percent 1102. 
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Nyasaland 

Stream gravels of Nyasaland carry abundant ilmenite, and numerous 

primary deposits contain ilmenite and magnetite. In the Port Herald 

Hills region ilmenite— and rutile—bearing primary and residual deposits 

contain over a million tons of ilmenite. Some of the titaniferous 

Products can be concentrated to 50 percent TiO2 (Cooper, 1947, p. 8). 

Commercial development does not appebr likely hcwe7ar, since the deposits 

t.re scattered over too :i.:rEc Pr. are:). 
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Sti LE.cne 

Sierra Leone has no recorded production of titanium concentrates, 

but does contain reserves of titanium minerals. The larcest deposit 

occurs on the Sierra Leone Peninsula near Freetown. This large norite 

body (25 miles long, by 8 to 9 miles wide)contains ilmenite—magnetite 

bands that analze 15 to 18 percent TiO2 (see p.43-64anci 8-7 for a 

fuller description). Preliminary testing indicates that magnetic separa— 

tion yields an ilmenite concentrate containing 48 percent TiO2 (Pollet, 

1951). 

The black sands on the beaches near York and Hastings are derived 

from the norite body end contain as much as 46.8 percent Ti02. In 

1931 they reportedly yielded approximately 10 tons of ilmenite concen— 

trates (50 percent 1102) as r by—product of mining for tin. 
ea.s.VervN 

In the Yimi Koro Chiefdom of Wes.4eter, Sierra Leone, a by—product 

of diamond mining in gravels of the Gbobore stream near Fotingaia is a 

heavy concentrate that is rich in ilmenite (Pollet, 1937). When the 

Tonkolili River was prospected for tungsten, it was discovered that 

each cubic yard of raw gravel yielded approximately 51 pounds of 

ilmenorutile (Imperial Institute, 1944, Bull., v. 42, no. 1, p. 45). 
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Tanganyika 

In Tanganyika the largest titanium—bearing deposit occurs on Ligvnga 

Mountain in Eastern Unangwa, near -4ombe in the southern highlands. 

Titsniferous magnetite bands within anorthosite and gabbro average 12.7 

percent Ti02. Reconnaissance mapping indicates that these deposits and 

another nne approximately- 9 miles south of Tandala contain 1,344 mill ion 

short tons of "ore" (Stocklcy, 1945, p. 270). 

In the Uluguru Mountains at the upper Mbakana. Brook, about 6 miles 

south—southeast of the Hundussi crest, "blocks of rich titanic iron—ore" 

extend for "about sixty miles along the road" and contain 25.3 percent 

Ti02 (Imperial Mineral Resources Bureau, 1922, pt. 2, p. 50). 
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Union of South Africa 

although reserves of titanium in the Union of South Africa are 

approximately 2,393 million short tons of material containing 302 to 482 

Trillion short tons of Ti02, none of it has been commercially utilized. 

Transvaal_pravince.--The largest deposits occur in the Transvaal, 

where ii.xaenite—magnetite layers are associated with the Bushveld lopolith, 
-40) ‘344 

a large saucer—shaped body of basic igneous rocks (see p.),1 and 87 ). 

The deposits of ilmenite, magnetite, and maghemite occur as "persistent 

sheets or short stout lenses of solid iron ore follcwin6 None or more 

horizons in the upper part of the norite zone of the Bushveld Igneous 

Complex" (Wagner, 1928, p. 21). The layers range in length from a few 

tens of feet to 10 miler, and in thickness from 1 to 10 feet. elthough 

at Magnet Heights some bodies are as much as 20 feet thick. 

The most accessible outcrops are on the southern side of the massi 

10 to 1.5 miles north of Pretoria, near the railroad to Pietersburg. 

From this point the outcrcps can be traced westerly, and then northwesterly 

to the Pilansberg (approximately 80 miles northwest of Pretoria), from 

whence they swing northeast towards the Crocodile River, 25 miles away. 

East of the river the beds are missing because of a large fault. Near 

Potgieterust, 130 miles north—northeast of Pretoria the bends once again 

crop out. To the south of Potgieterust, in the Middleburg and Lydenburg 

areas, the bands strike south for almcst 100 miles, and then swing westerly 

along the southern side of the massif. 

176 



The titanium—tearing layers contain 8 to 24 percent TiO,) and 52 

to 60 percent Fe, but cannot be used commercially as a source of titanium 

concentrates. The fine—grained character of the ilmenite, and the 

presence of numerous, small lam.iiiae of ilmenite within mgnetite makes 

it impossible to concentrate the greater mart of this material into 

either titanium— or iron—rich fractions. 

Reserve estimates for the Magnet Heights area (10C miles east—north— 

east of Pretoria) show 560 million short tons of "ore". The entire com— 

plex contains 2,376.6 million short tons of "ore" (asEuming a depth of 

1,00; feet and an average ore tnickness of 4 feet) with 300.] to 478.2 

million short tons of TiO2 (Wagner, 1928, p. 34). 

Other occurrences in the Transvaal are minor. Small offshoots of 

the main Bushveld complex occur at Dwarsfontein t:145 and Erakfontein 

#219 where material contains 18 percent TiO2. At Kaffirskraaf, 14 miles 

west—southwest of Heidelberg, there are ccrsiderable amounts of material 

with 13 percent TiO2 (Wagner, 1928, p. 35-36). An old gabbroic intrusive 

in the Pongola beds of Eastern Transvaal near Piet Retief contains dis— 

connected veirs and lenses of titaniferous magnetite that contain 5 or 6 

percent TiO (Wagner, 1928, p. 41).
2 

Natal.--In central Natal a norite body near the junction of the 

Tugela and Mabula Rivers occupies an area 3 miles square, and contains 

layers of anorthosite and titaniferous magnetite. Most of the ilmenite 

and magnetite within these 40 to 50—foot thick layers contains numerous 

intergrowths; analyses show 9 to 20 nercent TiO2 and 42 to 54 percent Fe 

(Du Toit, 1918). Rough estimates by Wagner (192 , o. 40) indicate the 

presence of 15 million long tons of "ore." 
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Preliminary investigation of beach sands at Durban Bay on the 

coast of Natal reveals that the sands contain 5 to 90 percent cf heavy 

minerals. The heavy portion contains 83 percent ilmenite, 8 percent zir— 

con, and minor amounts of other heavy minerals. By electromagnetic 

separation it is possible to obtain an ilmenite fraction that contains 

more than 140 percent TiO2 (Partridge, 1938). 

Southwest Africa.--in 1936 and 1937 a small rutile deposit in the 

Omaruru and Karibib areas produced 74 tons of rIltile concentrates analyzing 

95 to 96 percent Ti02. The deposit occurs on the southeaEt elope of 

the Giftkuppe Inselberg (a low steep—sided hill standing on a level plain) 

at 21° 41' S.. 15° 57t E., about 6 miles by road south of Kanona. Siding, 

and 18 miles east—northeast of Karibib. Crystals of rutile occur within 

bands and pockets that are enclosed by quartz—albite country rock (see 

also p."73). Estimates of reserves in 1937 were about 128,000 tons 

of 'tore" averaging 4 percent Ti02; from this about 5,000 tons of rutile 

concentrate could be recovered. (u. S. Bureau of Mines, 19L48, Mineral 

Trade Notes, v. 26, no. 1, p. 31). 

Northeast of Windhuk in Otjisongati, titanium—rich quartz pegmatites 

of the Onjati Mountains near the headwaters of the Swakop River contain 

good crystals of rutile, apatite, magnetite, and molybdenite. Some of 

the rutile occurs as needle—shaped crystals as much as 12 inches long 

(Gmelin Institut, 1951, p. 57). 

In Khan—Grube, south of Arandis, large veins of sphene )ccur in 

the metamorphosed parts of the rock. Titanium—bearing pegmatites occur 

in the area around Rehoboth. 
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Uganda 

Ilmenite and rutile occur at numerous places in Uganda (Uganda 

Geological survey, 1942, p. 18), but since no attempt is made in the 

literature to describe the kind or grade of the deposits, they will 

not be enumerated here. 
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Asia 

Production of titanium ores in Asia during the period of 1941 to 

1950 has been 1,701,886 metric tons of ilmenite concentrates from deposits 

in China, India, and Malaya, and 9,425 metric tons of rutile concentrates 

from deposits in India. Production figures from Japan are available only 

for the period 1925 to 1946 and totaled 25,556 metric tons of ilmenite 

concentrates from low—grade deposits in Japan, in addition to an unstated 

amount from Korea. Although compilation of reserve data from individual 

countries in Asia indicates a total of only about 51 million short tons of 

"ore" and 6.6 million short tons of contained TiO2' little significance can 

be attached to these figures because some of the larger deposits, such as 

Travancore, India, and the Malayan tin deposits are not included. 
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Ceylon 

The best potential deposits in Ceylon are ilmenite-bearing black sands 

of the coast, and contain an estimated 6.4 million short tons of 

titaniferous minerals, equivalent to about 2.8 million short tons of Ti02. 

There is no record of production, although in 1951 and 1952 the Ceylon 

Government was attempting to interest companies in mining and milling the 

sands for the production of ilmenite concentrates (Mining Journal, 1952, 

v. 238, no. 6081, p. 364). 

The deposit at Pulmoddai, on the northeast coast approximately 35 

miles north of Trincomalee, is the largest black sand deposit in Ceylon 

and averages 240 feet in width, 2 to 6 feet in thickness. The deposit 

along 62 miles of beach contains an estimated 5.6 million short tans of 

black sand with 74 percent ilmenite, 15 percent rutile, and 9 percent 

zircon (Ceylon, Records of Department of Mineralogy, 1944, P. 4, 8). 

One analysis of the "ilmenite" shows that it contains 62.5 percent Ti02, 

16.5 percent Fe203, and 5.9 percent Fe0 (Ceylon, Records of Department 

of Mineralogy, 1944, p. 4), and must therefore be partially altered 
44-50 

(see p.1 41 1-0/andA ). A similar deposit along 3 miles of the coast near 

Tirukkovil on the southeast coast, 45 miles south of Batticoloa, con-

tains 560,000 short tons of ilmenite (Ceylon, Records of Department of 

Mineralogy, 1944, P. 8). 

Deposits on the west coast of Ceylon average 10 to 30 percent ilmenite, 

and in a few places contain as much as 50 percent. T'ie beet deposits are 

as follows: (1) near the mouth of the Kelani River, north of Colombo; 

(2) near the mouths of the Kalu and 14odaragam Rivers; (3) at Kudremalai 

Point, 40 miles south of Mannar; (4) at Negombo; and (5) at Induruwa on 

the southwest coast. 



China 

In China the only titanium-hearing deposits cited in the literature 

are titaniferous magnetite deposits in the Luanping and Chen Te districts 

of Jehol Province, Manchuria. These deposits produced 4,423 metric tons 

of ilmenite concentrates (35.3 percent TiO ) during three years of opera-
2 

tion by the Japanese during World War II (U. S. Bureau of Mines, 1948, 

Foreign Minerals Survey, v. 2, no. 7, p. 65). This production required 

the mining of 197,359 metric tons of ore analyzing 10.2 percent TiO2 and 

45.1 percent Fe. One of these deposits at Chi-chia-tzu (41°10'N., 

117°42'E.) contains coarsely granular ilmenite and magnetite within gabbro 

and anorthosite, and averages 12 percent TiO and 53 percent Fe (Tsuru,
2 

1934, p. 318). Because numerous microscopically small laths of ilmenite 

are included within the magnetite, neither pure ilmenite nor magnetite 

concentrates can be readily obtained. 



India 

India was the world's largest producer of titanium ores, until in-

sufficient shipping during World -var II decreased exports. All produc-

tion has come from beach sands of Travancore itate, and between 1941 and 

1950 totaled 1,625,870 metric tons of ilmenite concentrates and 9,425 

metric tons of rutile concentrates. The only reserve estimates are from 

reconnaissance surveys of smaller coastal deposits and some of the primary 

deposits of the interior. Total reserves are 2.6 million short tons of 

titaniferous material containing 329,000 short tons of Ti02. Reserve 

estimates are lacking for the Travancore beach deposits. 

Travancore State deposits.--The commercial Travancore deposits occur 

on two important beaches; one, Manavalakurichi (8°8'N., 77°181 E.), is near 

Colachel and Cape Comorin; the other beach is about 80 miles farther north, 

near Quilon. 

At Manavalkuri chi (often simply called "141K") mining in 1906 was 

initially for monazite, and not until 1922 was ilmenite recovered. De-

posits occur along an arcuate coastline for a distance of 6,000 feet, and 

are being worked on both the barrier bar and the mainland beach. This 

latter beach contains the best ore in a layer 6 to 8 feet below the sun-

face. The black-sand ore averages 50 to 70 percent ilmenite, and can be 

concentrated to a product that contains about 52 percent TiO2 (Barksdale, 

1949, p. 25-26). Because of the extensive mining activity, the deposits 

were reportedly nearing exhaustion in 1942 (Krishnan and Roy, 1942, p. 13). 
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The deposits near cuilon were initially mined in 1932, and by 1934 

were producing the bulk of the Indian ilmenite. The deposits occur in 

an offshore bar which extends for 15 miles from the mouth of. Neendakara 

Inlet to the mouth of Kayankulum Inlet, and passes in front of the mouths 

of the Panular and Pallikal Todu hivers. The beach sand on the seaward 

side of the bar often contains as much as 80 percent heavy minerals, 

whereas buried black sand layers in the dunes behind t. e beach contain 

only 40 to 50 percent heavy minerals (Gilison, 1949, p. 1056). Both types 

of deposits are hand mined by natives who transport the sand in baskets 

to the nearby concentrating plant. v:et-tabling, followed by magnetic and 

electrostatic treatment yields an "ilmenite" concentrate with 60 percent 

TiO2 (iarksdale, 1949, p. 26). Other concentrates include rutile, zircon, 

monazite, and garnet. 

Bauxite deposit s.--An important potential source of titanium is 

the sludges which result from the processing of bauxites and laterites for 

aluminum compounds. Indian bauxites average 10 percent TiO and may con-2 

tain as much as 14 percent TiO,. The waste sludges and red muds that are 
4 

produced during the extraction of the aluminum compounds contain 30 to 

47 percent TiO2 (U. S. Bureau of Nines, 1950, Mineral Trade Notes, v. 30, 

no. 3, p. 26). 
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Beach deposits of lesser importance.--Although the wailon and "MK" 

deposits are the only producers of titanium ore in India, other beaches 

along the coast contain black sands that are rich in ilmenite. According 

to the U. S. Bureau of M.nes (1946, Mineral Trade Notes, v. 22, no. 2, 

p. 21-24) the reserves of the important areas are: (1) the Chowghat-Ponnani 

Coast, 1,025,470 short tons of sand containing 49 percent ilmenite; (2) 

near the mouths of the Vaippar and Kallar Rivers 'Ln the Tinnevelly dis-

trict, 35,750 short tons of sand containing 49 percent 1Ilenite; (3) near 

Tranquebar on the Madras coast, 100,360 short tons of sand containing 

50 percent ilmenite; and (4) along the Malabar coast deposits with as much 

as 50 percent ilmenite. Large deposits of ilmenite sand supposedly occur 

_In the Ratnargiri district of Bombay State (Mining World, 1952, v. 14, 

ho. 2, p. 65), but there is no indication that they are commercially 

exploitable. 
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Ilr.enite and titaniferous magnetite deposits.--ilmenite and titaniferous 

magnetites are common in many primary deposits of the interior. A deposit 

of ilmenite and ,magnetite occurs west of Calcutta in Singhbhum and 

Mayurbhanj at approximately 22° N., and 860 and contains, as much as 28 

percent Ti02 (Krishnanand Roy, 1942, p. 11). Accordik; to Dunn and Dey 

p. 124) the deposit contains about a million long tons of "ore", 

.11ueh of which is high in vanadium. In the Nellore district of Mdras, 

about a mile northeast of Glilimcherla Village, Rapur ilmenite occurs 

within a pegmatite in large masses that often weigh 30 to 50 pounds and 

contain as much as 50 percent TiO („;wanimathan, 1928). Another pegmatite 

close to the Patrugunta mica mine near Gundar contains 29 percent Ti02. 

In Mysore State titaniferous iron deposits in the Channagiri Taluk supposed-

ly contain several hundred thousand tons of "ore" averaging 11.6 percent 

TiO2 (Imperial 1.1ineral Resources Bureau, 1922, pt. 4, P. 38). The same 

kind of material also occurs in the NuL6d.halli schist belt of the 

Channarayapatna Taluk. Quartz veins at Kancharia in Rajputana produced 

a few tons of ilmenite, but as the raw material contained only 3 percent 

ilmenite, the undertaking was not profitable (Krishnan and ho, 1942, p. 

12). Ilmenite also occurs in Bihar near Supur, and in the foothills north-

west of Manbazar. 

hutile deposits,--itutile is common in the crystalline rocks and the 

coastal sands of India. Rutile occurs in large crystals in the Namaul 

district of Patiala State, Punjab; in quartz veins of the 1.:otidonzri 'Ridge 

south of ilajputana; in the mica schist of jinghbhum; and in the kyanite 

rocks of. Dhalbhum and Mayurbhanj (Krishnan and Roy, 1942, p. 11). 
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Indo-China 

Indo-China contains ilmenite in numerous river and beach sands 

(Dupouy, 1913), and also has large quantities of titaniferous sands 

on the Bay of Camranh in South Annam (Blondel, 1934, p. 383); unfortunate-

ly none of these has been carefully investigated. 
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Japan 

i)uring mining operations from 1925 to 1946 Japan produced 25,556 

metric tens of titanium concentrates containing 26 to 45 percent TiO 

and 32 to 55 percent Fe; the largest production was during orld 'odar II 

(Staatz, 1947, Table 4). The principal source of titanium is iron sands 

which occur throughout the four main islands, and are especially abundant 

in southern Hokkaido and northern Honshu. Although some sources claim that 

the reserve of titanium "ore" in these sands is about 200,000,000 tons 

(Barksdale, 1949, p. 27; Anon., 1927, p. 937) recent work indicates a 

reserve of about 41.6 million short tons of iron sands containing 1 to 

17 percent TiO2 and averaging 8 or 9 percent (Staatz, 1947, p. 3, 12). 

Most mining occurs on beaches, although some placer deposits and 

older, uplifted beaches are also mined. Although most of the sands are 

idned for magnetite or other iron-bearing minerals, a few contain suf-

ficient ilmenite to make them valuable as possible ores of titanium. The 

presence of 4.14 to 12.98 percent Ti0 in iron concentrates of sands
2 

mined only for iron (Staatz, 1948), indicates that all the sands contain 

titanium, probably as fine-grained inter growths of ilmenite within 

magnetite. 
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The iron sand mines that were operated principally for the extraction 

of titanium ores were as follows: on the island of Hokkaido, the Hokkai 

mine in Hokkaido Prefecture; on the island of honshu, the Odaka, Omika, 

Ozawa, Takachiho, and Tomioka mines in Fukushima Prefecture, the Hiragata 

and Ibaraki—Taga mines in Ibaraka Prefecture, and the Kameji mine in 

-311imane Prefecture; on the island of Shikoku, the Iyo, Kuroshima, and Tencho 

mines in Ehime Prefecture, and the iyahama mine in Kochi Prefecture. 

Reserve estimates are available only for the Odaka mine. In 1947 it con— 

tained 8,480 metric tons of sand with 18 percent TiO2 and 55 percent Fe 

(Staatz, 1947, Table 8). 

The Kengamine mine in Fukushima Prefecture an the island of Honshu 

is the principal primary deposit of titanium ores, and contains titaniferous 

maLnetite ore within gabbro. The mine is considered unimportant, produc— 

tion has been only minor, and the reserves are unknown. 



Korea 

Titanium ore was mined in Korea only during World War II, i'hen a 

minor amount of ilmenite concentrates was produced by the Japanese. 

The location of the productive deposits is unknown. 

On Shoenpeito Island (37°35'N., 125°45'E.), in Kokai Province, an 

ilmenite-magnetite body measures 600 by 1,000 feet and is interbedded with 

hornblende schist. The body contains magnetite grains that enclose small 

laths and blebs of ilmenite, and averages approximately 21 percent TiO2 

and 52 percent Fe (Ichimura, 1931). "Ore" from the Porumdo ilmenite-

magnetite deposit (37°39'N., 126°12'E.) contains 25 percent ilmenite 

(Gallagher and others, 1947, p. 50). Titaniferous deposits at iiomasan 

and Konan-san are associated with anorthositlf, and one at Kansen-ri occurs 

in veins cutting gneiss. Occasional analyses of placer deposits always 

show a high ilmenite content, although the feasibility of working such 

deposits is doubtful, since the very important farming activities are 

confined mostly to the valley bottoms. 
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YAlaya 

Shipments of ilmenite concentrates from 1.1alaya during 1941 to 1950 

were as follows: 44 metric tons in 1941, zero from 191.1 2 to 19/,5 inclusive, 

and 71,549 metric tons from 1946 to 1950 inclusive. There tre no reserve 

estimates of titaniferous material. 

Titanium concentrates are produced only as a by-product of the tin-

mining industry, c.nd come from the important tin producing states 

of Perak and Selangor. The minerals in the placer and residual deposits 

are derived from the nearby it e. Mining by large dredges is followed 

by a preliminary concentration, and yields a mixture of cassiterite, 

ilmenite, topaz, tourmaline, and, in places, monazite (Scrivenor, 1928, 

p. 32). Washing of this rcugh concentrate by skilled Chinese laborers 

produces a tin-bearing concentrate and an ilmenite-rich residue called "amang". 

Some of the amang is magnetically concentrated to a pure ilmenite fraction, 

but much of it is stockpiled. Large amounts are never treated, as 

indicated by the 358,700 metric tons of amang stockpiled at various mines 

throughout the country in 1938 (Fermor, 1940, p. 76-77). 



Turkey 

In Turkey a beach deposit on the Black Sea near dile, Istanbul 

contains appreciable amounts of black sand where bordered by cliffs 

of lava and tuff. An analysis shows that the sands contain 32.6 

percent ilmenite, 32.4 percent magnetite, and 18.7 percent zircon 

(Egeran, 1941). 
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Central and South America 

The only important producer of titanium ores in Central and South 

America is Brazil, which from 1941 to 1950 exported 13,298 metric tons 

of rutile concentrates and 21,271 metric tons of ilmenite concentrates. 

Chile reported a production of 5 tons of titanium concentrates in 1944. 

There are no accurate reserve estimates for any of the countries. 
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Argentina 

In the province of Buenos Aires, Argentina, ilmenite and magnetite-

bearing beach sands along the Atlantic coast near Mar del Plata, 1,:ar del 

Sur, liramar, and Necochea contain 1 to 12 percent titanium and 2 to 23 

percent iron. Although the deposits supposedly have a maximum wifth of 

3,500 feet and contain 13,600,000 tons of sand and 352,000 tons of recover-

able iron concentrates per mile of length (Youngman, 1930b, p. 21-22), 

they are low grade. 

In the province of Catamarca, west of Albigasta in the Sierra de An-

casti, a body of titaniferous magnetite occurs as a magmatic segregation 

within gabbrot and contains 17 percent Ti02, 66 percent Fe0, 9 percent Fe203, 

and 5 percent SiO . Reserves are unknown (Imperial Mineral Resources
2 

Bureau, 1922, pt. 7, p. 116). 
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Brazil 

The producing titaniferous deposits of Brazil are rutile deposits in 

the states of Ceara, Goyaz, and Minas Gerais, and ilmenit e-and rutile-bearing 

coastal beach deposits in the states of Aio de Janeiro, Espirito Santo, 

and Bahia. Exports began in 1925, and from 1941 to 1950 amounted to 13,298 

metric tons of rutile concentrates and 21,271 metric tons of ilmenite con-

centrates. It is impossible to give accurate estimates of reserves. 

Very little information is available for minor occurrences of rutile 

in the states of Matto Grosso, Pernambuco, and Sao Paulo, and ilmenite 

in the state of Sao Paulo at Cananea, Iguape, and S. Sebastiao. 

Ceara.--In the state of Ceara, alluvial and residual deposits that are 

derived from granites and gneisses contain about 1 percent rutile as 

crystals with 88 to 96 percent TiO2 and measuring a quarter to inches 

in diameter. The deposits were initially operated in 1940. Lining is on a 

small scale by i_ndividual laborers who pick out the rutile crystals, as 

they dig into the gravels (Chambers, 1942, p. 6; U. S. Bureau of 

1945, Mineral Trade Notes, v. 21, no. 5, p. 19-20). 

Goyaz.--In the state of Goyaz stream gravel and bench deposits of 

the Araguaia, Paranaiba, and Tocantins Rivers contain silver-gray to black, 

and red fragments of rutile. These contain 92 to 98 percent Ti02, and 

can be obtained in concentrates of 92 to 97 percent Ti02. The better de-

posits occur at Pirenopoli3 and Ido das Almas; smaller deposits are at 

Anapolis, Bomfin, Caldas, Campo, Corumba, Formoso, Ipameri, Morrinhos, 

Pouso Alto, and Trindade. Most production has been a by-product of 

alluvial mining for gold and diamcnds (Jobim, 1941, p. 65; Leao, 1938(?), 

p. 85-87; U. S. Bureau of Mines, 1941, Foreign Minerals Quarterly, V. 

no. 1, p. 49). 
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:Minas Gerais.--Rutde occurs iq residual and alluvial deposits in the 

state of idnas Gerais. One group of deposits occurs on a line that extends 

from i,ima Duarte to Ayurucca and passes through Andrelandia and Arantes; 

another line of deposits passes through Araxa. The titanium content of the 

rutile varies from 69 to 97 percent Ti02, with the lower grades containing 

conAderable admixed ilmenite (Abreu, 1936a). In 1941, approximately 65 

percent of the rutile production came from Lima Duarte, 30 percent came 

from Andrelandia, and the remainder came from Araxa, Ayuruoca, and Bom 

Jardin (Jobim, 1941, p. 65). Other areas which contain nitile deposits 

are Araguaris, Livramento, and Uberlandia. 

Coastal deposits.--Black sands along the coasts of Rio de Janeiro, 

Espirito Santo, and Bahia contain concentrations of ilmenite and rutile. 

Ilmenite concentrates obtained from minor mining operations contained 53 

to 61 percent TiO2, and rutile concentrates contained as much as 95 percent 

TiO2 (Gillson, 1951, p. 692). Large-scale production from these deposits 

has been lacking because the deposits are small, they are in remote 

locations, good transpprtation is lacking, and the roads are in poor con-

dition. These deposits are discussed below, starting with the southern 

end. 

In the state of Rio de Janeiro 22 deposits occur along the 12-miles 

of beach that extends south from the Barra do Itabapoana River (the 

boundary between the states of Rio de Janeiro and Ispirito Santo). The 

deposits average 32 percent heavy minerals, with 55 percent ilmenite (57 

percent TiO2) 5 percent rutile, and 25 percent zircon (Gillson, 1951, 
, 

p. 689-690). 

196 



In the state of Espirito Santo deposits at Boa Vista de Siri and 

Maratayses (south of Barry do Itapemirim) are rich in monazite. One 

of the most important sections of the Espirito Santo coast occurs along 45 

miles of coast from Barra do Itapemirim to a few miles north of Guarapary, 

and contains the following deposits from south to north: Caju, Piuma, 

Paraty, Ubul Mahiba, Ubahy, Meahipe, Lima, Guarapary, and Ponta da Fruta. 

Two companies mine sand from some of these deposits, process the material 

near Guarapary, and ship from Vitoria. A shipment cf 500 tons in 1942 

contained ilmenite with 53.9 percent TiO2 23.5 percent Fe 1 6.68 percent
2 03 

Fe0, 0.05 percent Cr203, and 0.45 percent V205 (Gillson, 1951, p. 692). 

Reserve estimates for the sands of Guarapary Municipality are 32,180 metric 

tons of concentrates (U. S. Bureau of :lines, 1937, Mineral Trade Notes, 

v. 4, no. 6, p. 24). Deposits along the 20 miles of coast north of Vitoria 

are: (1) the Carapebus deposit which was worked from 1910 to 1912 and con— 

tains ilmenite with 58 percent Ti02; (2) the Capubal and Jacareipe deposits 

which are on a long raised bar; and (3) the Boa Vista de Nova Almeida 

deposit which is supposedly of insignificant size. Within 9 miles north 

of Ara Cruz occur, (1) the Sahi deposit which contains sands that can be 

concentrated to 53 percent TiO,), and (2) 4. miles farther north the 3arra 

do Riacho deposit. The northernmost deposits in the state cf Espirito 

Santo are near the mouth of the Rio Doce, where titaniferous magnetite 

sands of the delta can be concentrated to a product with 37 percent Ti02. 

Low—grade deposits occur approximately 10 miles upstream near Lagoa 

Juparana and Regencia. 
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In the state of Bahia the best deposits occur on the southern coast 

not far north of Caravellas. The Guaratibal deposit is an elev,ited bar 

and contains ilmenite with 61 percent TiO and 32 percent Fe2 0 • insuf-2 3' 

ficient reserves make development unlikely. modern beach deposit at 

ComoxatLba, 25 miles farther north, contains layers of sand as much as 

6 feet thick. One analysis of ilmenite from this showed 57 percent TiO 

(Gillson, 1951, p. 692). 

A few promising deposits occur near the "hump" of Brazil. Near 

the village of Cunhau, 30 miles south of Natal, black sands occur along 

both sides of the channel, along the beaches north and south of the 

village, and in the large dune complex between the sea and the sea cliff. 

Ilmenite and zircon comprise 85 percent of the heavy minerals. The ilmenite 

contains 56 percent 22 percent Fe2O3, and 18 percent Fe0.
TiO2' 
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British Guiana 

In the Berbice district of British Guiana, rutile occurs in 

placers, and in one sample analyzed 95 percent TiO2 (Youncman, 1930b, 

p. 23-24). 
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Chile 

According to the U. S. Bureau of Mines (1945, Mineral Trade Notes, 

v. 20, no. 33, p. 26) 5 metric tons of rutile concentrates were produced 

in 1944 at the Oxido de Titanio mine near La Seraba and exported to 

Argentina. 
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:L,exico 

Prior to 1947 a deposit of ilmenite was reportedly discovered west 

of Victoria, capital of the state of Tamaulipas. A description of the de— 

posit says "the contact vein is ... about 30 feet thick, 2,500 feet 

deep ... two miles long and ... contains 50 million tons of ore averaging 

40 to 45 percent Ti02" (U0 S. Bureau of Mines, 19471 Mineral Trade Notes, 

v. 25, no. 3, p. 21). These estimates of tonnage and grade may be high. 

A large deposit of rutile supposedly occurs in the Pacific coast state 

of Oaxaca, near the village of Pluma hidalgo, and minor deposits occur 

in Baja California, Guerrero, San Luis Potosi, and Sinaloa. 
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Uruguay 

In Uruguay, veins of titaniferous iron "ore" are reportedly 

associated with a gneissic granite "a few thousand feet west of the 

highway to Florida in an open field." The veins are 2 to 8 feet wide, 

and have been e3Tosed by two pits and some short shafts. analyses of 

the "ore" indicate a titanium content of 12 to 23 percent TiO2' and an 

iron content of 45 to 56 percent Fe (U. S. Bureau of :dines, 1940, Foreign 

Minerals quarterly, v. 3, no. 4, p. 14). 
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burope 

Production of titanium ores in Europe from 1941 to 1950 was 

702,175 metric tons of ilmenite concentrates from deposits in horway, 

Portugal, and Spain, and 656 metric tons of rutile concentrates from 

one deposit in Norway. The largest titanium-bearing deposits occur in 

Finland, Norway, Russia, and Sweden. Reserves are 411.2 to 804.6 

million short tons of ore containing 31.6 to 97.9 million short tons 

of Ti02. 
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Bulgaria 

Exte(Isive beds of titanium-bearing black sand occur on the west 

shore of the Black Sea near Bourgas, Bulgaria. They reportedly occupy 

8 square miles, i,ave an average thickness of 3 to 7 feet, and contain 

10 percent TiO2 and 50 percent Fe (U. Bureau of anes, 1938, Foreign 

anerals (:ivarterly, v. 1, no. 1, p. 30). 
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Finland 

Finland has no production of titanium ores, although in 1950 plans 

were underway to mine magnetite-ilmenite ore at OtanMAki. Reserves have 

been determined for only this deposit, and range from estimates of 11 to 55 

million short tons of ore with about 12 percent Ti02. 

0tanmaki.--The Otanmgki deposit was discovered in 1938 in central 

Finland, south of Oulunjarvi and southwest of Kajana. The magnetite-

ilmenite ore occurs as elongated lenses and veins Athin a deformed amphi-

bolite, and averages 12 percent TiO2 and 35 percent Fe. Tests indicate that 

it may be possible to produce an iron concentrate with 66 percent Fe and 5 

percent Ti02, and a titanium concentrate with 47 percent Ti02. This 

titanium product is obtained by flotation of the iron concentrate tailings 

and weighs approximately 14 percent of the raw ore weight. Reserve estimates 

range from 11.0 million short tons of ore to a depth of 200 meters 

(Magnusson, 1950), to 55.1 million short tons of ore (Stigzelius, 1952, 

p. 127). 

Ainor deposits.--Small and unimportant titaniferous magnetite bodies 

are as follows (Palmunen, 1925). A mine nee.r Attu, on the island of 

Runholm, parish of Parainen in southwest Finland, contains a deposit of 

titaniferous magnetite and almandite garnet enclosed in hornblende gabbro. 

A small mine at Kitula, village of Kirju, parish of Suomusjarvi, contains 

ilmenite and magnetite, monoclinic pyroxone, hornblende, a little chlorite, 

and many sulfide minerals. Two small deposits, one at Riuttamaa, parish 

of K8y1i8, and the other at 6uatmaki, estate of Jonkka, parish of Vampula 

5 miles east of the first, contain about 50 percent of ilmenite and 

magnetite within olivine gabbro. A contact metamorphic deposit at 

Vuorijarvil parish of iwolarirlii, contains large crystals of intergrown 

ilmenite and magnetite within limestone. 
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Gennav 

Ilmenite-be., rin8- black sand beach deposits are common on the Frisian 

Islands of Germany in the North Sea off the coast of Denmark and Uermany. 

On li,Jangeroog many black sands average 60 to 70 percent heavy niinera.1s) 

and contain in addition to other heavy minerals about 4 percent ilmenite 

and 12 percent magnetite. Adcording to jrusheim (1935) the sands are an 

important reserve for the future, oithough the difficulties of beneficiation 

were denonst rated in the /870Is when an unsuccessful attempt was made to 

smelt sands from the isle of Sylt. 
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Greenland 

1-dthough Greenland has been described as containing titaniferous 

deposits (Ploos, 1938; Rantberi;, 19148), there is no indication that any 

of the deposits are coramercial. 
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hungary 

In Hungary, titaniferous magnetites occur southeast of Szarvasko 

in the likk Mountains, and are especially rich on the north side of 

Vaskapu. Concentrations of ilmenite and magnetite vary from 8 percent in 

gabbro to 90 percent in isolated masses within gabbro peridotite. The 

richer bodies average as much as 23.2 percent Ti02. Analyses of the 

titaniferous magnetites show 32 to 41 percent TiO and 38 to 48 percent
2' 

Fe (Szentpetery, 1937). 
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Italy 

The best sources of titaniferous material in Italy are the iron-

bearind, beach sands along the coast. The best deposits are on the Tyrrhenian 

.;ea shore between Civitayscchio and Salerno, and contained approximately 

1,650,000 short tons ofaore6 in 1940 (U. S. Bureau of iLinel;, 1946, Mineral 

Trade Notes, v. 23, no. 3, p. 13-14). Various companies began mining 

the sands in 1939, and although no analyses are given, the character of 

the concentrates provides information about the sands. Three concentrates 

from the sands were as follows: (1) an iron concentrate with 5.8 percent 

TiO2 and 62 percent Fe; (2) a titanium concentrate with 35 percent TiO2 

and 24 percent Fe; and (3) a zircon concentrate with 40 percent Zr. 

Reports concerning deposits on the east coast of Italy at Nargherita 

di Savoia in Foggia indicate an estimated 880,000 short tons of iron, but 

do not, state the amount of titanium. 



Nor way 

The steady production of titanium concentrates in Norway from 1941 

to 1950 has totaled 696,592 metric tons of ilmanite concentrates and 1,656 

metric tons of rutile concentrates. The important deposits are primary 

bodies associated Ath anorthosite and gabbro. Reserve estimates, 

mostly in the inferred catecry, vary considerably, and show 51.3 to 

59.8 million inferred short tons of "ore" carrying 6.6 to 7.5 million short 

tons of Ti02. 

Ekersund Soggendal region.--The most important area is near Ekersund 

and aoLgendal, on the southwest coast of Nomay, south of Stavenger, where 

bodies of ilmenite and magnetite or hematite occur as veins or segregations 

within anorthosite and gabbro. Correlation of data from the individual 

deposits of Blaafjeld, Haaland, Hegdal, Koldal, Kyland, Lakesdal, and 

Storgangen is difficult because some of the deposits apparently have more 

than one name, and because conflicting; infolmation often exists for a 

given deposit. 



 

The A/S Titan Company has been mining titanium ore from this region 

since 1921, and in 1950 was mining a deposit that was apparently called 

Baafjeld by some authors and Storgangen by others; it may even be possible 

that the two ends of the same deposit have different names. This deposit 

is 150 feet wide, approximately 5,000 feet long, and contains 33 million 
ore 

short tons of 17 percent Ti02 (idagnusson, 1950). Although some sourcesr 

claim that the deposits of this region average 40 to 45 percent TiO2 

(Barksdale, 1950, p. 20; Thornton, 1927, p. 36) it seems probable that 

only the concentrates are this rich, and that the average grade of ore is 

considerably less. The concentration plant of the A/S Titan Company has 

an approximate annual capacity of 85,000 tons of ilm3nite concentrates 

(43 percent TiO2 and 35 percent Fe), and 18,000 tons of iron concentrate 

(3 percent TiO and 66 percent Fo)(Magnusson, 1950).
2 

The 1,akesdal deposit, which is supposedly also worked by A/S Titan, 

contains 275,000 short tans of ore with 35 percent TiO2 (Thornton, 19270 

p. 36). 

Kra&er6 rutile deposit.—The only important rutile deposit is at 

Krager6 on the southeast coast of Norway, approximately 90 miles south 

of Oslo. The rutile occurs in large, even grained, white dikes of a rock 

called kragerite (mostly albite and rutile), and constitutes approximately 

5 to 10 percent by weight of the dike. Shipments from this mine have 

averaged about 100 tons per year for the past 15 years. There are no reserve 

estimates. 



Lofoten and Vesteraalen Islands.--The largest of the numerous 

titaniferous magnetite deposits that occur on the Lofoten and Vester-

aalen Islands is at 3elvag, on the island of Lange. The SelvIg deposit 

contains 16.5 million short tons of ilmenite and magnetite, and averages 

4 percent TiO2 and 32 to 35 percent Fe (Imperial .udneral hesources 

Bureau, 1922, pt. 6, p. 124-125). 

ilidsand deposit.--Titaniferous magnetite bodies occur in the vicinity 

of hOdsand on the southeast shore of Tingvoldfjord in Nordmere, southern 

Norway. Ilmenite-magnetite veins and lenses within a foliated gabbro con-

tain 6.0 to 7.5 percent Ti0 and 35 percent Fe. Minin-g from five to
2 

seven of the lenses yields 145,000 tons of ore that is treated in a nearby 

concentration plant to produce 45,000 tons of titanomagnetite concentrate 

(3 percent TiO2 and 65 p.xcent Fe), and an unknown amount of ilmenite 

concentrate (44 percent TiO2 and 35 percent Fe). Reserves are 250,000 

to 4,400,000 short tons of ore carrying 6 percent TiO2
(Imperial aneral 

Resources Bureau, 1922, pt. 6, p. 122-123; Magnusson, 1950). 

SOholt and jolnOrdal deposits.--Two closely related deposits occur 

on the north and south sides of the Lia Mountains, and contain approximately 

14 percent TiO2 and 50 percent Fe. The deposit on the south side of the 

mountains is at Soholt in Orskoug, north of Storfjord. 
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The SolnOrdal deposit on the northern side, near 6kodje, contains 

an estimated 101 to 5.5 million short tone of "ore"(Imperial Mineral 

Resources Bureau, 1922, pt. 6, p. 124). The deposit is a magmatic segre-

gation in gabbro, and reportedly contains 12 to 15 percent TiO2 and 35 

to 48 percent Fe. Preliminary tests indicated that for each ton of magnetite 

concentrate (3 percent TiO2 and 65 percent )) there is obtained 0.4 ton 

of ilmenite concentrate analyzing 44 percent TiO2 and 35 percent Fe 

(Magnusson, 1950). 

N 
Minor depcsits.--Numerous minor deposits of titanium-bearing ore 

are cited in Gmelins Handbuch (Gmelins Institut, 1951, p. 44-46). Most 

of the information on which this is based dates from the early nineteen 

hundreds. 



Portugal 

Production of ilmenite concentrates from placer deposits in the 

Castelo Branco district of Portugal has totaled 2,978 metric tons from 

1941 to 1950 inclusive. 

Via:rgia -v672..rey nanth, T'llmonte;approximately 150 miles northeast 

of Lisbon, contains ilmenite and cassiterite-bearing gravels to a depth 

of 12 to 50 feet. The gravels are mined by a floating dredge, and the 

cassiterite and ilmenite extracted in a nearby washing plant. This 

rough concentrate is trucked to a smelter at Belinonte, where the tin is 

smelted and the ilmenite concentrate extracted by magnetic methods. The 

production of the ilmenite concentrate is only of minor importance, as the 

operation is conducted mainly for the extraction of the tin. 

At JTo Torpes beach near Sines, about 60 miles south of Lisbon, 

a beach deposit of iron-titanium sand extends for about 3 miles along the 

shore. The deposit is about 60 feet wide, half a foot thick, and in the 

richer portions contains more than 40 percent TiO and 48 percent iron
2 

oxides (Castro, 1947). 



RuLsia 

Although Russia contains numerous deposits of titanium-bearinz 

and is probably mining some of them, information is difficult to 

because: (1) most of the literature is in Russian; and (2) ve- Little 

of it Ls lore recent than 1935 to 1940. Although much of the foll,:ndrii 

information comes from Russian literature and maps, a thorougx stu4 ()LP' 

the Russian material would undoubtedly prov'Ae more details. Estimates 

short 
of reserves are 100.9 to 441.7 millioni,tons of "ore" with 6.7 to 66.8 

million short tons of Ti02. The largest deposits are in the Ural Moun-

tains. 

Kola 1:eninsula and Karelia.--The northernmost deposit on the Kola 

Peninsula is above the Arctic Circle near Yurkino, about 40 miles south-

west of Murmansk, and is not cited in the literature, but is listed as 

a "Titan" deposit on an economic map of the Murmansk district (Leningrad, 

Geografo-ekonomicheskii Nauchno-issledovatelyskii, ialrmanskii filial, 1935). 

Lconoinic maps and atlases show more "Titan" deposits near Kirovsk 

(also called Khibinogorsk) in the region of the nhibine and Lovozero 

Tundras (Leningrad, Geografo-ekonomicheskii Nauchno-issledovatelfskii 

institut, 1934; Leningrad, Geografo-ekonomicheskii Eauchno-issledovatell-

:All institut, Murmanskii filial, 1935; Tsentralinogo Ispolintelinogo 

Komiteta i Soveta Narodnykh Komissarov Soyuza SSR, 1939). This area has 

many large active apatite mines that contain as much as 2 percent sphene 

and 2 percent titaniferous magnetite (Polkanov, 1937, P. 104-106). 

According to Tyler and Petar (1934, p. 87) a large deposit of titanium 

ores was discovered about 40 miles from the large apatite mine at Khibinsk. 
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The Afrikanda pyroxenite mass, near ukhto-Kanda and about 45 miles 

southwt:5t of Kirovsk and the Khibine massif, contains "considerable 

titanium", although no indication of grade or tonnage is given (t'olkanov, 

1937, p. 1+1-50; Tsentral'nogo Ispolintellnogo Komiteta i 6oveta Narodnykh 

Komissarov 6oyuza .SSR, 1939). 

Titaniferous magnetites of the Pudozhgora district on the east shore 

of Lake Onega (about 200 miles northeast of Leningrad) contain 9 to 11 

percent TiO and 30 to 45 percent iron. The deposits cover an area of
2 

75,000 square feet, and to a depth of 275 feet contain 406,000 short tons 

of "ore" averaging 10 percent TiO (Engineering and Mining Journal, 1948,
2 

v. 149, no. 6, p. 96; Gmelin Institut, 1951, p. 49; 3uirokomski, 1926). 

A deposit near Koikorie (Koykory), west of Lake Onega and about 45 

miles southwest of Povents, contains parts that are rich in magnetite 

and ilmenite-magnetite, althoug4 no indication of grade is given 

(adrokomski, 1926). 

The Valimaki deposit is on the north shore of Lake Laatokka (Lake 

Ladoga) and was formerly in Finland; it contains titaniferous magnetite 

"ore" with 23 percent Fe, and an unknown amount of titanium. 
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Ural mountains,--general.--The titanium-bearing ore deposits of 

the Ural Mountains are shown in Table 10, and the more important deposits 

described below. The reserves of the deposits listed in this table total 

100 to 145 million short tons of "ore" (91 to 131 million metric tons), 

with 6.1 to 15.5 million short tons of TiO (5.5 to 14 million metric tons).2 

Other estimates of reserves in the Ural Mountains are: (1) Suirokomski 

(1926, p. 69), 110 to 165 million short tons of "ore" with 11 to 16 million 

short tons of TiO2'• (2) Shimkin (1949, F. 184-185), 441 million short 

tons of "ore" with 66 million short tons of TiO2'• (3) Panteleev and Malyshev 

(1934), 1144 million short tons of "ore" with 11 to 15 million short tons 

of TiO
2. 

The amen Mountains in the southern part of the Ural chain contain 

the largest titanium-bearing deposits in Russia. In the region around 

Miass, 50 miles west of Chelyabinsk, pegmatites contain crystals of ilmenite 

that weigh as much as 17 pounds, and placer deposits contain abundant 

ilmenite and zircon. 

Kusinka deposit.--One of the richest deposits in the Llatoust mining 

area of the ILmen Mountains is the Kusinska, sometimes called the Magnit-

noye, Kusa, or Kusin; it lies about 8 or 9 miles west of the city of Kusa. 

Ilmenite and magnetite ore occurs in 6- to 12-foot wide dikes within a 

gabbro mass several hundred feet wide and over a mile long. The ore of 

approximately 14 percent TiO and 54 percent Fe can be concentrated to an2 

iron product with 7 percent TiO2 and 64 percent Fe, and to a titanium 

concentrate with 42 percant TiO2 and 37 percent Fe (Kulibin, 1935). 

!]stimates of reserves ranLe from 4.4 million short tons of ore containing 

53 to 63 percent Fe (Imperial Mineral Resources Bureau, 1922, pt. 6, p. 

165) to 66,796,000 short tons of ore containing 10 to 15 percent TiO2 

(Panteleev and Malyshev, 1934, p. 222-223). 
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Table 10. Titaniferous deposits of the Ural Mountains, Russia. Reserves in metric tons. 

(110re" used in non-commercial sense to describe titaniferous aggregates) 

.Tame Location Type of deposit Grade and reserves Source 

Bilimbaevskoye 57°30117., 59°35'E. Titaniferous magnetite 3,100,00C tons of ore, 1 

(Galashkinskoye) 30 miles south of inclusions in perido- 3-4 percent Ti02. 2 p. 227-228 

Nizhny Tagil. tite. 3 p. 65 

Cherncrechenskoye ca 55°18'N., 59°45'E. Titaniferous magnetite 700,000 tons of ore, 2 p. 224 

4 or 5 miles east or dikes within gabbro. 10-16 percent Ti02. 3 p. 67 

N.) SE. of Magnitnoye 
CO 

deposit. 

Lenezhkin Mtn. 60°25IN., 59°251 E. Titaniferous magnetite 3 p. 65 

Sverdlovsk Oblast, ore veins in banded 

near Permsk Obi. gneiss. 

Kachkanar 5805 )IN., 59°30'E. Titaniferous magnetite 31,000,000 tons of ore, 1 

ore as schlieren and 2-5 percent Ti02. 2 n. 228-230 

inclusions. 



Table 10. Titaniferous deposits of the Ural Mountains, Russia. Reserves in metric tons (Continued). 

("Ore" used in non-commercial sense to describe titaniferous aggregates) 

Name Location Type of deposit Grade and reserves Source 

Kaslinskaya Dacha 114 km Y. of Chelya- Futile in placers and 3 p. 63 

binsk. South of pneuziatolytic de-

Ufalei. 15-20 miles posits. 

N. of Kyshtym. Titaniferous magnetite 

in serpentine and 

gneiss. 

Kopanskoye 55°08'N., 59°20'E. Titaniferous magnetites 16,000,000 tons of ore, 1 

20 miles WSW. of within coarse-grained 7-13 percent Ti02. 2 p. 224-225 

Zlatoust. gabbro. 

Kornilivskoe 57°371Y. Titaniferous magnetite. 6-13 percent Ti02• 2 p. 176-177 

Crops out over sev-

eral thousand 

square meters. 

Kusinska 55°201 N., 59°401 E. Titaniferous magnetite 20 to 60 million 1 

(Magnitnoye, 8-9 miles E. of dikes in an intrusive tons of ore. 2 p. 222-223 

Kusa, or Rusin) City of Kusa. gabbro. 10-14 percent Ti02. D. 66-67 



Tale 10. Titaniferous deposits of the Ural Mounts ins, ::,'7ussia. :Reserves in metric tons (Continued). 

("Ore" used in non—commercial sense to describe titaniferous aggregates) 

Name Location Type of deposit Grade and reserves Source 

Matkaltskoye 30 miles southwest Titaniferous magnetite LC-15 percent Ti02, 2 p. 69-73 
of Zlatoust. 

ore schlieren in 1,0 percent Fe. 

gabbro. Very coarse— 

grained. 

Pervcuraltskoye 56°501 Y., 60°00tE. Titaniferous magnetites 10,000,00C tons of ore, 1 

Near City of as schlieren and d.is— 1-5 oercent Ti02. 2 p. 225-226 

Pervouraltskoye. seminated inclusions. 

Shaitan Dacha 538501 N., 59°051 E. Titaniferous magnetites Supposedly 100 million 3 p. 66 

Near City of resulting from differ— tons of ore with 8 

Magnitogorsk. entiation of a gabbroic percent Ti02, but not 

magma. verified. 

Spornoe 57o40IN . Ilmenite-magnetite 100,000 tons of ore, 2 p. 138-143 

schlieren. 5-8 percent Ti02, 

60 percent Fe. 



   

           

Table 10. Titaniferous deoosits of the Ural Mountains, Russia. Reserves in metric tons (Continued). 

("Ore" used in non—commercial sense to describe titaniferous aggregates) 

Name Location Type of deposit Grade and reserves source 

Ufalei area 80 miles NW. of 

Chelyabinsk, and 

50 miles south of 

Sverdlosk. 

Ivanovskoye Clayey lumpy titanif— 15 percent Ti02, 63 3 p. 68 

erous magnetite percent Fe. 

depositO. 

Turtashskoye Veins and stocks of 10-18 percent Fe. 3 D. 68 

titaniferous magne— 

tite within diorite. 

Futile deposit Grains and crystals 3 p. 68 

of rutile in deposits 

which resemble the 

rutile bpatite de— 

posits of Norway. 



Table 10. Titaniferous deposits of the Ural MOUntains, Russia. Reserves in metric tons (Continued). 

("Ore" used in non-commercial sense to describe titaniferous aggregates) 

Name Location Type of deposit Grade and reserves Source 

Yubryshka Mtn. 

Unnamed 

Unnamed 

Unnamed 

61°001 N., 59°001 E. 
Approximately 

3,000 feet high. 

58°101 N., 59°551E. 

Approximately 15 

miles N. of Nizhny 

Tagil. 

56°351 N., 60°251E. 

At town of 

Mramorskii 22 miles 

SSW. from Sverd-

lovsk. 

55°001 N., 59°5012. 

12 miles W. of 

Miass. 

Titaniferous magnetite 

disseminated in-

clusions in a 

gabbroic intrusion. 

Listed as "Titan" de-

posit on map, no 

further information. 

Listed as "Titan" de-

posit on map, no 

further information. 

Listed as "Titan" de-

posit on map, no 

further information. 

10,000,000 tons of ore, 1 

6 percent T102. 2 p. 230-232 

3 p. 65 • 

1 

•••••••=111 1 

1 



 

Table 10. Titaniferous deposits of the Ural Mountains, Russia. Reserves in metric tons (Continued). 

("Ore" used in non-commercial sense to describe titaniferous aggregates) 

Name Location Type of deposit Grade and reserves Source 

0-4.•••••Unnamed 54°551 N., 60°00'3. Listed as "Titan" de- 1 

6 miles SW. of posit on map, no 

Miass. further information. 

91-131 million tons of 
ore 

5.5-14 million tons of . 
TiO2 

References: 

1. Tsentraltnogo Ispolinteltnogo Komiteta i Soveta Narodnykh Komissarov Soyuza, SSR, 1939, 

2. Panteleev and Malyrbev, 1934. 

3. Suirokomskii, 1926. 

4. Shimkin, 1949. 



Kopanskoye (Satkinskaya Dacha) deposit.--The Kopanskoye or Satkinskaya. 

Dacha de-oosit is the second most important in the Zlatoust area, and is 

approximately 12 miles northeast of Satka and 20 miles soutlawest of 

Zlatoust. The ilmenite and magnetite—bearing bodies occur within a coarse— 

grained gabbro as "vein like masses" 2 to 15 feet thick. The zone of 

mineralization is about 6 miles and Grill work has indicatel "ore" 

to a depth of 500 feet. The deposit averages 7 to 13 percent TiO2 and 

contains 17.6 million short tons of titaniferous material (Panteleev and 

Malyshev, 1934, p. 224-225). In spite of the large reserves, the deposit 

is not commercially attractive since the "ore" is very heterogeneous and 

requires extensive hand sorting (Gmelin Institut, 1951, p. 48). 

Ukraine.--In the Ukraine, titanium deposits occur near Gatzkova in 

the Voldarsky district, approximately 190 miles north of Odessa (Tyler and 

Petar, 1934, 87). Ilmenite—bearing ouartz and kaolin sands near 

Gakovs:e and Rudno—Gakovske in the Zitomir district contain a total of 

about 984,000 short tons of ilmenite, equivalent to approximately 492,000 

short tons of TiO2
(Gmelin Institut, 1951, p. 49). Black sands on the Sea 

of. Azov at Belosarajakaja, Portovaja, Ganzukovskaja, and Nogaskaja, 

contain 14 to 38 percent Ti02; reserves are 352,000 short tons of heavy 

sands, equivalent to 122,000 short tons of TiO (Gmelin Institut, 1951,
2 

P. 49). Other titanium—bearing sands, containing 25 to 65 percent magnetite 

and titanomagnetite, occur in the delta of the Mius (Miusliman), and near 

Chutor NajEeLovka; these latter sands carry 24 to 31 percent Ti02. 
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Minor deposits.--3auxites of the Tikahvinskoe region (59°40'N., 

33°351 E., approximately 100 miles east of Leningrad) reportedly contained 

as much as 6.5 percent TiO2 (Suirokomski, 1926, p. 59), although recent 

information indicates that most of the high-grade material has been mined 

out (E. C. Fischer, personal communication, September 1951). 

The following information is from Suirokomski (1926, p. 69-72). 

In southern :aussia, gabbro in the Volynski and Kiev regions contains 

as much as 4.5 percent Ti02. In the Caucasus, a deposit at Elizauetpol, 

near Alabashly, supposedly contains 1 to 14 percent Ti02. In the Kirgiz 

Steboes, east of the Caspian Sea in Central Asia, titaniferous magnetite 

in the western part of Tur-achyr contains a maximum of 15.3 percent Ti02. 

Siberia reportedly contains titaniferous magnetites in the Nerchinski 

mining area of Trans Baikal, This area, at approximately 52° X., 117° E. 

is north of the eastern edge of Mongolia, not far from the southern border 

of Siberia, 
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Spain 
?rstance. 

Sands in Coruna Province and a deposit in Huelva C.441 have produced 

2,605 metric tons of ilmenite concentrates from 1941 to 1950 inclusive. 

The deposit in Coruna Province of northwestern Spain consists of 

beach sands at the mouth of the Allones 7iver (about 12 miles west of 

Carballo), and averages approximately 10 percent TiO2, mostly as trie 

mineral ilmenite. The sand is concentrated to a product that contains 

50 to 52 percent TiO2 (U. S. Bureau of Mines, 1945, Foreign Minerals Survey, 

v. 2, no. 1, p. 23). 

Nothing is known about the deposits near Almonte in Huelva Province, 

except that it was discovered in 1948, and produced 63 metric tons of 

concentrates in 1949 (I. S. Bureau of Mines, 1949, Mineral Trade Notes, 

v. 28, no. 2, p. 29; 1951, Mineral Trade Notes, v. 32, no. 5, p. 32). 

Other deposits of titanium—bearing sands are reported from Corino in 

northern Coruna Province, along the Sil river in Orense Province of the 

Galicia district, and from beaches in the Balearic and Canary Islands. 

Titaniferous magnetite reportedly occurs near Olot, in the Pyrenean 

foothills north of Barcelona (Chemical Age, 1944, -0. 234). 
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Sweden 

Titanium ares are not produced in Sweden, although there &re many-

large deposits of titaniferous magnetite. Most of these do not contain 

free ilmenite, and thus are not commercially exploitable for their titanium. 

Estimates of reserves, mostly in the inferred category, show 248.0 million 

short tons of 'toren containing 17.0 million short tons of TiO,. 

Jgrvs.6 deposit.--In Kramsta, near JArvs6 Station in HAlsingland, 

low—grade titanomanetite deposits in a gabbro massif average 5 percent 

TiO2 and 20 r,ercent Fe. Concentration tests show that about 18 percent 

of the ore can be extracted as an iron concentrate with 6.2 percent TiO
2 

and 64 percent re, and 3.6 percent can be extracted as an ilmenite con— 

centrate with 38 to 40 percent Ti02. Reserves are approximately 27 

million short tons of "ore11 (Magnusson, 1950). 

Routevare deposit.--The Routevare deposit, the second largest in 

Sweden, lies in mountv.inous, uninhabited country along the Norwegian 

border, about 90 miles southwest of Kiruna. The nearest village 

(Kvikkjohk, 250 inhabitants) is 10 miles south—southeast, the nearest 

highway is 28 miles away, and the nearest railroad. is 65 niteft distant. 

The deposit of magnetite and free ilmenite occurs as lenses in anorthosite, 

and contains 11 percent TiO and 46 pt.rcent Fe. Preliminary concentration
2 

tests in 1910 showed that 50 percent of the "orelf yielded an iron concen— 

trate with 5 percent T10 and 65 percent ?e, and that 20 percent gave an 

ilmenite concentrate with 14 to 20 perent Ti02. According to Magnusson 

(1950) reserves of noren are 33 million short tons. 

Most of foregoing from 0. H. Oilman, personal communication, Nov. 12, 1951 
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Taberg deposit.--The best known Swedish deposit is at Taberg, about 

7 miles south of J6nkOping in Smgland, southern Sweden. The deposit is a 

mountednous knob which rises about 300 feet above the surrounding country— 

side and is approximately 3,000 feat long by 1,500 feet wide. The deposit 

consists of olivine. and magnetite with numerous fine—grained ilmenite 

inclusions (see p38), and can be concentrated to an iron concentrate of 

50 percent Fe and 13 percent TiC2; no ilmenite concentrate is obtainable. 

Reserve estimates are 165 million short tons of ore (Magnusson, 1950) 

with 6 percent TiO2 and 32 percent Fe. 

UlvO Island deposits.--Deposits of titaniferous magnetite are numerous 

0 
on the 111vo Island.t7 in the archipelago of Angeranland. The best deposit, 

on South TJ1vOn, occurs as horizontal layers of ilmenite and magnetite within 

a large diabase dike. Because all the ilmenite occurs v.s fine—grained in— 

clusions within the magnetite, the only concentrate recoverable by magnetic 

separation carries 18 percent Ti0,7 and 53 percent Fe. The deposit contains 

22 million short tons of titaniferous material with 8 percent TiO2 and 

25 percent Pe (Magnusson, 1950). 
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Oceania 

Australia 

Australia, one of the worldts largest producers of rutile, has pro— 

duced from 1941 to 1950 inclusive 101,224 metric tons of rutile concen 

trates and 74,550 metric tons of ilmenite concentrates. Compilation of 

available reserve information on individual deposits, shows that in 

September 1949 beach and placer deposits contained 8,531,000 short tons of 

heavy minerals with 3.907,000 short tons of ilmenite and 2,093 short tons 

of rutile. Actual reserves are probably more, as data are lacking for 

many deposits. Total reserves, including the lode deposits, are 12,418,000 

short tons of 'lore" containing 4,536,000 short tons of Ti02. 
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In 1950 the principal mining activity was along a hundred miles of 

east coast from North Stradbroke Island, Queensland, to Byron Bay, New 

South /ales; additional small production was reported from sands of 

Western Australia. In the past, other east coast beach deposits, and de-

posits on the Island of Tasmania were also worked. Ilmenite concentrAtes 

from the east coast deposits are not marketed beck: se the pre:Fence of as 

7r1ch v= 7 '3ercent (,r203 makes them undesirable for the manufacture of 

pigments. Preliminary studies indicated, however, that some of the concen-

trates could be treated to yield a prcduct with as little 10 0.:2 percent 

01.203, although the recovery was low (Fisher, 1949, p. 5). Th.o ilmenite 

from beach deposits in the western part of the country contains very 

little chromium, and could possibly be used for pigment manufacture. 

The east coast beach and dune deposits of rutile,.; ilnenitel and 

zircon-bearing black sands are typical heavy mineral deposits, and are 
41-50,74-7.1,44-17 

discussed in the general section of this rapert (see p. ). The 

deposits of New South Wales and Queensland average 34 percent ilmenite, 

24 percent rutile, 39 percent zircon, and 3 percent of other minerals 

(garnet, monazite, touxmaiine, leucoxene, etc.). Along the southern 

part of the New South Wales coast the amount of rutile and zircon is 

slightly higher (zircon to rutile to ilmenite ratio is 5 to 3 to 2), 

whereas north cf North Stradbroke Island, Queensland, the ilmenite 

increases to 60 or 70 percent, and the zircon to rutile to ilrenite 

ratio becomes 2 to 2 to 6 (Fisher, 1949, p. 8, Table 4). 
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New South Wales.--Milling for rutile and ilmenite began in New South 

Wales at Byron Bay in 1934 and by 1951 had expandcd to include several 

deposits along 40 miles of beach immediately soh of the (.7ueensland 

border. Production from 1941 to 1950 inclusive was 62,05 metric tons 

of rutile concentrates, and 43,286 metric tone of ilmenite concentrates. 

The coastal deposits are listed is Table 11 and are the only titanium 

ore liroducers in the state. 

Small deposits of titaniferous magnetite cccur as irregular strati.-

fled bodies in tuffs and sandstones near the Williams and Karuh Riveri5 

about 50 to 75 miles northwest of Port Stevens. A reconnaissance survey 

of 26 of these deposits showed 2,263,000 short tons of "ore" containing 

2 to 16 percent Ti02, equivalent to 207,000 short tons of Ti02; the 

largest single deposit contains only 100,000 short tons of TiO2 (Imperial 

Mineral Resources Bureau, 1922, pt. 5, p. 27-28). 
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Table 11. Deposits of titanium—bearing sands in New South Wales 

riles 
Location south Description of 

of q1 deposit 
border 

Fingal 2-3 Modern beaches 

Buried dsposits 

behind the 

coastal dune. 

Cu dgen Headland 8 1Modern beach, 

and buried 

material uncer 

first coastal 

to dune. 

Name of 
organization Dates Results of investigation Reference 
working the or mining 

deposit _ 

Porter and 1939-40 Produced about 6,000 tons 1 p. 12 

Derrick of heavy mineral concen— 

(Nat. Lead trates. 

Co.). No reserve estimates. 

Bureau of July 1949 Testing proved 31,700 tons 1 p. 12 

Mineral of heavy minerals in de— 

Resources posits which averaged 

441 lbs. per cubic yard. 

No proeuction. 

Tweed Rutile Up to the Total production was 80,000 1 p. 12 

Syndicate & end of tons of concentrates, con— 

Titanium 1948 taining 21,000 tons of 

Alloy Div. rutile and 18,000 tons of 

of Nat, ilmenite. 

Lead Co. No reserve estimates. 

.1=•• 

1 • 



Table 11. Deposits of titanium—bearing sands !n New South Walcs (Continued). 

Miles Name of 
Location south Description of organization Dates Results of investigation Reference1 

, of Q1 deposit working the or mining 
bdrderj deposit 

Norries Head 16 Dune complex Alluvial Gold ? Testing by deep boring 1 p. 12 

between ocean Ltd. indicated the presence 

i 
and Cudgen of "considerable 

Creek. 15 reserves". 

lines of dunes, 

up to 1,600 

--- feet wide. 

Norries Head 16 Dune complex, Zinc Corp,Ltd. ? Contains 150,000 tons of 1 p. 12 

2,00C feet heavy minerals in de— 

long by 900 posits that average 30C 

feet wide. lbs. of heavy minerals 

per cubic yard. 

Contains 40,000 tons of 

rutile. 



 

 

Table 11. Deposits of titanium—bearing sands in New South Wales (Continued). 

Location 

Cudgera Headland 

to 

New Brighton 

Byrcn Bay area 

Tallow Beach 

Sever., Mile Beech 

Miles 
south Description of 
of 141 • deposit 
border 

18 Modern beach, 

and dune com-

plexes not 

exceeding 400 

feet in width. 

28 

37 Low-grade de-

posits under 

and behind 

coastal dune. 

42 Modern beach. 

Name of 
organization Dates 
working the 

deposit 

Metal Iecov- Up to the 

eries Pty., end of 

Ltd. 1948 

Up to the 

end of 
Zircon Rutile,4 

1948 
Ltd. 

Results of investigation 
or mining 

Mining from dune deposits 

at Crabbes Creek, and 

from beach deposits be-

tween Crabbes Creek 

and Yew Brighton, has 

yielded 6,500 tons of 

rutile and 4,800 tons 

of ilmenite. 

No reserve estimates, 

Concentration by tables 

at Seven Mile Beach and 

by spirals at Tallow Beach 

Final separation plant at 
Lyron Bay. 

Total production of 16,000 

Reference 

1 p. 13 

1 p. 13 

tons of rutile and 11,000 
tens of ilmenite. 



Table 11. Deposits of titanium—bearing sands in New South Wales (Continued). 

Location 
Miles r Name of 
south rescription of organization ga
of Old, deposit working the 
border deposit 

tes Results of investigation 
or mining 

Reference 

Tyron Lay area 

Seven Mile Peach 42 ,Fossil beach, 15 J. Scott Contains approximately 1 p. 13 

ft. above sea Moffatt 4,000 tons of heavy 

level. 1,200 (Mineral minerals with 33 percent 

ft. long, by 30 Sards Co. rutile, 17 percent 

ft. wide. ilzenite, and 49 percent 

mile inland from zircon. 

modern beach. No production. 

Broedwater 49 I Modern beach The average of samples from!2 p. 430 

to natural beach concentrates 

Eailina 50 in this area contained 12 

to percent rutile, 1C. Percent 

Evans Head ilmenite, and. 71 i)ercent 

zircon 

55 IModern beach, and Titanium oring in this area "proved 1 o. 13 

dune complex ex— Alloy considerable ton.Lages of 

tending up to 3 Manuf. Co. low—grade 

miles inland (now 'Natl. 
Lead). 



 

 

Eable 11. Deposits or titanium--bearing sands in New South Wkiles (Continued). 

Miles Name of 
Location south Description of organization Dates Results of investigation Reference 

of 41d4 deposit working the or mining 
border; deposit 

Yamba to 80 Modern beach Porter and 1935-39 Produced about 17,000 tons 1 D. 14 

Angour ie 83 Derrick f concentrate. 

Angourie 83 Bureau of 1948 "testing ... proved 1 p. 14 

Mineral Re— disappointing." 

sources & 

Assoc. Min— 

erals 

Wooli 120 Porter and 1935-39 Produced 11,000 tons of 1 D. 14 

Derrick mixed concentrates. 

Woolgoolga 145 Cofffs Ha 1943-44 Produced 1,997 tons of 1 p. 14 

bor Minerals mixed concentrates. 

One mile southeast 300 Modern beach J. Scott Before Deposit of limited extent 1 D. 14 

of Swansea Moffatt 1948 only. Table concentrating 

plant installedt 



Table 11. Deposits of titanium-bearing sands in New South Wales (Continued). 

Miles Name of 
Location south iDescription of prganization Dates Results of investigation Reference 

of deposit working the or mining 
border Itposit 

Due east of 300 Modern beach Heavy minerals occur in a 1 p. 14 

Swansea deposit On arc— narrow deposit approximate-

shaped bay. ly 1 foot thick and 3 

miles long. 

411104111•••Terrigal 327 Beach(?) Average composition of de— ,1 p. 14 

posit is 40 percent 

ilmenite, 20 percent 

rutile, and 40 percent 

zircon. 

References: 

1. Fisher, 1949. 

2. Anon., 1939. 



Queensland.--The production of rutile and ilmenite in Queensland did 

not begin until 1941, and from 1941 to 1950 totaled 39,189 metric tons 

of rutile concentrates and 31,106 metric tons of ilmenite concentrates. 

Although deposits of heavy mineral sands occur along 180 miles of coast— 

line north of the New South Wales border, the sands are exploited only 

in the 50 miles from the border to North Stradbroke Island. The important 

,!,eposits are shown in Table 12. 

A minor occurrence of ilmenite and rutile in the Boyne River, 22 

miles west—southwest of Kingaroy and 110 miles northwest of Brisbane, 

could yield approximately 7 tons of 60 to 70 percent TiO2 concentrates 

(Cribb, 1943). Tailings from the Tableland Tin Company dredges at Mount 

Garnet (approximately 22° S., 144° E.) in northern Queensland contain 

ilmenite, and granites at Mount Perry (25°001 3., 151°25' L,.) contain rutile 

in veins that are less than 8 inches wide (Fisher, 1949, p. 12). 
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Table 12. Deposits of titanium-bearing sands in Queensland 
e•-••••• ••••• 

Miles 
north Fame of 
of the organization 
NSW working the Result of investiga-

Location border Description of deposits deposit Dates tions or mining Reference 

Fraser Island 178 

•••••111Hook Point Modern beach deposits Contains 65 percent t 2 p. 225 

extending 2 miles heavy minerals with 

north of Hook Point. 64 percent ilmenite, 
percent 

161‘rutile, and 17 

percent zircon. 

Indian Head Modern beach, 22 miles Contains 87,000 tons 2 p. 2250111.11110 •••••••• 

long and 120 feet of heavy minerals 

wide. with 56 percent il-

menite, 17 percent 

rutile, 25 percent 

zircon.• 
M4,11INIMiddle Rock Narrow belt of frontal Minor concentration of 2 p. 242 

dunes, mile long, sand with 45-67 per-

40-50 feet wide. cent heavy minerals, 

in layers with 
maximum thickness 

of 2 feet. 



Table 12. Deposits of titanium—bearing sands in Queensland (Continued). 

Location 

Miles 
north 
of the 
NSW 
border 

Name of 
organization 
working the 

Descrilption of deposits deposit rates 
Result of investigations 

or mining Reference 

Fraser Island 

Waddy Point Old beach terrace, 100- OM. ••••••11111 Deposits up to feet 2 p. 242 

600 feet west of high- thick, contain $-73 

water mark. percent heavy minerals. 

Inskip Point 165 Modern beaches, extend Contains maximum of 87 1 P. 9 

for 8 miles south percent heavy minarals,2 p. 239 

from Point, Maximum with 57-66 percent 

2 feet thick. ilmenite, 10-24 -oer-

nent rutile, and 

.......••••••••••••41 
15-27pPrcent zircon, 

Double IslanC 
Point 

155 Frontal dunes, black 

sands up to 4 feet 

Contains 16-69 percent 

heavy minerals, with 

p. 9 

thick, 60 feet wide, 64-70 percent ilmen- 2 p. 225 

and 1 mile long. ite, 11-20 percent 

rutile, and 12-22 

percent zircatAis 



 

 

Table 12. Deposits of titanium—bearing sands in Queensland (Continued). 

Location 

,Miles 
north Name of 
of the organization 
NSW !working the 
border Description of deposits deposit 

Paradise Caves, 128 Old high dunes, black 

at Ncosa Headland sands 2-6 feet thick, 

for 3/4 mile south 

from cave. 

Moreton Island 70 Modern beaches; deposits J. Scott' 

maximum of 65 feet Moffatt 

wide and 3 feet thick. (holds 

i 1 leases) 

North Stradbroke If+.1 
Island 

Old beach deposits be- Zinc Corp. 

One to 4 miles 51.51 tween foredune and the Ltd.. 

south of Point higher dunes inland.4k:(l 

Lookout 

Ades 

19149 

Result of investigations 
or mining 

Boreholes show a mini-

mum of 6 feet of over-

burden. Averaged 47 

percent heavy minerals 

with 63-68 percent 

ilmenite, 12-18 percent 

rut ile, 13-19 percent 

zircon, 

Heavy minerals are r6 

percent ilmenite, 19 

percent rutile, and 

23 percent zircon, 

Contains 600,000 tons 

of heavy minerals, AW, 

in deposits averagirg 

8 percent heavy min-

erals, with 46 percent 
ilmenite, 26 percent
rutile, and 26 percent
zircon. 

Deference 

1 p. 9 

2 p. 225 

1 p. 9 

2 p. 243 

1 p. 10 



 

 

  

    

     

Table 12. Detosits of titanium—bearing sands in Queensland (Continued). 

Miles 
north Name of 
of the organization 
NSW working the Result of investigations 

Location border Descri•tion of de•osits de osit Dates or mining Reference 

North Stradbroke 
(continued) 

"Main part of High dunes, west of Zirconium & Scout boring indicates 1 p 

island" the swamp. Deposits Titanium 200 million tons of 

are up to 100 feet Industries sand with 2 percent 

deep. Pty., Ltd. heavies by volume, 

(Zinc Corp., equivalent to 6 million 

Subsidiary) tons of concentrate 

with 113 percent 

ilmenite, 27 per-. 

cent rutile, and 

28 percent zircon. 

13 to 17 miles 42-38 Coastal dunes, with Contains 9 to 51 percent 1 o. 10•••••••• 1IMMIN4o. 

south of black sand lenses heavy minerals, with 

Point Lookor.t up to 125 feet 34 percent rutile, 2 p. 225
• 

wide, and 1 foot*, 29 percent iluenite, 

4 inches to 4 feet end 33 percent 
6 inches thick. zircon 

10 



Table 12. Deposits of titanium—bearing sands in Queensland (Continued). 

Miles 
north Name of 
of the organization 
NSW working the Result of investigations 

Location border Description of deposits deposit latcs or pining Reference 
N. Straffbrcke 
(continued) 

"Southeastern "Beach concentrates." Titanium Start Production reached 35 3 p. I 4 4 

end of Is." and Zir- in tons of concentrates 

"Northeastern conium Aug. Der week by erd of 

and of Is." "Sand dunes bordering Industries 1950 1950. 

the beach" Pty., Ltd. Initial concentrates 

made by Humphrey 

spirals. Final rutilo 

and zircon concen-

trates produced at 

Dunwich. 

The Spit, South- 18 ? Mineral Le- ? . Mining for production 1. 

port posits of rutile and zircon Table 3 

Syndicate concentrnAbs 



 

Table 12. Deposits of titanium—bearing sands in Queensland (Continued) 

Miles 
north Name of 
of the organization 
NSW working the Result of investigations 

Location border scriDtion of de osite deposit Dates or mining .eferencer 
Surfers Paradise 14 elt of low dunes as Mineral De— During Mining for prodtict '.on 1 p. 10 

to much as 1,200 feet posits 1948 of rutile and zircon 

wide; best deposits Syndicate concentrates. p. 121 

Prcnd Beach 13 occur near 'heach. Assccipted 

to Minerals 

North Burleigh •11 Bureau of Boring showed 49,900 p. 11 

Mineral tons of heavy miner— 

Resources als. Deposits aver— 

aged 16 percent 

heavies with 36 

percent rutile, 25 

percent ilmenite, and 

I 3y_percent zircon. 

https://prodtict'.on


 

Table 12. Deposits of titanium—beecrimp; 0^xiao iii qu.e.alasia (Cc,ritimaci) 

Location 

North Burleigh 

to 

Talletudgera 

Creek 

to 

Palra Peach 

to 

Carrumbin Creek 

Miles 
north 
of the 
ITN 
border 

11 

6 

5 

Name of 
organization 
%corking the 

Desoription cf d •omits deposit .__,Dates 

Beach sands neer the Mineral De- Daring 

foredune, and buried posits 1948 

deposits inland from Syndicate 

and close to the Bureau of 19118 

fnredune. Mineral Re-

sources 

Beach deposits near Bureau of 1948 

the foredune. De- Mineral 

posits are thicker Resources 

in tale northern 

part of the beach. 

Result of investigations 
or mining 

Mining for prcLuctc-1 of 

ilmenite, rutile, and. 

7ircen concentrates. 

Reserves of 91,600 tars 

of heavy minerals, 

containing 34 percent 

rutile, 26 percent 

ilmenite, and 38 per-

to- cent zircon. 

Drilling indicated sands 

contained 31,7300 tons 

cf heavies, in deposits 

averaging 15 1%erecnt 

heavies with 34 percent 

rutile, 23 percent 

ilmenite, and 40 per-

cent zircon. 

Reference 

1 p. 11 

p. 126 

1 Yale 

4 71. 127 

5 



 

Table 12. Deposits of titanium-bearirg sands in Queensland (Continued) 

Miles 
north Name of 
of tbe organization 
NTS working the Result of investt6ations 

Location border Description of deposits t d obit Dates or mining RnferPnce 

Vicinity of Flat 4 Beach deposits. Some Bures:;. of 1948 Contained 7,250 tons of 1 7ab1e 

Rock Creek seams near the fore- Mineral heavies, in deposits 

dune are up to 4 Resources averaging 13 percent 

feet thick. heavies with 36 percent p. 128 

rutile and 23 percent 

...10.1•11•••••••••••-

Tugun to 3 Beach deposits and Rut ile Sands 1 1948 Contained 26,800 tons 1 Table 

Bilinga to 2 buried sands under Pty., Ltd. of .aeavies, in d.-?2osits 5 

Ocolangatta Creek 1 the foredune. averaging 18 percent 4 p. 129 

heavies with 32 percent 

rutile, 25 percent 

iluenite and 41 percent 

zircon. 

References; 

1. Fisher, 1949. 3. Pearson, 1951. 
2, Connah, 1948. 4, Beasley, 1948. 



Western Australia.--The first production of ilmenite concentrates 

in Western Australia was in 1949, and during 1949 and 1950 totaled 

158 metric tons of co:acentrates from deposits at Cheyne Bay. 

At Cheyne Bay, on the southern coast approximately 6C miles east— 

northea.st of Albany, testing by the Western Australian Geological Survey 

on dredge claim number nine proved 45,000 short tons of heavy minerals, 

approximately one—third of which is in the dunes behind the beach. The 

beavy minerals on the beach avera4:e 68 percent combined limonite and 

leucoxene and 4 percent rutile, and in the dunes 73 percent ilmenitA end 

leucoxene and 2 percent rutile (Fisher, 1949, p. 15). 

Investigation by the Western Australian Geological Surveyindicates 

that beach deposits on Doubtful Island. Bay (34°151S., 119°30' E.), 115 

miles east—northeast of Albany contain h5,C00 short tons of heavy minerals 

in sands v.-doh average 20 percent heavy minerals, and have a composition 

like those at Cheyne Bay (Ti sr, 1949, n. 16). 

Ancient beach deposits at Yonnerup, on the west coast, 5 miles east 

of Buseelton (33°38'E., 115°21' E.) contain L00,000 tons of heavy minerals 

with 87 percent ilmenite, 2 percent rutile, and 6.5 percent zircon 

(Fisher, 1949, p. 15). 

At Gabanintha (25°241 5., 115°431E.), 21 miles southeast of Nannine, 

a two—mile long, low--ridge of titanium—bearing magnetite and hematite 

contains according to a reconnaissance survey 1,680,000 short tons of 

florets with 12.7 percent T102 and 52.1 percent Fe (Impe-.7isi Mineral Re— 

sources Bureau, 1922, pt. 5, p. 52). 
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Northern Territory.--In the Northern Territory heavy mineral deposits 

occur on beaches near Record Point and Reef Point in Port Essington, 120 

miles east of Port Darwin. Beaches on Bowen Bay, near Cape Fourcrey, 

Brithhurst Island, 70 miles northwest of Port Darwin, contain 4O percerat 

ilmenite, 31 parcent rutile, and 27 percent zircon (Fisher, 1949, p. 16). 

South Australia.--In South Australia residual deposits of rutile 

occur in the vicinity of Blulaberg, Williamstown, and Mt. Crawford 

(hundreds of Barctssa, Para. Wirra, and Talunga) approximately 25 miles 

northeast of Adelaide (Anon., 1917, p. 85-86; 1938b, p. 7A; Fisher, 

1949, p. 15; Watson and Taber, 1913, p. 35-37). Near Mount JP,7ged minor 

deposits average 5 percent Ti02, and at Mount Painter small quantities 

of rutile AMINIOVORMINIMMOMPISINI and sphene occur as massive segregations 

within granitic rocks. At Radium Hill the titaniferous iron "ore" forms 

the bulk of the "ore shoots," and contains 60.7 percent Ti02, 28.6 

percent Fe, and 0.8 percent V205 (Alderman, 1925). 

Tasmania.--Tasmania contains numerous alluvial deposits of ilmenite 

and rutile, most of which are of minor importance (see Anon, 1928). 

One deposit at Naracoopa, on King Islaad, produced 550 metric tons of 

ilmenite concentrates in 1933. A terrace here extends along the beach 

northward from the mouth of the Fraser River, and contains 45,000 metric 

4. ons of ilmenite, abundant cassiterite, and minor amounts of gold, monazite, 

zircon, and molybdenite. The magnetic fraction of heavy minerals from 

this deposit contains 12 to 45 percent TiO1 (Fisher, 1949, n. 14; Anon., 

1928). 
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Victoria.--Low—grade deposits in the valley of the Acheron River, 

Viet J'ic, 12,5 miler east—northenst :If Melbourne, average only 1.5 percent 

heavy minerals, yet might be commercially developed as the ground is 

suitable for dredging and contains 198,000 short tons of heavy concen 

trates. Concentrates contained 845 percent ilmenite with 52 to 55 per— 

cent TiO2 and less than 0.03 percent Cr20-3 (FibLer, 1949, p. 14).. 

At Cape Everar'i (37°47t S., 149°15tE.) a. low—grade beach deposit 

contains 2,200 short tons of heavy minerals with 62 percent limonite 

and 11 percent rutile (Fisher, 1949, n. 14)p 
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New Zepland 

The only so'trces of titanium in New Zealanl are black sands :f 

Taranaki coast on North Island, and black sands et various 7)ointe cn 

Island. North Island contains approximately 247 million short tons of 

iron sand with about 4 million short tons of Ti02° None of the sand de-

po.ilits has been mined. 

On North Island the iron sands extend 330 miles frcz 

south to Knonartt Heads in the north, with the best deposits at Pater, New 

Plimouth, Waitara, and Wanganui. The Patea deposits consist of terrace, 

beach, and dune deposits with 14,280,000 to 50,400,000 snort tons of iron 

sands (Hutton, 194, p. 193; Mason, 1945, p. 228) equivalent to approximate-

ly 1,40C,000 s::-.(Drt tons of T102. At Fit:zroy, New Plymouth, near the 

mouth of the Waiwakaihe river, beach and dune deposits contain 1,250,000 

short tons of sand of which only 560,000 short tons is titanomagnetite 

(Hutton, 1945, p. 29'3, 207). Because the titanomagnetite contains 

approximately !,75 percent Ti02, the total TM, in the deposit is probably 

about 47,40C short tons. B using similaJ' ca"7,-lations the deposit at 

Waitara vhich contains 35,245,000 short tons of sand and 8,610,000 short 

tons of titanomegnetite (Beck, 1947, p. 312) probably cLrrien about 

730,000 short tons of TiO2' and. the deposit at Wanganui which contains 

160,535,;)CC short tons of send with 25,5h/1.000 short tons of t 4,teno-

mat;netite (F]enine, 1946, Table 2) carries appl-^ximately 2,173,000 short 

tons of Ti02. Other large deposits occur at Makau, Awakino, Manakau 

Heads, and Muriwai. 
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Neither pure magnetite nor ilmenite concentrates can be obtained 

fro! these sands as the titanium is either within the lattice of the 

titanian magnetite, or within the lattice of hematite included within 

the magnetite (Hutton, 1945). Analyses, probably of concentrates, show 

8 to 10 percent TiO,, 53 to 60 percent Fe, and 0.3 to 0.5 percent 0205 

(Mason, 1945, p. 228). 

South Island contains considerable quantities of iron sands that 

are amenable to concentration since they contain separate grains of 

ilmenite and magnetite (Mason, 1945, p. 228). Most of the sands do not 

occur in commercial concentrations. Reserve information is lacking. 
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