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Titanium deposits in alkalic igneous rockS 

By ?In-man Herz 

Abstract 

Many types of alkalic rocks are enriched in TiO relative. to the2 

average for the crust. Silicate minerals in these rocks may have high 

TiO contents, but the oxides ilmenite, rutile, brookite, and perovskite
2 

are'characteristic primary phases. These tend to be higher in niobium 

than are the same minerals from other rock suites. 

At Tapira, Brazil, titanium minerals in a carbonatite complex 

comprise tens of millions of tons contained ?tnatase (asTiO2. 

"leucoxene") is present in laterite lying over parent rocks containing 
1:. 4 14:15. 

perovskite, ilmenite, and rutile. In other discovered—localities—lof 

alkalic rocks, production of titanium minerals is at best economically 

marginal. 



 

Introduction 

Titanium is enriched in many alkllic rocks several fold beyond 

the normal concentration in igneous rocks (about .7-1.0 percent as 

Ti02). Nockolds (1954) lists the following average 77i0.-contents of . 

alkalic rock types: 

Alkali pyroxenite 3.31% TiO
2 

Nepheline monzonite 2.49 

Essexite 2.81 

Ijolite 1.41 

Average subsilicic 

igneous rock 

(721 analyses) 1.9% 

Several silicate lidnerals characteristic of alkalic rocks are 

high in Ti02. Except for sphene, melanite garnets from alkalic rocks 

contain the highest amount of TiO2 found in silicate minerals: mela-

nite from ijolite in Iron Hill, Colo., has 5.08 percent, and elsewhei:e 

up to 17 percent (Deer and others, 1962, p. 91). Kaersutite, an 

amphibole with 5 to 10 percent TiO , and titanaugite, a pyroxene with
2 

3 to 6 percent TiO2' arc common in but not restricted to alkalic rocks. 

The principal titanium minerals found in alkalic rocks are 

ilmenite, titano-magnetite, sphene, perovskite, rutile, anatase, and 

brookite, and these co::-.:-Ionly contain significant amounts of niobium 

(Nb) and rare earths (Fleischer and others, 1952). 
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Yost titanium oxide minerals form late in the crystallization 

history of alkalic complexes. Chemical c,ctivities of Si, Al, and 

Fe, and the partial pressure of oxygen are especially important in 

determining whether Ti will enter silicate minerals or form independent 

oxides. . Some dikes consisting of iron-titanium 

oxides and apatite in alkalic rocks has been ascribed to the formation 

of immiscible melts (Philpotts, 1967). Based on extrapolation of 

experimental data, Philpotts deduced that liquids of magnetite-ilmenite-

apatite composition can form immiscible melts in silicate magmas that 

are enriched in Na, have a dioritic composition, and are underaoing 

strong differentiation. Some titanium ore bodies found in alkalic 

rocks of the Kola Peninsula and Prazil r- 17 have formed by such a 

process. 

Dascription of individual localities 

The only attempted production of any significance of titanium 

from deposits in alkalic rocks has been at Magnet Cove, Ark.; the rola 

Peninsula, U.S.S.R.; and Tapira, Minas Gerais, Brazil. These will be 

discussed below as examples of titanium deposits in alkalic rocks. 

Another potential domestic resource of perovskite and ilmenite has 

been described in mafic alkalic rocks and carbonatite from Iron Hill, 

Colo. (Larsen, 1942). 
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Magnet Cove, Ark. 

The alkalic complex of Xagnet Cove, Ark., consists of a variety 

of feldspathoid-rich rocks that have intruded sediments of Paleozoic 

age (Erickson and Blade, 1963). The complex has 1:een dated as early 

Late Cretaceous, 954-5 n.y. (Zartman and Marvin, 1965) as in some 

alkalic rocks in Brazil. 



The Magnet Cove rutile deposit consists largely of phonolite that 

has been intruded, brecciated, and hydrothermally altered by a number 

of veins of different types. Rutile is contained in feldspar-carbonate-

rutile veins and vein masses which range from "several inches to tens 

of feet" in thickness. About 15 to 20 percent of the TiO_ in the veins
a 

is present as "leucoxene" (Fryklund and Yolbrook, 1950). The average 

grade of the deposit is 3 percent rutile. Most of the exposed material 

has been weathered to a clay-rich, highly friable material; information 

from drill cores shows that weathering has penetrated to a depth of at 

least 45 m. 

The estir-ated reserves of rutile-bearing material at !!agnet Cove 

is 7.75 million tons containing approximately 100,000 tons of 

rutile concentrate containing 95 percent TiO (Toewe and ethers, 1971).
2 

Before the deposit can be economically exploited, however, several 

serious problems must be solved: (1) the best present beneficiation 

techniques result in a recovery of under 60 percent of the contained 

rutile and (2) the rutile averages 2.2 percent Nb, 1.8 percent Fe, 

and 0.6 percent V k cAr,' kCL, r% A Erickson and Blade, 

1963, p. 80-81). Rutile of this composition cannot be used for 

welding rod coatings or for the chloride process of pigment and metal 

manufacture. 
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Kola Peninsula, U.S.S.R. 

Important titanium deposits are found in alkalic rocks of the 

extreme northwestern part of the Soviet Union, in the Kola Peninsula, 

and the Karelia Finnish S.S.R. Specific information on grade and 

tonnages is not available, although general descriptions of the geology 

of the mining areas do exist (Malyshev, 1957, p. 204-207; Vlasov and 

v/ 
others, 1959; Yudin and Zak, 1970). The area is part of the Precambrian 

Baltic Shield and consists largely of Archean gneisses, granites, 

mignatites, and granulites, and Proterozoic metasedimentary and volcanic 

formations, gabbro-anorthosites, basalts, granites, and alkalic gablros 

•V 
and granites. These are overlain by upper Precambrian and Lower 

V(
Cambrian platform sediments. Paleozoic alkalic rocks, including 

ultrabasic-alkalic rocks 340-590 m.y. old and nepheline syenites about 

290 m.y. old, intrude the Archean and Proterozoic rocks, 

9 



The ultrabasic-alkaline group of plutons consists of an earlier 

phase of clivinite, pyroxenite, and nepheline pyroxenite and a later 

group of ijolite and related rocks. The earlier ultrahasic rocks 

include large stocklike bodies of late magmatic perovskite-titanomagne-

tite ores that are enriched in rare elements (Yudin and Zak, 1970). 

In the largest deposit, Afrikanda, a pipelike ore body can be traced to 

a depth of more than 400 m. These ores are characterized by high 

amounts of Ti02, 8.5--18.0 percent, and total Fe, 11-18 percent. The 

rocks of this phase are generally high in major elements Ca, Mg, Na, 

Fe, and Ti, and in minor elements P, C, Sr, and Ea; they are deficient 

in Si and Al. Younger alkalic plutons caused a contact metasomatism-

metamorphism of some of the perovskite-titanoragnetite bodies which 

produced high quality magnetite ores in places. 

10 
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The youriger group of alkalic intrusives consists of nepheline 

syenite of Hercynian age typified by the Lovozero and Khibiny massifs, 

and forms larger bodies than the earlier ultrabasic-alkalic rocks. 

The Khibiny pluton is over 800 km2 and is made up of seven 

distinct phases listed in order of decreasing age (Turner and Verhoogen, 

1960, p. 393): 

1. Syenites and nepheline syenites which have fenitized adjacent 

Archeah gneisses. 

Coarse aegerine-nepheline syenite, injected as a peripheral ring 

dike. 

3. Trachytoid aegirine-nepheline syenite, forming an imperfect ring 

within 2. 

4. Poikilitic micaceous nepheline syenite forming an imperfect ring 

P-114 consisting of alkali feldspar,, nepheline, mica, aegerine, Arid 

astrophyllite. 

5. A massive cone sheet of nepheline-rich ijolite. 

6. Foyaite (feldspathic rock) making up the central core of the 

pluton. 

7. Dikes of leucocratic and melanocratic alkalic rocks. 

The pluton is characterized by concentration of Na, K, Al, P, F, Ti, 

Zr, Nb, Sr, and rare earths, especially the Ce group, and is 

deficient in Si, Mg, Cr, V, Co, and Ni. Segregations of ore minerals 

have formed in the complex as distinct rock types, including one body 

that is 2.4 km long and 160 m thick and made up of 45-65 percent 

_apatite, nepheline, aegerine, sphene, and titanonagnetite.__Zones_that_ 

are enriched in sphene are 5 to 30 m thick with an average TiO2 content 

of 8-11 percent. Apatite and nepheline are presently mined in large 

quantities, and Yudin and Zak (1970, p. 871) suggest that large amounts 

of titanomagnetite concentrate with 13.5 percent Ti02, 0.65 percent 

V2Oc, and 42 percent total Fe, and sphene ccncentrate with 26 percent 



The nearby Lovozero massif is similar in age and overall geology 

but different in titanium mineralogy. Niobium-rich perovskite 

(loyarite) is in nepheline-rich syenito and trachytoid ne2heline 

syenite and is an ore mineral of niobium (Vlaov and others, 1959) 

Parker andAdams, 1973). 

Tapira, Minas Gerais, Brazil 

Belts of alkalic rocks and widespread tholeiitic basalt are 

found in the southern part of Brazi) (Eerz, 1966). The basalt plateau 

of the Paranrbasin is the largest of its kind, covering 1,200,000 km2 

with a maximum recorded thickness of 1,530 m. The peak of activity 

responsible for this volcanism occurred about 125 n.y. ago and the 

whole span of activity is 119-147 m.y. (Amaral and others, 1960. 

The alkalic volcanism took place around the margin of the basalt, with 

most of the known occurrences to its east, intruding the crystalline 

Precambrian basement of the Brazilian Shield, Ages obtained 

on alkalic plutons suggest two distinct tires of volcanism, one early 

• 
Cretaceous (122-133 n.y.) and the other late Cretaceous-early Tertiary 

(51-82 m.y.) (Amaral and others, 1967). host of the volcanism, 

however, coincides with the younger aces, and no genetic relationship 

is inr.ediately evident between the alkalic rocks and the tholeiitic 

basalt flows. 

3.2 



The Brazilian alkalic rocks are mineralogically highly variable. 

They include rocks of four general types: (1) nonfeldspathic rocks 

including ijolites and jacupirangites which consist largely of 

pyroxenes and nepheline. Titaniferous magnetite, apatite, and sphene 

are locally abundant as at Jacupiranga; (2) feldspathic rocks including 

nepheline syenites, tinguaites, and phonolites that consist largely of 

alkali feldspars, nepheline, and Na-rich pyroxenes. Sphere, apatite, 

and rare earth minerals are locally abundant, as at Pops de Caldas; 

(3)carbonatites composed dominantly of carbonate minerals (calcite 

and dolomite); with accessory apatite, pyrochlore, perovskite, rutile, 

and ilmenite. Examples include Jacupiranga, AraxA, and Tapirai and 

(4)feldspathic rocks (fenites) formed locally in situ around many 

alkalic complexes by alkali metasomatism of country rock. 

14 



The Tapira complex was discovered in 1955, during a reconnaissance 

study for manganese by B. P. Alves (1960). lie noted strong similarities 

between that complex and the one just to the north at Araxa. Both are 

primarily carbonatites and have "explosive" intrusive characteristics 

such as extensive ultramylonite and breccia zones in the contact area 

with Proterozoic sericite schists and quartz-sericite schists. The 

•intrusion itself is in the form of a ring about 6 km in diameter. 

Weathering of all the rocks of the complex has been intense, so few 

rock types can be identified with certainty. Among the types that can 

be identified are bostonite, which forms part of a ring in the 

southern part of the complex, volcanic breccia, which forms much of a 

ring to the southwest, and carbonatite, which is abundant throughout 

the central part of the complex. Large masses of other types occur 

including an apatite rock with abundant perovskite and subordinate 

$CtNtrt 
tatani.te and magnetite which forms parts of two rings, an inner one 

on the western side, 2,000 m long and up to 300 in thick, and another 

similar body on the eastern side. 

The Brazilian Ministry of Mines and Energy (C.P.R.M., 1972) has 

extensively explored the area and estimated almost 132 million tons of D;t 

1-i9-2 reserves (measured, indicated, and inferred) averaging 21.6 per-

cent TiO The greatest concentration of titanium minerals at Tapira2. 

is in an area about 3 by 4 kw on which a lateritic cover about 100 m 
thick has formed. The primary titanium minerals of this deposit are 
perovskite, ilmenite, magnetite, and rarely rutile, het the hulk of 
the reserves are anatase and "leucoxene," the weathering products of 
the primary minerals. At least GO percent of the total TiO2 measured 
in laterite samples is present as anatase. 

15 
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Perovskite occurs in veins and disseminations in the country 

rock; it and its weathered products form up to 5 percent of the 

laterite. Magnetite and ilmenite also occur in veins and in the 

alkalic country rock; they and their weathered products co:- prise from 

20 to 70 percent of sore laterite. 

The Tapira deposit formed mainly as a result of two processes: 

first, development of a Ti-rich segregation in the carbonatite plug, 

presumably as an immiscible liquid in the melt, and second, tropical 

weathering which enriched the tenor of Ti in the protore minerals at 

the expense of Ca and Fe and perhaps also Nb. Fresh rutile from 

Tapira has 0.5 percent Nb205 as well as 3.5 to 6.8 percent Fe (Alves, 

1960, p. 16) which puts fresh rutile from Tapira under the same 

economic Ilndicap as rutile from Magnet Cove, irk. The colosition 

of fresh perovskite is not known but is likely to be high in niobium 

also. 



Outlook 

Titanium is enriched in rany alkalic rocks. However, in many 

alkalic corpexes, rT,ch of the Ti has none into silicates, especially . 

garnet and clinopyroxene; in others, where Ti does form primary 

minerals like perovskite and rutile, the accessory elements rb and Fe 

have made the minerals unusable for chloride-process manufacture of 

pigment and Ti metal. Titanium at present can be considered a resource 

in alkalic rocks in two circumstances: (1) where tropical weathering 

has produced an economic titanium product by leaching out the 

undesirable elements, as in Tapira and elsewhere in Brazil; and (2) 

where Ti can be obtained as a byproduct, as in mining for niobium and 

for phosphate, rare earths, and aluminum in the Kola Peninsula. 

17 



References cited 

Amaral, G., Cordani, U. G., Kawashita, K., and Reynolds, J. H., 1966, 

Potassium-argon dates of basaltic rocks from Southern Brazil: 

Geochim. et Cosmochim. Acta, v. 30, p. 159-189. 

Amaral, GO, Bushee, J., Cordani, U. G., Kawashita, K., and Reynolds, 

J. H., 1967, Potassium-argon ages of alkaline rocks from South-

ern Brazil: Geochim. et Cosmochim Acta, v. 31, p. 117-142. 

Alves, B. P., 1960, Distrito nicibio-titanifero de Tapira: Brazil 

Dept. Nacional da Produa"b Mineral, v. 108, 48 p. (in Portuguese) 

Companhia de Pesquisa de Recursos Minerais (C.P.R.M.), 1972, Jazidas 

de niquel e de alguns nao ferros em Minas Gerais: Brazil Ag'encia 

de Minas Gerais, Belo Horizonte, open-file report, p. 7-11. 

(in Portuguese) 

Deer, W. A., Howie, R. A., and Zussman, J., 1962, Rock-forming 

minerals--Volume 1, Ortho- and ring silicates: New York, John 

Wiley and Sons, 333 p. 

Erickson, R. L., and.Blade, L. V., 1963, Geochemistry and petrology 

of the alkalic igneous complex at Magnet Cove, Arkansas: U.S. 

Geol. Survey Prof. Paper 425, 95 p. 
NrcZto 1(.11 vkzh-\,tr-, .1„,t 1. , 1,1 cstisr'I,

Fleischer, Michael, erna-othe-r-s-, 1952, Geochemical association of nio-

bium (columbium) and titanium and its geological and economic 

significance: U.S. Geol. Survey Circ. 225, 13 p. 

18 



Fryklund, V. C., and Holbrook, D. F., 1950, Titanium ore deposits of 

the Magnet Cove area, Hot Springs County, Arkansas: Arkansas 

Research revel. Comm., Div. Geology, Bull. 16, 173 p. 

Herz, Norman, 1966, Tholeiitic and alkalic volcanism in Southern Brazil: 

Internat. Field Inst., Brazil, Am. Geol. Inst., pt. V, 6 p. 

Larsen, E. S., 1942, Alkalic rocks of Iron Hill, Gunnison County, 

Colorado: U.S. Geol. Survey Prof. Paper 197A, 64 p. 

Yalyshev, I. I., 1957, Zakanomernosti obrazovaniya i rasmeshcheniya 

mestorozhdenii titanovikh rud (Regularities of forration and 

distribution of deposits of titaniferous ores): U.S.S.R. Ministry 

of Geology, 272 p. (in Russian] 

Vocl:olds, S. R., 1954, Average chemical compositions of some igneous 

rocks: Geol. Soc. America Pull., v. 65, p. 1007-1032. 
‘,J.01 

Parker, R. L., and Adams, J. W., 1973, Niobium (columbium) and -titanthm, 

in Probst, D. A., and Pratt, W. P., eds., United States Mineral 

Lit-t-1-ttg‘A 
Resources: U.S. Geol. Survey Prof. Paper 820, p. 307312. 

Philpotts, A. R., 1967, Origin of certain iron-titanium oxide and 

apatite rocks: Econ. Geology, v. 62, p. 303-315. 

Routhier, Pierre, 1963, Les Gi!;01-nts Metalliferes: Masson et Cie, 

Paris, 2 v., 1295 p. (in French] 

Toewe, E. C., Schatz, R. W., Carmichael, R. L., Gonser, B. W., and 

Goldberger, W. M., 1971, Evaluation of columbium-bearing rtftile 

deposits, Magnet Cove, Arkansas: U.S. Geol. Survey open-file 

report, 134 

19 



Turner, F. J., and Verhoogan, J., 1960, Igneous and metamorphic petrology: 

New York, :!cCraw-Mill r,00k Co., 604 p. 

Vlasov, K. A., Kuz l venko, M. V., and Esikova, E. M., 1959, The Lovozero 

alkaline rassif (English trailslation, 1966): New York, Hafner 

Pub. Co., 627 p. 

Yudin, B. A., and Zak, S. I., 1970, Titanium deposits of northwestern 

U.S.S.R. (eastern part of Palti.c Shield): Internat. Geol. Rev., 

v. 13, p. 864-872. 

Zartrnan, R. E., and narvin, R. F., 1965, Age of alkalic intrusive 

rocks from eastern and mid-continent states: U.S. Geol. Survey 

Prof. Paper 525-A, p. 162. 

20 





 T . g....11Posor-44 

• 

• 

, 

1 -

• 

-'; . 
7"--.:4"1: • 

""-



 

 

 

 

 

 

 

 

 

   
  

1

.

r. 

....t2 • -— --' --•44.• ........ .
4 ,,,,, .,., i..., ., i 1 -' - -"""" 

•1.••.• • .r.ir:—;1....1 " ,..• .....,-.: 

In allt4f11..1 11 ...g• • ....t 4—T. .. .1 #.;:r•I' • '..4.4iiiiiiretillgr - rAltlett.---I,74. ' Pait IA.12-•j*•,•,-** Afg,ltivrs - • rr 44.,.. .2 i., 
' Alt A.Sgliv ....•,!,zr.:....,.,..• 11•.. .._...,-14 ..r.i.,-
.,... tliiili. T • .1° ^=Ilirann • .4 14..4, ..- t.ktEr. .... 
,r, 2.1,,,, ..44...;,7 ..).J : ..., it4412111 ... ,... 
,1.1.74.E.44;.4 .4. h, KM._ . • 

1 ) 
• - _1•1+Ii./4..,:. kt • '.. AL'...7.'",-+:',!-C .....i'.07 ,, 

*.a. ......te, , •. u1' T '. -."... - -,• 
..,,ali*.i;?Frel4.1 . -s' • ' -. i -.--;.t...Itzli .. ,,. . .,4,,,'Ae...i. •.. son, • ii .,' l*u• . . .1 n , i.ac tii1.414 • . , 
1- Itr 911%• «Male , ,, +ar -,-."."1 . -.,;1.: ' ' 11-...... .7'1ra • ? :- .;-.--,t, .iwi -1--'• ,..-, .., 2 ..I 10 

pV.1..a..4 '-
Zt .24.• * -
Tont *AI,

j:Li4. 

'5WA-swgr,C.da.;: 
?1:E114,414-

!.«•-•:--Itat: ..:11., 

.,.,"1 •:..". -i 
xv....e..«....., 

-... 7•4_10•...•ap.• 

I4:4̂ 4.-7-.4."^ ig, .... ...-..: .,-;-:•.. .: -._•••,:..z., .;:-...,-., 1-:!...,,,........:114, 
.Z7 77.74-VglfTrt 

trl,-. ;:,,-,,,.4., ..1:-..is. ..01.: 

:zi%, .:w .,:j.,.... . .I., ...z 

' - ---.• let') .
...v4i ...ill. :.- • a„........e . ... ...„.......t, 

-1.4,4r01T f 14« 
. eatkr.,447...• t.:7. 

.:•!="4,-.4_.r. %ItT7r-'-1
:.•-:..4.;fp_ , i .ii,k,..........,„. 
•:17.41: or 14 • ic-m.
•-: 7 tate 4,."...,
4!1 

-Z it ..-*'. ;' 
re ;s =4.r.3.1,,.

"4.7.-.tIVA ,, ,•';,.t 
es 

. .,.. agi,,,,;... .. ........ ._ ......v.....74.a......... 
,re..;4ft4.2---1, 

,• -441,70.1.r4:. 4, 
. t.. i.., ..

...*. • .1.,•.
-F 

• - ..r...W . • '.,--
-r, .,.."-•••• Y 

, .4• : 71_v:::.. . . ,-..-.iregi •-• 
( -....:•;.•,-.. 4.p,-
s "I• -.:-.' a41: • •.., . ;:-.06.. .:- • 'X..I, -.1_,.

..,...,-..r.k.„1--,---", '... 

. -.4 1.fi 
ti -.1.-.0. in..,. h.; 
,raor‘sur•ir f Ni ...i. . , 1 

.1, ',al..., 4,11.;„11 4 i • :.i44.1..- .... ...r.7.1-r _.,r . - . -,,, ----rtric, _ -1.5-. • ?'
-. 

, .. , - ...3-'"-,-. "t" • i- .... . ..r........ort. •- ., ..... • ' i l-,1 t y._...-'4-,-,41. ,1" .. ...,,,,i•-• ... ,-,.. :, ....Pi •st ''''' '-i Ir• .,.... --___.,..,,, "---•.; Z'i ',". 4EA ,,..„., ,..,..' ' --,• : "W.: • ;4 4,, II. . 1. ,t. , • . . ."' ...., . 4 .. ,. 
-----f --41; .4 -6 • 

.., 
,..,4 vt-, ... ,.,,1_,. t„,. -,a•-- . AL*,,.... : :., 

,44.4 ...-.--> --.1-, , , --r? ".f.r,.....d-' , 03,,,,,...1 

..... et,t,t1,4s '.: .;.•,,,.`“....-4,....-.{,.. -• ..›•,...‘ 1%4' , 

5 h '1 0 0 0 9 E9T E 

IIII I II 11 III 1111 1 1111 NO1S321-.1.811 sosn 

ir t ..-
-";4111110ftiki-441=.0.2.1r0: = re tiZt 

https://441,70.1.r4
https://5WA-swgr,C.da

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24



