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Fig.9I)..E·G. Variation of thorium and uranium ecncemenlcos and ThlU ratios in alkalic 
volcanic and hypabyssal rocles of Big Bend National Park. TCXlI.S. U.S.A. [From P.eTEIU.fAN. 
z. E.: unpublished, personal communication (1963): based on data from LAnSEN and 

GOTIFRIED,19601 

content. Plots of thorium against potassium are almost invariably quite linear. In 
PE'rER!fAN'S (1963) summary, the number of differentiation sequences in which 
thorium has been studied is less than the number in which uranium has been studied. 
The sequences in which uranium conrenr increases with differentiation are listed in 
Table 92-E-2. Among those sequences ate several in which rbe thorium content has 
been found to increase toward the younger members of the sequence; these are 
listed in Table 90-E-2 (Figs. 90-E-5 to 90-E-8). 

Variation in the Th/U ratios in igneous rock series has been a topic of consider­
able discussion. LARSEN, 3rd and GOTTFRIED (1960) found no general relationship 
between the ratios and position in several differentiation sequences. Among the 
sequences summarized by PETERMAN (1963), however, some increase in the Th/U 
ratio toward the younger members of the series is shown by the White Mountain 
and Oliverian intrusive sequences, whereas the extrusive sequences in the Mariana 

. Islands, Lassen Park, and the VallesMountains show a decrease in the Th/U ratio 
with increasing differentiation. A general Increase in the Th/U ratio with differentiation 
has been proposed in several papers. ROGERS and RAGLAND (1961) found a weak, 
though sraeierieally valid, relationship between Th/U ratios and potassium content for 
a large suite of silicic intrusive rocks (Fig. 90-E-9). The increase in ratio with differen­
tiation is attributed to [he oxidation proposed by OSBORN (1959) as necessary for [he 
evolution of granitic magmas. HEIER and ROGERS (1963) found a linear relationship 
between Th/U ratio and potassium ccnrenr for various apparently primary basalts 
(Fig. 90-E-I0). As shown in Table 90-E-l, the Th/U ratio for many basic rocks is 
somewhat lower than lor silicic ones. 
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Fig.90-E-7. Variation of thorium and uranium ccncenreadons and ThlU ratios for the: 
Southern California. Batholith, U.S.A. [From P.ETl'::R~IAN, Z. E.: unpublished, personal 
ccmmunicnicn (1963); based on daci from LARSEN, 3 d, and GOTTFRIEO, 1960; LARSEN JR., 
and GOTTFRIED, 1961; WHITFlI:LD rt 01., 1959; ROGERS and RAGLA~D, 1961; HEIER and 

RDGERS, 1963; :lnd personal cornrnunication from D. GOTTFRIED1 

Table 90-£-2. SUJlltnur of ;glfrolls rodu sholll;ng;nrrroSt of Ibarium 
lt1lfJrlfJ Jolllard Ihr )'O/olgrr rodu 

Eatrusive series
 
Lassen Volcanic Narional P:lrk (ADAMS, 1955; LARSEN, 3rd,:lSId GOTTFR''''D, 1960)
 
Modoc area, California (GonfRIED and LARSEN JR., 1958; LARSEN, 3rd, and GOTT­

fRIED, 1960)
 
Valles Mountains, New Mexico (LARSEN, 3rd, end GOTTfRIED, 1960) (Fig. 90-E-5)
 
Big Bend National Park, Texas (GOITFRII:.O rJ 01., 1962) (part intrusive) (Fig.90-E--6)
 
Mt. Garibaldi urea, British Columbia (GOTTFIltEO rJ 01., 1963)
 
Strawberry Moumajns, Oregon (GOTTfRIED rJ aI., 1963)
 

Sills and shallow int{U~ives
 

Augusta Couney, Virginia (GOTTFRIED rJ 01., 1962)
 
Duluth gabbro, Minnc:so[a (HEIER end ROGERS, 1963)
 

Plutonic sequences
 
Southern California batholirh (LARSEN, 3rd, and GorrFRlf:D, 1960; LAnsEN JR. and
 
GOTTI'RIED, 1961; WHITFIELD rl al., 1959; RDGER~:I.fld RACLA:-lD, 1961; HEIER:lIld
 
RoCERS, 1963) (Fig. 90.E-7)
 
\"qhite Mountain magma series, New Hampshire (BUT1.£R, 1961: ROCJ;;RS and RAGLAND,
 
1961; ADAMS rJ 01., 1962)
 
Olive:rian series, New Hampshire (ROGERS and RACLAND, 1961; Lyo~s, 1961) (Fig. 90-E-8,
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The preceding paragraph indicates a discrepancy in the variation of Th/U ratios 
which has not been satisfactorily explained. Where rocks from a variety of plutonic 
andlor extrusive: sequences arc compared, the Th/D ratio is generally higher in the 
more differentiated rocks, i.e., in those containing more silica or poc:a.ssium. The few 
intrusive sequences which show systematic variation in Th/D ratios also exhibit an 
increase in the ratio with differentiation. Where there is variation in the: Th/D ratio 
in extrusive sequences, however, the ratio decreases toward the younger rocks, 
despite the pronounced correlation between ThfU and potassium content found for 
apparently primary basalts. No comprehensive explanation of these observations is 
yer available. 
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Fig.90-E_10. Relationship between Th/U ratio lind potassium content in vencua mafic 
igneous rocks. (From H£u;/\ lind ROGERS, 1963) 

ID. Provinces of High Thorium and Uranium Contents 
Higb thorium and uranium concentrations appear to characterize the igneous 

tacks farmed aver considerable periods of rime. within certain areas. One excellent 
example is the Colorado Front Range, studied by PHAIR and GOTTFRIED (1964). 
Here thorium cnncemrarions at least twice as large as the average for crarcnie rocks 
are found in igneous racks ranging in age from Precambrian through Laramide. 
Thorium concentrations of rocks within the Front Range area contrast markedlv 
with the concenrradons in rocks of equivalent age outside of rhe province. 

Another area of high rhorium concentration is rhe general New England region. 
Here the dominantly alkaline granires ranging in age from Paleozoic through lower 
Mesoacic have concentrations of rhorium as high as 50 or more ppm and equivalenr 
high abundances of uranium. The major example is rhe Triassic Conway granite of 
New Hampshire (ADAMS er tI/., 19(2). Alrhough the data are not adequate, there 
seems to be some tendency for New England granites ro have a sligbtly higher ThlU 
ratio than those elsewhere in the United Srares (ROGERS, 1964). Higb contents of 
thorium and uranium had not been found in the rocks of the Pacific Coast area 
until the comparatively recent work of WOLLENBERG and SMITH (1964). It is possible 
that the genera! tendency for granites from the western United Stares to be high in 
sodium and comparatively deficient in potassium, whereas those of the eastern 
United States are more potassic, is refiecred in the tendency for higher thorium and 
uranium contents in the eastern geaniecs. The concepr of tborium and uranium 
provinces is discussed in more derail by PEttRMAN (1963). 

A possible relationship berween age and ThIU rados has been suggested by 
WHtTFtELD er "I. (1959) for granites in North America. In general, Precambrian 
granites in rhis area have a slightly higher Thj'U ratio man geaniees of orher ages. 
This higher rario is primarily ehe result of slightly lower uranium conrenr, and it is 
possible rhaI Precambrian rocks have suffered depletion of uranium owing to up­
ward migration of the element throughout geologic time. 



90-E-12 Thorium 

The homogeneity of thorium and uranium distributions in the silicic intrusive 
rocks has been discussed by ROGERS (1964) and ROGERS rl at. (1965) based on an 
interpretation of frequency distribution of the elemental abundances. The diserlbu­
tion of thorium within homogeneous hodies such as the Conway granite of New 
Hampshire was found to be homogeneous (lognormal), although the distribution of 
uo.WUIIl was non-bomogeneous. Presumably the rhorium distribution is related to 
pcimary crystallization processes, whereas the uranium has undergone surficial 
redistribution which has altered the primary homogeneous distribution (Seccioo92-G). 
The thorium coneenrs of New England rocks are not homogeneous for populations 
which include several plutons owing to differences in the abundances of thorium 
in' the separate bodies. The secondary surficial control of uranium, however, yields a 
homogeneous distribution from the surficial rocks of a population Whichincludes a 
large number of New England plutons (Fig. 92~E-2). The problem of distribution 
of thorium and uranium within relatively small areas of rock has also been discussed 
in the Russian literature; (see, for example, LEONOVA and RlwNE, 1964). 





Thorium 

90-G. Behavior during Weathering and Rock Alteration 
As discussed more fully in the chapter on uranium (Section  thorium and 

uranium ate commonly fractionated during surficial processes owing co oxidation 
of uranium to the soluble uranyl ion. The relatively immobile thorium becomes 
concentrated in residual materials such as soil and weathered rocks. Two examples 

may be cited of rhe residual accumulation of thorium. One is the high concentration 
in bauxite as reported by ADAMS and RICHARDSON (1960), who found concenrranons 
in the general range of 50 ppm or more. Thorium in bauxites is contained largely in 
resistate minerals such as zircon but also partly in the aluminum hydroxide minerals, 
possibly by adsorption. Residual accurnularions in clays are also noted by  

and WEAVER (1958). 
A second example of retennon of tborium during weathering and alrerarion is the 

Penasylvanian weathering profile on the granite of Flagstaff Mountain, Colorado 
(PULE.II. and ADAMS, 1962b). Thorium concentrations in this subrropicallv 
weathered marerial arc as high as 34 ppm in (he most thoroughly keoliniacd rock. 
The thorium is partly in resistare minerals hut in large part attached to rlie clay 
(Fig. 92-G-2). 

R.Ned ""'n....,.;p. ro=i.....J, Jul,   
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Thorium 90-H-1 

90-H. Solubilities in Waters; Valence States 

Thorium OCCUtS in nature only as the tetravalent ion. The close association of 
thorium and potassium in a wide variety of rocks, however, together with the 
concentration of all radioactive materials toward the outer part of the earth (see 
Section 92-Q, indicates chat thorium is probably closely coordinated with oxygen 
ions. This coordination complex provides the low density necessary for upward 
migration which the individual thorium ions would not show. 

Thorium forms a large number of salts such as the sulfate, chloride, etc. whicb are 
soluble in acid solutions. Sligbdy basic solutions however, hydrolyse the thorium 
ion to an oxide or hydroxide precipitate. The solubility is commonly given in rerms 
of rhc solubility product of Th(OH),t> which is apprcximarely lO....u. 



90-1-1 Thorium 

90-1. Abundance in Natural Waters 
The low solubility of manum in natural waters is demonstrated in Table 90-1-1 

for sea water and in Table 90-1-2 for fresh water. Solubilities ace in the tMge of 
1()-6 to 10-6 ppm (10-2 to 10-3 ppb). Comparison wirh Tables 92-1-1 and 92-1-2, 
which show comparable values for uranium, indicate a Tb/V racio of about 11)-2 to 
10-3 for most warers. The determination of thorium concentrations in waters is 
extremely difficult and in some cases is inferential; the problem is discussed in various 
papers by F. Koczy and co-workers. 

Table 90-1-1. ClmfmJJ ojJh~ri_ in Jra I1Jt1J~r 

Locarion Th Method Rd"etc:ncc: 
ppb 

Scandinavian waters <0.5 W FoYN tf 0/. (1939) 
Scandinavian waters 0.-.< F. Ko=1" (1956) 
Scandinavian waters <0.02 automdio- F. Kocer tf aJ. (1957) 

graphic. 
Paci6c (deep 0=) <0.05 R S"CUTT tt al. (1958) 
Indian Ocean 0.01 B,uuNOV and KHRISTI,o\NOVA (1959) 
Black Sea 0.0022 W S.....R.lK # ai, (1959) 
Sea of Azov (central parr) 0.004 R NIKOL....EV tt ",I. (1961) 

Table 90-1-2. COli/mil aj t~rifll1l ill '","limn/aJ l1Iaters 

Location No. of Th Method Reference 
samples ppb 

Rivec water 0.01 ealeu­ Koc2'X (1956) 
laeicn 

River waeees of Japan 10 0.027 C Mrr....K£ et oi. (1964) 
Waters of Florida 7 0.• R OSlolONO (1964) 

R.riI<d lIW'.u>a;pt ..mT<d: fuly lB'b. 1967 

o Sj>ftnlt",.v...l.oll" 8<<lift· Htiddbor\r 1%9 



Thorium 90-K-1 

90-K. Abundance in Common Sedimentary Rocks 

As discussed in the chapter on uranium (Section 92-K), the major factors controll­
ing the distriburion of thorium and uranium in sedirnenrarv rocks arc: 

1. The tendency of thorium and uranium to fractionate because ofoxidation of the 
uranium to the soluble uranyl ion. 

2. The precipitation of uranium out of solution in reducing environments, 
carbonates, etc. 

3. The selective adsorption of thorium in days and its retention in heavy rcsisrare 
minerals. 

A more complete discussion of the comparative .geochemistry of thorium and 
uranium in sedimentary rocks is given in Section 92-K. The present section considers 
only the concentrations of tborium and rhe Th/U ratios in various sedimenraty 
rocks. Dam are given in Table 90-K-l, and comparable data for uranium are given 
in Table 92-K-1. 

The concentrations in sandstones shown in Table 90-K-l are based on reasonably 
complete sampling of orthoquaittites, fair sampling of graywackes, and very poor 
sampling of arkoses. The problem of sampling sandstones and also of establishing 
valid sandstone populations is discussed bv ROGERS and RrCHARDSON (1964). 
The volcanic graywackes shown in Table 90-K-l are important because the}' 
represent tbe average composition of rocks of the Caribbean orogen and thus give 
an Imegrated average of the amount of radioactive material that has been derived 
from igneous sources during eugeosyndinal activity. 

Ordinary shales with colors ofgray, green, ecc. have a thorium content of 12 ppm 
and a Th/U ratio in the mnge of 3.5 to 4 (Fig. 90-K-l). As discussed in Section 92-K, 
these values are similar to those for the average granite. Black shales nave a variable 
thorium content but a tow Th/U ratio owing to their high eonrenr of uranium. The 
high concentration of tboriurn in bauxites (Fig. 9O-K-2) is discussed in Section 90-G. 
The concentration of thorium in bentonites is high for the same reason as ill bauxites. 

Thorium concentrations in limestone (Fig. 90-K-3) ate low because thorium does 
not enter the carbonate lattice readily. A dose reladonship has been established bet­
ween thorium concentration and insoluble residue conrenc of limesrones (Ao ....Ms and 
WEAVER, 1958), thus demonstrating that most of the thorium in limestones is in the 
clay or heavy mineral Fraeriou. The Th/U ratio of limestones is obviously very 
low. Thorium is almost completely absent from evaporites. 

The thorium content and Th/V ratios are given in Table 90~K-l for a variety 
of modern oceanic sediments. These sediments are abo discussed in section 92-K. 
It should be noted here that the low Th/U ratios reported by BARANOv and KHRISTJA­
NOVA (1963)are not ecsilyexplained in terms of sedimentation processes. In particular, 
the finding of high thorium concenrrarions in pelagic clays and managanese-rich sedi­
ments (see, for example, GOLDBERG and KOIDE, 1962)seems incompatible with the low 
Th/U ratios reported in the sediments summarized by BARANov and KHRIsrIANovA. 

D Spriniu.Valo" ll<rlin· Ilri<l<lbc'1l' 1969 



~Table 90·K-1. COil/mil oj /horil/ni and TbtU r4/iM ill stdiwt/lMry rod:.s 0, 
Rock type No. of 

samples 
Th 
ppm 

Th/U Method Reference '", ~ 

.ro/llu/ollu 

Drrhoquartairc 
Noeth American cv. 
l\1cS:J. Verde 
Gulf Coagt beach s:lnJ 
Atlantic Coast beach sand 

16 
8 

29 
54 

1.7 
2.7 
1.49 
9.05 

3.8 
1.6 
2.53 
2.82 

It 
It 
It 
It 

MURRAY end AllAMS (1958) 
PLILER and ADAm (1962a) 
MUlDAvl (1964) 
1'o!AIJl>AVI (19M) 

Voleanic ~nywackc 

Caribbean 
Umpqca (Oregon) 

14 
4 

1-2 
2.8 

-2 
_2 

It 
It 

ROGEJl,~ nml DONNELLY (1966) 
ROGER~ (1966) 

Other graywackes . 
(esrimnred average) 

Arkosc 
(estimarcd average) 

6.7 

5 

ROGl,RS end RlCllARDSON (1964) 

ROG£as and RICHARDSON (1964) 

-i 
~ 
0,. 
0 

3 
J'brrlu 

North American gray and green 
Russian platform 
Mancos 
red and yellow 
black 

52 
178 (camp) 
102 

10 
numerous 

13.1 
11.0 
10.2 
12-13 

4.9 
2.7 
3.1 
6-7 
low 

It 
emanation 
R 
R 
various 

ADAm anci WEAVER (1958) 
DAMNOV t/ 01. (1956) 
PLILER and ADAm (1962a) 
ADAMS and WEAVER (1958) 
SWANSON (1961); BAT£S and STRAI1L (1958) 

Bal/xi/u 29 48.9 5.1 R AOAm and RICII.... RIl~ON (1960) 

Btl//ol/iles 64 24.0 5.8 various AOUIS and WEAVER (1958) 

Linlts/allu 

North Americ:m cv. 
Russian platform 
Eniwelok core B-1 

25 (comp) 
128 (comp) 
21 

1.1 
2.4 
0.05 

0.7 
1.1 

R 
emanation 
0.02 

ADAM, anJ WEAVER (1958) 
BARANO\' t/ of. (1956) 
SACJ.:ETT anJ POTRATZ (1963) 



T:l.blc 90·K-l (Conrinued) 

Rock lj'pe No. of 
samples 

Th 
ppm 

Th/U Merhod Reference 

P/;rupbalt ror):! 1-5 <0,1 various References summarized by MCKELVEY (1956) 

Po(iji( ortalJ mliMtIIlr 

Sands 
Muds 
Clayey muds 
Siliceous and diatomaceous 

muds and cbyey muds 
Pd:ll:;ic elnys 
Pelagic clays 
Pelagic clays 
Manganese nodules 

II/diall ouall udi1//tnlr 

5, 
6 
9 

13 
5, 
4 

1.2 
2.7 
4.8 
2.2 

6.8 
3.1-8.5 
9.3-11.2 

24-124 

0:4 
1.2 
1.8 
low 

1.7 
2--4 

Vll.riou~ 

vnrloua 
various 
varinus 

various 
radiochemical 
R 
C 

Summary by BARANOV and KlIltlSl'lANOVA (1963) 
Summary by BARANOV lind KHRISTIANOVA (1963) 
Summary by BARANOV and KnRISTIANOYA (1963) 
Summary by BAJl.ANOY lind KHRISTIANOVA (1963) 

Summary by Ihll.ANOV and KllIUSTtANOV.\ (1963) 
PICCtOTTO and WILCAIN (1954) 
GOLDBEIl.G end KOIDE (1962) 
GOLDBERG and Prcciorrc (1955) 

-< 
" 0 
" 0 

3 

Various muds 1-2 3-4.5 vaetocs Summary by BARANOY end KHRISTIANOVA (1960) 

AllaT/tit arran wlillltlllr 

Pelagic clays 
Glubigcrill:l ocaes 

2 
5 

30 
5.1 9.9 R 

EI. WAKEEL and RILE'" (1961) 
ROSHOLT tt at, (1961) 

Caribbran wlimmlJ 

GlobigerillR oozes 17 5.5 5.5 R ROSHOLT tl a'. (1961, 1962) 

Dla(k Sta udimtlllJ 

Muds 44 7.' ,., 
(41 sple.) 

STARt" rl aJ. (1961) 
~ 
0, 

'", w 
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Fig.90-K-1. Histogram of thorium concentrations and Th/U ratios in North. American 
gray and green shales and Russian Platform shales. (From AO,UIS and WE,WER, 1958; 

Russian Platform data from B"flANov, RONOV, and KUNASHOV". 1956) 
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Fig.90-K-2. Histograms of thorium concentrations and Thill r:uios in a world-wide: 
sampling ofbauxirc:s. (From Ao.Hls and RIcnAJ\oSD~. 1960) 

It is possible, however, that some major sedimeneaey fractionation occurs on the 
sea floor, yielding high thorium concentrations in some varieties of c1a~ and com­
paearively high uranium concentrations in orher materials. 
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Fig.90*K-3. Histograms of thorium concentrations and ThIll ratios in aggregate samples 
of'carbonate rocks. {From ADAMS and WEAVER, 1958; Russian Platform data from HARANOV, 

RONOV, end KU;"-ASHOVA, 1956) 
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90-L-' Thorium 

90-L. Biogeochemistry 

Thorium .is ncr known to be an essential material in any organic procc.ss. BOWI£ 
and ATKIN (1956) reporr a thorium concentration of as mucb as 4,500 ppmin a fossil 
6sh skeleton, but most organisms and organically derived materials contain. essentially 
no thorium. Tbc problem of dealing wieh the exceptionally low manum concentra­
tions which occur in organic marerial and me possible biological significance of 
thorium is discussed bril:Hy by EDGINGTON (1965). 



Thorium	 90-M-l 

90-M. Abundance in Common Metamorphic Rock Types 
The concentration of thorium in a variety of metamorphic rocks is shown in 

Table 90-M-1. The Th/U ratios are also shown in this table and are based on uranium 
data given in Table 92-M-t. Concentrations of thorium and the Th/U ratio are 
highly variable from one metamorphic rock ro another and clearly depend on a 
variety of factors, including parent rock composition, mernsomatic eseces, and the 
possible sampling difficulties caused by segregation during metamorphism. HEIER 
and AD....MS (1965) have suggested that high-rank metamorphic rocks contain less 
thorium and uranium than low-rank rocks as a result of selective removal of these 
materials from rhe deeper partS of the crusr. The data for this conclusion, however, 
are nor complete. Other generalizations concerning the thorium and uranium conrenrs 
of metamorphic rocks canner be made from the small number of measurements 
currently available. 

Table: 90-M-1. COI/JtllJs 0/ JIYJriww tVld ThjU raJiDJ in mtfamDrphir rorJu 

Rock cype:	 No, of Th ThfU .Method Reference 
samples ppm 

Amphibolite 3 5 1.4 R HUSM....NN (1956) 
(Schwarawald, Ge:nnany) 

Biotlte-Hornbl. Paeagneiss 2 27 13.5 R HUSM"'NN (1956) 
(Schwan.wa..ld. Ge:nnany) 

Paeagneiss 4 6.4 0.' R HUSM"'NN (1956) 
(Schwarzwa..ld, Germany) 

Granulite: 2 21 4.3 R Hun''''NN (1956) 
(Schwarzwald, Germany) 

Orthognciss 4 5.5 1.5 R HUSM"'NN (1956) 
(Schwarawald, GermallY) 

l\iet:ltectite: 4 22 4.6 R HUSM"'NN (1956) 
(Schwarzwald, Germany) 

Diatecrire 4 3 0.3 R HUS~I"'NN (1956) 
(Schwarzwald, Germany) 

Ccrdierite Gneiss 21.8 3.8 R HUSIo(...NN (1956) 
(Schwarzwald, Germany) 

Orthoclase: meracryee 67.7 1.5 R HUSMANN (1956) 
(Schwarzwald, Germany) 

Kinzighe 7 R HU5~I"'NN (1956) 
(Schwarawald, Gam:any) 

Marble 2 0.03 0.2 R PLlL£Il. (1956) 
Slate 14 7.5 2.8 R PLlUIl. (1956) 

(mainly Michigan) 
Phyllite (mainly 7 5.5 2.8 R PLiLEIl. (1956) 

Arizona-New Mexico) 
Schisr (New Mexico) 4 7.5 3.0 R PLILER (1956) 
Mafic rocks 82 10 3.1 W KRYLOV (1958) 

(Tcrskci Ala T3.u Mts.) 

(!:l Sprin~_Vul.og Bulin· Hciildbug J!lIl~ 



90-M-2 Thorium 

Table 90·M-l (Continued) 

Rock type 

Gneiss (Texas) 
(Almandine-Amph. Facies) 

Amphibolite (Texas) 
(Almandin.e-Amph. Facies) 

Graphite Schist (Texas) 
(.A1aw1dim:-Amph. Fades) 

Light Gneiss (Llng0y, 
Norway) 
(Amphibolite Facies) 

Amphibolile (ung"y) 
(Amphibolite Facies) 

Intermediate Gneis.s 
(WgllY) 
(Granulire Facies) 

Monzonite (LlngBy) 
(Retrograde Gneiss) 

Granite (L:l.Clg0Y) 
(Rettogr:ade Gneiss) 

Biotite Schist 
(Front Range, Coleeado) 

Blodre-Hemei. Schist and 
Ampbibolite (Front Range) 

Monzonite (LUClg0Y) 
(High Graculire Facies) 

Banded Gneiss (Llngoy) 
(High Granulite Facies) 
G~ (Langey) 

(Low Granulite Facies) 
Gcees (Lcngey) 

(High Amphibolite Facies) 

No. of Th ThrU 
samples ppm 

13 13.1 4.75 

,. 0.31 0.79 

3 6.16 2.66 

5 15.08 > 7.36 

7 4.2 - 3.8 

2 9.25 

2 3.3 > 2.8 

8 <14.4 >12.89 

11 18.8 

4 10.6 

3 1.18 1.7 

• 0.85 3.07 

5 4.09 3. 

3 9.39 13.4 

Method 

R 

R 

R 

R 

R 

R 

R 

R 

W 

W 

R 

R 

R 

R 

Reference 

BU.l.JNGS (1962) 

Bn.l.INGS (1962) 

BILl.INGS (1962) 

Haran (1962b) 

Haraa (1962b) 

HEIEIl. (1962b) 

Heres, (1962b) 

REtEll. (1962b) 

PHAIR and GOTT­
PRU.D (1964) 

PHAIR md GOTTo. 
Fll.lI'.D (1964) 
HEtER and AOAMS 
(1965) 
HEIER and ADAMS 
(1965) 
HEU::1l. and AnAMs 
(1965) 
!IEn;R and ADAMS 
(1965) 
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90-N. Behavior in Metamorphic Reactions 
As mendoued in Section 90-M, there is some:possibility that thorium and uranium 

arc: depleted from high-rank rocks owing to upward movement chcough me crusr 
during major meramorphism. No dacaare available on me behavior of thorium during 
metamorphism eirher from laborarcry studies or from complete sampling of meta­
morphic terrains. 

R..i.<l lIWl""'rip' rccei...d, J"I, IBth. 1!l67 
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90-0. Economic Utilization 
At the present time thorium is of minor economic interest with annual production 

rarely exceeding a thousand tons of metal. -The metal is used in magnesium alloys 
and incandescent gas mantles. Current research on the breeding of Th2:lZ to make 
fissionable U2:13 for power generation may lead to a gready expanded market. 
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