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Abstract---Fourteen monazites from several well-studied pegmatites and pegmatite districts in the 
western states have been analysed by X-ray fluorescence spectrometry for the cerium subgroup of 
rare-earth elements, as well as yttrium and thorium. The results have been correlated with the para- 
genesis, mineralogy and geology of the occurrences. They show several distinct, and in some cases unique. 
rare-earth element distributions which are characteristic not only of individual pegmatites but also of 
entire pegmatite districts. 

WITHIS the last fifteen years there have appeared many new analyses of monazites 
in which individual rare-earth elements have been determined. Among the 
more significant results are those reported by BOROVSKY and GERASIMOVSKY (1945). 

WYLIE (1950), MURATA et al. (1953, 1957), VAINSHTEIN et al. (1955, 1956a, b), and 
SEMENOV and BARINSKII (1958). With a few exceptions the monazites analysed 
were selected from a wide geological variety of deposits and from many widely- 
separated localities. Few data are available to test the compositional variation of 
monazites from a single deposit or from a group of related deposits. MURATA et cd. 
(1957) have analysed outer and inner parts in each of t#wo crystals, one from 
Grama, SBo Paulo, Brazil, and the other from Hittera. Norway. They have also 
analysed five monazites from t*he Shelby district. Norbh (‘arolina; two are from 
quartz monazite pegmatite and three from the parent qua& monazite. MJIGRATA 
pf, al. (I 958) have reported on the compositional variation in monazites from two 
Brazilian pegmatites. 

The objectives of this study were to determine the compositions of a group of 
monazites whose occurrences were accurately known: in order t,o obtain data on the 
following problems : 

1. \Vhether different specimens of paragenetically identical monazite from a 
single deposit are compositionally identical or similar. 

L’. Whether specimens of paragenetically identical monazite from different 
pegmatites in a single district show any composiCona1 variation. 

3. General compositional variations within pegmatit’e districts. 
‘l’he fourteen monazites analysed 

all but, one were collected personally 
western United Stat’es (Table 3). 

- - 
in this study are all pegmatitic in origin ant1 
by HEISKI(‘H from deposits in districts in the 
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X-RAY FLUORESCENCE ANALYSIS FOR RARE-EARTH ELEHEKTS 
IN MONAZITES 

X-ray fluorescence spectrometry was used for the analysis of rare-earth elements 
in the monazites. The elements determined were lanthanum, cerium, prase- 
odymium, neodymium, samarium, gadolinium, yttrium and thorium, which is 
commonly present in significant amounts. Rased on previous work of a similar 
nature, the accuracy of the method is within $10 per cent of the amount present 
for the less abundant elements and 15 per cent of the amount present for the 
more abundant elements (La, Ce, Nd, Th). 

Equipment 

The standard Philips Electronics X-ray fluorescence equipment used in this 
work consisted of the 60 kV, 50 mA power supply with voltage and amperage 
stabilizers. A FA-60 tungsten target tube was the X-ray source, and the analysing 
crystal was lithium fluoride having a 2d spacing of 4.028 A. No collimation was 
used between the sample and the analysing crystal, but the standard 800-plate 
collimator was placed between the crystal and the Geiger tube detector. The 
diffractometer was fitted with a helium path attachment. Sample holders of 
plexiglass were la in. wide, 12 in. long by 1 in. thick, with a cavity 3 in. wide and 
I$ in. long by 1% in. deep. The Philips Electronics circuit panel was equipped with 
a recorder for qualitative scanning and counting circuitry for quantitative 
determinations. 

Preparation of samples and standards 

A weighed amount of the 400-mesh monazite, usually O-250 g, was digested 
with 10 ml concentrated sulphuric acid and finally taken t,o dryness. To this was 
added 9.750 g of acid-washed SiO, of 400-mesh size, and the mixture was then 
ground in a suitable ceramic mortar until a completely uniform sample was 
obtained. Cniformity was determined by periodically examining a sample by 
means of X-ray fluorescence until reproducible intensities were obtained for one 
or more of the elements under examination. Standards consisting of known 
amounts of the several elements were made up in a similar manner in SiO,. The 
concentration of the standards varied from 0.5 per cent by weight for lanthanum 
and cerium to 0.1 per cent by weight for yttrium. 

For the sample size of 0.250 g and the amount of SiO, (9.750 g), a dilution 
factor of 1:40 was obtained. This reduced the amount of any element to a reason- 
ably small concentration in the sample and thus minimized any absorption edge or 
enhancement effects. 

l+ocedure 

Samples and standards were firmly packed into the plastic holders to form a 
smooth, dense surface which could be easily reproduced. The holder was then 
placed into the beam of X-rays and the helium stream was turned on. The diffrac- 
tometer was manually set to the predetermined angle for the desired element, and 
the signal was measured on the count register. Background measurements were 
made in a similar manner at a 20 setting in a clear region as close as possible to 
the 20 setting for the sample. Suitable counting times were used so as to obtain 
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statistically meaningful data. Table 1 contains the data as determined on monazite 
specimen no. 5201. The power factors used were 45 kV and 25 mA for all elements 
except thorium. The standard used for thorium was best handled at 45 kV and 
16 mA. 

Cerium was the only element which would not produce a strong line in a clear 
region. The best line for this element was superimposed upon the tungsten LIsl 
second-order line. The contribution for this tungsten order was determined and 

‘I’abl(? 1. Analytical data for specirnon no. 5201 

the total signal was corrected by this amount. The cerium standard was corrected 
in a like manner, and suitable data for cerium were thus obbained. The use of 
pulse-height discrimination in conjunction with a scintillation counter would 
simplify the determination for cerium. 

(;EOI,OGY OF THE tiPECIMENS 

Petaca District, New Mexico 

The geology and mineralogy of the Petaca pegmatites have been described by 
JAHNS ( 1946). The pegmatites possess well-developed zones and albite-rich 
replacement units. (Iharacteristic and widely-distributed accessory minerals are 
garnet, green and purple fluorite, columbite, monazite, samarskit,e. oyrtolite, 
ilmenite, beryl and rose muscovite (HENRIOH and LTWINAON, 1!&53). Monazite, 
which has been found in fifty-seven deposits or 83 per cent of all deposits examined, 
is closely associated with columbite, samarskite and purple fluorite in st,rongly 
albitized parts of pegmatites. The monazite varies in size from microscopic grains 
to masses about 6 in. across, weighing as much as !I lb. The mineral commonly is a 
medium reddish brown in colour. The formation of the monazite is part of the 
mineralization accompanying the extensive albitization, and the monazite is 
believed by the writer (HEINRICIH) to be of hydrothermal origin. 

Monazites from the following deposits were analysed: 
1. North Star pegmatite. Tablets occur up to 1 in. long and J-in. thick 

Analyses nos. SlS6, 5186, 5187. 
2. coats pegmatite. Blocky crystals from 2 to 6 in. across. Analyses nos. 

5188, 6197. 
3. Fridlund pegmatite. Tablets as much as 1 in. in length. Analysis no. 5189. 
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Elk Mountain District, New Mexico 

The Elk Mountain district, in San Miguel County, also has been studied by 
JAHNS (1946). Monazite from a pegmatite near the head of Manzanares Creek 
between Cow Creek and Bull Creek, 14 miles north-east of Pecos, has been analysed 
(no. 5190). The dikes in this part of the district are zoned and locally albitized, 
containing accessory spessartite, fluorite, columbite and monazite. Gadolinite also 
is reported. These accessories are associated with secondary albite, and the 
monazite is regarded as similar in origin to that of the Petaca district. 

Brown Derby Pegmatites, Colorado 

The Brown Derby pegmatites in the Quartz Creek district of Gunnison County 
have been intensively studied (HANLEY et al., 1950; STAATZ and TRITES, 1955). 

Monazite has been found in twenty-six pegmatites in the district, or about 1.4 per 
cent of those studied. It occurs in unzoned, zoned and complex pegmatites, 
chiefly in wall zones and intermediate zones. Common associates are quartz, 
oligoclase-albite, microcline, muscovite and black tourmaline. Three monazites 
from this district were analysed (nos. 5195, 5196, 5202). Their occurrence and 
geology are as follows: 

No. 5195. Monazite in excellent euhedral crystals as much as 2 in. long, 1 in. 
across and 0.4 in. thick, in the eastern arm of Brown Derby no. 2. This occurrence 
is referred to by STAATZ and TRITES (1955, p. 76) as being in the Brown Derby no. 1 
dike (their no. 452) but actually is in a split from the southern end of Brown Derby 
no. 2 (their no. 453). The unit, formerly exposed only in pit no. 11, forms a lens 
about 1 ft thick and not more than 20 ft long. It contains chiefly albite with less 
abundant quartz, and accessory zinnwaldite, spessartite, gahnite, blue tourmaline, 
monazite and columbite. The unit, which is estimated to contain 2.2 per cent 
monazite and 1.4 per cent columbite (STAATZ and TRITES, 1955, p. 76), is separated 
from the hanging wall contact by a 4 to 6 in. border zone chiefly of albite and 
quartz. Structurally the unit represents a mineralogically unusual phase of the 
wall zone, localized beneath a structural roll in the hanging wall contact. 

No. 5196. Monazite in anhedral pods as much as 4 in. across in the northern 
part of the Brown Derby no. 1 pegmatite. The mineral occurs in the wall zone 
consisting mainly of albite, quartz, microcline and muscovite, associated with 
clusters of muscovite books and corroded by aggregates of schorl. 

No. 5202. Monazite in small 4 in. tablets from small pegmatite, Brown Derby 
no. 7 (STAATZ and TRITES, 1955, no. 458) north of Brown Derby no. 2, containing 
albite, quartz, microcline, muscovite, and a trace of beryl. 

In all three of these occurrences the monazite is in wall-zone rock and is believed 
to be magmatic in origin. 

Trout Creek Pass Area, Colorado 

The zoned pegmatites in the Trout Creek Pass area, in Chaffee County, contain 
accessory euxenite, allanite monazite, fluorite, haematite, garnet, apatite and 
anatase (pseudomorphous after ilmenite). The monazite, which is closely associated 
with fluorite and euxenite, forms tabular masses as large as 4.5 x 2.5 x 2 in. 
(HEINRICH, 1948). These minerals occur in small masses of albite-rich pegmatite 
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formed by replacement of marginal parts of quartz-microcline cores. Two 
monazites from dikes in this area have been analysed: no. 5191 from the Yard 
pegmat.ite and no. 5 193 from the Luella pegmatite (HEINRICH, 1948). 

Guffey Area, Colomdo 

One pegmatite in the Guffey area in Park County, the Baumer pegmatite 
(HEIXRICH and BEVEX, 1957), contains accessory euxenite, monazite, allanite, and 
radioactive ilmenite. The monazite (nos. 5200 and 5201) forms euhedral t,o 
subhedral crystals, as large as 18 x 1 x 4 in., closely associated with euxenite or 
intergrown with it, in wall zone rock close to contacts with a quartz-microcline 
core. The wall zone contains mainly microcline, oligoclase, quartz and biotite. 
The monazite and euxenite are primary constituents of this unit. 

~SESULTS OP A~VALYSES AND Drscc-SSIOX 

The analytical results are presented in Table 3. Descriptions of the analysed 
monazites are given in Table 3. Noteworthy relations in t,hese analyses are: 

(1) Jn all monazites, Nd > La. This is the first set of analyses to show 
consistently Nd > La since the initial work of GOLUSCHMIDT and THOMASSEX 

(1924) on Norwegian monazites (although about IO per cent of the analyses in the 
literature have this relationship). Furthermore, the Nd/La ratio appears to be a 
district or “regional” charact,eristic of rare-earth distribution. 

(2) In the three Brown Derby examples, Sm > La. No other analyses of 
monazites in the literature show t’his distribution. 

(3) Tn all cases, Sm > Pr. This distribution has been previously noted only 
rarely in monazites. 

(4) ,4 very limited range of Ce and Pr. 
(5) -4 wide range of Y, Gd and Th. 
It, is also noteworthy that the quantity sigma (X), which is the sum of the 

atomic percentages of La, Ce and Pr proposed by MCRATA et al. (1963) as an index 
for the composition of cerium-earth minerals, is in the range 51-55 for the three 
J3rown Derby monazit,es, t,he previously reported low being 58. The low sigma 
value means t,hese monazites arc considerably enriched in t,he heavier lanthanides 
in comparison to most other monazites. The possibility that available lanthanum 
may have been capt.ured in potassium minerals was considered, but none (our 
limit of sensitivity is estimated to be 25 p.p.m.) was found by emission spectroscopy 
in microcline, cleavelandite or muscovit.e? as well as in euxenite from these 
pegmatites. The relatively-low content,s of La and Pr with the corresponding 
abundance of Nd and Sm in these samples is perhaps analogous to some monazites 
noted by \‘AISSHTEIN CL al. (1!)561)). from Fennoscandavia and ot,her areas. The) 
noted a “pegmatit,ic effect”, in which there was a significant enrichment of Sm and 
t.he heavier rare earths and a decrease in La and C’e in certain pegmat’itic monazites 
in comparison to monazites from the parent granites. Alt,hough no rnonazite has 
been report.ed from t.he parent, granite of the Brown Derby pegmatites, an analysis 
of such a monazit,e seems desirable. 

Inspection of analyses 5 185,5186,5 187 (Table 2) from the North Star pegmatite 
shows that. specimens of paragenetically identical monazites from a single pegmatite 
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are remarkably uniform in their rare-earth composition. These analyses show also 
that there is about the same order of variation between the two composite samples 
(5185, 5186) ;LS there is between the composites and the single-crystal sample (5187). 
This is in accord with results by ~~~TR~T~ tf al. (l!fii$), who showed t#hat analysis of 
duplicate samples of monazites (their nos. fi and If)) from quartz monzonite in the 
Acre Rock quarry, Shelby dist)rict, North (‘arolina, gave very close results for the 

x0. 

5185 j 

5186 

518i 

5188 / 
I 

5197 

5189 

5190 ! 

5195 

5196 \ 

5202 

5191 ; 

5193 

5200 / 

5201 

Localit,y 

X’orth Star p~#rn&itc, 
Pota.ctt (list,. , NM. 

North Star pegmatitc, 
Pet,ar!a tlist,., XX. 

Nort,h St,ar pegmatite, 
Petacnt dist . , N.M. 

Coats pegmstitn, 
Petaca dist,.. N.31. 

Coats pegmat itc. 
Petaca dist . . N.M. 

Fridlund pegmatite, 
Petttca dist., K.M. 

~~anz~nares Creek. 
Pecos, xx 

Brown Derby no. ?2 
pogmetIite, eastern arm 
Gunnison Co., 0210. 

Jb.wn mTb?_ 110. 1 
pegmatitr. Gtmnison 
Co.. Coin. 

Brown Derby no. 7 
pegmatite. G~mnison 
Co., Colo. 

Yard pegmatit’e, 
Tro~~t C!reek Pass, Colv 

Luella pogmatite, 
Trout, C’resk Pass, C’okr. 

12anmor prgmaGte, 
Guffey area, Cola. j 

Baumer pegmatite, 
(luffs arna, (‘010. <. 

C!omposita swmple from mana- csr>-st,als 
and grains; light) l~rcnvn. 

Composite sample from many c~rystals 
and grains; Inntiium brown. 

Part of a single erysistd dark itrctwn. 

C~omposibe sample from sevwd 
crystal fwgments. 

Fragment from :I, single larprb 
crystal. 

E’ragmcmt from it single t:r,vxtul. 

Fragmnnt from a single crystral 

A single euheclral crystal. 

I’art of :t large single corrodtvl 
crystal. 

A single crystal. 

Composite from several crystal 
fragments. 

Composit,e from several crystal 
fragment.s; dark brown. 

Part3 of singfe xubhotlrdl wystal. 

I’art of single srrbhedral erwt~l: 
closely associated wit,h erlsc>nit,ct. 

rare earths. Their results show a much greater ThO, variation (1 O-!f and 7-T per 
cent) than do ours (10.7, 11.8 and 11-2 per cent). 

Similarly a comparison of the two analyses (5188, ;i 197) of Coats monazite and 
of the two analyses of Baumer monazite (5200, 5201) emphasizes the relative 
uniformity of composition of paragenetically identical monazites from the same 
pegmatite. In both cases the C’s and the Ce/(Nd i;- Y) ratios (suggested by 
MT~RATA ef a.l., 1957) are very close. 

Paragenetica~ly-identical monazites from different pegmatites in the same 
district (51SEi, 5186, 5187, 5188, 5197, 5189) (5195, 6196, 5202) (5191, 5193) sko 
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show but minor rare-earth variations and a somewhat greater thorium variation, 
although by no means as large as between districts. Three distinct groupings of 
the monazites on the basis of their rare-earth distribution can be made: (a) the 
Petaca + the Pecos monazites (C = 66.3-69.9); (b) the Trout Creek Pass + the 
Baumer monazites (C = 66-l-67.1); and (c) the Brown Derby monazites 
(C = 51.4~55.6). It is noteworthy that the Elk Mountain pegmatites (Pecos 
monazite) are mineralogically and geologically similar to those of the Petaca 

ATOMIC 
PERCENT 

5or 

a MURATA et 01 ,953, ,937 

AVERAGE OF 23 YONA.?f TES 

0 PETACA DlSTRtCT 

AVERAGE OF 6 MONAZlTES 

m BROWN DERBY PEGMATITE 

AVERAGE Of 3 MONAZiTES 

La Ce Pr Nd Sm Gd Y 
57 56 59 60 62 64 39 

Fig. 1. Graphic presentation of rare-earth element distribution in selected monazites. 
(Numbers below chemical symbols are atomic numbers.) 

district, and the two groups may be consanguineous. Likewise the Baumer 
pegamatite and those of Trout Creek Pass may well belong to the same pegmatite 
clan on the basis of mineralogy and geology. Thus, for the monazites here studied 
there appears to be a rare-earth element distribution that is characteristic for a 
particular pegmatite district. Fig. 1 presents a graphical comparison of the rare- 
earth distribution of monazites from the Brown Derby and Petaca districts, as well 
as an average of the twenty-three monazites analysed by MURATA et al. (1953, 
1957). To s, somewhat lesser degree the Th content for a particular district appears 
restricted to a characteristic range. The data suggest that it may well be possible 
to correlate pegmatites on the basis of the rare-earth element distribution in their 
monazites. 

The Brown Derby monazites are the only ones of the group not closely or 
commonly associated with a radioactive multiple-oxide mineral such as samarskite 
or euxenite; they also are very low in thorium. The Brown Derby monazites also 
are clearly magmatic in origin.* The Baumer monazites also are probably 
magmatic and are second lowest in thorium content. That any more general 
significance can be attached to this relationship seems unlikely inasmuch as 

* For detailed presentations of the data on internal structures, mineral paregeneses and conclusions 
on the origins of the monazites in the various districts, reference may be made to the literature for the 
various districts: JAHNS (1946), STAATZ and TRITES (1955), HANLEY ela2. (1950), HEINREH and BEVER 
(1957). 
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MUBATA et al. (1957, monazites 6 and 19) found less thorium in a pegmatitic 
monazite than in a monazite from the genetically related normal quartz monazite. 
Thorium variations appear to be relatable chiefly to district characteristics. 

Autoradiographs were prepared of specimens from nearly all of the localities 
represented by the analysed monazites. The autoradiographs display three types 
of density patterns : 

1. Essentially homogeneous distribution of the radioactive element,s (North 
Star, Coats, Brown Derby no. 1 and no. 2, Yard, Luella). 

2. Crystallographically oriented zones of contrast,ing radioactivity (Brown 
Derby no. 1, Fridlund). 

3. Non-systematic variations in radioactivity (North Star, Pecos, Luella, 
Baumer). 

Although the differences in intensity are slight, they are readily discernable on 
autoradiographs of 15 hr exposure. These autoradiographs also clearly reflected 
the differences in overall ThO, content revealed by the analyses: the autoradio- 
graphs of the Brown Derby specimens were by far the lightest,. 

Ac~noluledgernents--The writers are indebted t,o The Dow Chemical Company for permission to 
publish the results of the analyses, and to the Michigan Memorial-Phoenix Project, for support’ 
of Various phases of the laboratory study of the minerals under Project no. 150. They also are 
grat’eful to H. J. ROSE, JR., of t,he 0.S. Geological Survey for supplying a specimen of monazite 
analysed by emission spectroscopy in order that we could confirm the reliability of our standards. 
This comparison is as follows (U.S. Geological Survey sample 516007): 

/ 
U.S. Geol. Survey 

I 
This paper 

emission spectroscopy X-ray fluorescence 

(wt. 04) (wt. %) 
-. 

La& 24.9 25.5 

coo, 48.2 40.6 

Pr,% I 5.1 4-J 

NdP, 16.X 16.3 
Sm,O, 2.2 2.5 
Gd,O, 0.6 0.3 

*@a 1.x 1.5 
_____ 
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