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Abstract

Minerals of the monazite structural group include arsenates, phosphates,
and silicates with the general formula ABO4 where A = Bi, Ca, Ce, La, Nd, Th, U,
and/or Y; and B = P*>, As*d, and/or Si*®. Monazite-family minerals contain
essential REE and POg4, and may have minor amounts of other elements. Monazite-
(Ce) is the predominant species, constituting 763 analyses (Tables 1 to 3).
Another 18 analyses are for other species of monazite and gasparite-(Ce) (Table
4), cheralites (Table 5), and huttonites (Table 6). Two additional tables list
average compositions of monazite-(Ce) from various rock types, and a final table
indexes the analyses of monazite-(Ce) according to the localities.
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The monazite structural group of minerals consists of monoclinic arsenates,
phosphates, and silicates of thgsgene§a1 formula A§0 where A = Bi, Ca, Ce,
La, Nd, Th, U, and/or Y; B = As , and/or sit The minerals in this group
are:

Brabantite, CaTh(PO

Cheralite, (Ca,Ce Th)%P Si)0
Gasparite-(Ce), (Ce La, Nd)A56
Huttonite, ThSiO

Monazite- (Ce . (ée La,Nd,Th) (P,Si)04

Monazite-(La), (La,Ce,Nd)PO,
Monazite-(Nd), (Nd,La,Ce)PO,
Rooseveltite, BiAsO,

Rooseveltite has not been reported to contain rare earth elements (REE) and will
not be considered further here.

Brabantite has been reported to contain 3.05% RE,0,, but individual
lanthanides were not determined. Figure 1 (modified ?rom Bowie and Horne, 1953)
shows the relationships of monazite, cheralite, huttonite, and brabantite.

Within the monazite group, the monazite family consists of minerals
essential REE as cations, and essential phosphate (arsenate in gasparite-(Ce))
as the anion. Non-essential Th, Ca, Mg, and Pb may substitute for the REE and
Si may substitute for P; both substitutions can be up to 25 percent, as
indicated in Bowie and Horne (1953), Figure 1.

The distribution of lanthanides and yttrium in monazite family minerals has
been the subject of many papers. Monazite was recognized long ago to be a
mineral that is a concentrator of the 1ight lanthanides, in accordance with
their occupancy of positions with co-ordination number ten (10). However, the
considerable effect of the geologic environment of formation on the distribution
of the lanthanides was not recognized until the work of Murata and co-workers
(1953, 1957, 1958), confirmed in a review by Fleischer and Altschuler (1969).

Other reports describing monazite (and other REE minerals) in specific rock
types include those by Holt (1965) (carbonatites), Marchenko (1967) (gneiss and
migmatite), Heinrich and Wells (1980) (several associations), and Clark (1984)
(several associations). In addition, papers by Ploshko (1961) and by Marchenko
and Goncharova (1964) discuss formation of monazite by pneumatolytic and hydro-
thermal processes. Finally, we note that papers by Balashov and Pozharitskaya
(1968) and by Wells (1977) dwell on the physical-chemical reasons for fraction-
ation of REE found in rocks and minerals.

This report is an update of Fleischer and Altschuler (1969) and includes a
compilation of all available determinations of the lanthanides and yttrium in
minerals of the monazite structural group, 786 in all. Monazite-(Ce) is the
overwhelmingly dominant mineral, comprising no less than 763 of the analyzed
samples. In Tables 1 to 6, atomic percentages of the REE plus contents of ThO,
and U30g are listed in order of increasing sigma (the sum of the atomic percen-
tages o§ La + Ce + Pr).



The averages tabulated in Tables 7 and 8 show the effect of the type of
geological occurrence on the distribution of REE in monazite-(Ce), namely the
increase in atomic percent of the light lanthanides and decrease of the yttrium
content, from granitic pegmatites to granitic rocks to alkalic rocks and carbon-
atites. However, the range of composition is far less than in minerals of low
REE content, and the variation of rare earth content in monazite is far less
satisfactory as a guide to type of host rock than the variation in either
apatite (Fleischer and Altschuler, 1969, 1986) or titanite (Fleischer, 1978).

The compositions of monazite-(Ce) in granitic rocks and in gneisses are not
notably different. As discussed in detail by Rosenblum and Mosier (1983), the
average composition of dark monazites (Table 7, column F) is distinct from those
of (yellow) monazites of different genesis, and especially in their high content
of europium. It should be noted that only one dark monazite (Table 4, no. 4) is
not a monazite-(Ce).

Table 9 is an index in two parts. Table 9a lists localities and rock type
for the analyses in Tables 1 through 6; Table 9b gives localities for Tables 1
through 3.



Table 1-1. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent;

1 2 3 4 5 6 7 8 9 10
La 11.9  21.5 20.3 9.9 21.3 8.6 13.7 10.3 12.4 10.4
Ce 35.4 29.7 32.3 35.2 32.8 39.8 41.7 39.3 37.3 42.1
Pr - - - 8.4 - 5.8 - 6.6 8.4 5.8
Nd 31.9 23.8 30.4 26.1 28.0 24.1 26.0 38.0 24.2 28.5
Sm 12.7 6.0 8.9 11.3 5.3 16.3 9.2 5.8 9.7 10.1
Eu 0.8 0.6 0.7 - 0.6 - - - 0.2 -
Gd 5.4 4.7 3.3 7.7 4.2 5.4 9.4 - 5.6 3.1
Tb 0.6 0.9 0.7 0.5 0.8 - - - 0.6 -
Dy 1.3 5.3 2.8 0.9 3.5 - - - 1.2 -
Ho - - - - - - - - 0.1 -
Er - 1.9 0.2 - 0.8 - - - 0.3 -
Tm - - - - - - - - - -
Yb - 5.6 0.4 - 2.7 - - - - -
Lu - - - - - - - - - -
Y/(Y+La)x100 (2.6) (33.7) (4.5) - (23.1) (4.7) (8.9) - - (5.3)
Method 0s 0S 0S XF 0S XF INA EP XF XF

I = LatCe+Pr 47.3 51.2 52.6 53.5 54.1 54.2 55.4 56.2 58.1 58.3

La-Nd 79.2 75.0 83.0 79.6 82.1 78.3 8l.4 94,2 82.3 86.8
Sm-Ho 20.8 17.5 16.4 20.4 14.4 21.7 18.6 5.8 17.4 13.2
Er-Lu - 7.5 0.6 - 3.5 - - - - -
RE,03, wt.% - - - - - - 60.12 68.96 - -
La/Nd 0.37 0.90 0.67 0.38 0.76 0.36 0.53 0.27 0.51 0.36
ThO,, wt.% - - = . - 4.1 6.18 0.20 - 3.8
U30g, wt.% - - - - - - - - - -




Table 1-2 - Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

11 12 13 14 15 16 17 18 19 20

La 10.3  10.4 24.2 13.7 7.9 11.9 16.6 16.2 19.0 14.2
Ce 41.9 41.9 35.9 40.9 47.3 40.1 36.9 38.3 37.9 40.6
Pr 6.2 6.1 - 6.0 5.4 9.0 7.8 7.1 5.0 7.1
Nd 24.4 26.6 28.1 33.2 36.1 31.1 27.0 20.3 19.9 21.1
Sm 10.1 11.1 6.1 4.3 2.3 5.1 3.4 10.2 11.0 8.7
Eu 0.5 - 0.4 - 0.4 0.3 - 0.2 - -

Gd 6.6 3.9 2.9 1.9 0.4 2.5 8.3 5.3 7.2 5.2
Tb - - 0.4 - - - - 0.7 - 0.6
Dy - - 1.5 - 0.2 - - 1.1 - 1.8
Ho - - - - - - - 0.2 - 0.1
Er - - 0.2 - - - - 0.2 - 0.2
Tm - - - - - - - - - 0.1
Yb - - 0.3 - - - - 0.2 - 0.2
Lu - - - - - - - - - 0.1

Y/(Y+La)x100 (4.0) (4.6) (3.7) (4.2) (0.3) (4.6) (5.0) - n -
Method INA  XF 05 05 m as 0S XF XF XF

I = La+Ce+Pr 58.4 58.4 60.1 60.6 60.6 61.0 61.3 61.6 61.9 61.9

[a-Nd 82.8 85.0 88.2 93.8 96.7 92.1 88.3 68L.9 8l.8 83.0
Sm-Ho 7.2 16.0 11.3 6.2 3.3 7.9 11.7 17.7 18.Z 16.4
Er-Lu - - 05 - - - 0.4 - 0.6
RE,03, Wi.%  66.48 - - - 69.36 - - = = 53.26
La/Nd 0.42 0.39 0.86 0.41 0.22 0.38 0.61 0.80 0.95 0.6
Tho,, wt.%  1.21 4.0 - - 0.1 - = - = 13.00

U308’ wt.% 0.26 0.1 - - - - - - - -




Table 1-3. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
((b) Tb + Y calc'd as Y)

21 22 23 24 25 26 27 28 29 30

[a 15.3 19.0 20.9 .16.6 15.2 19.3 21.7 9.1 13.6 19.5
Ce 38.6 36.4 30.8 40.7 38.3 38.4 35.3 47.7 45.7 38.9
Pr 8.1 6.8 10.7 5.4 9.2 5.1 6.1 6.5 4.2 5.1
Nd 20.8  22.1 35.3 14.6 20.6 19.7 20.3 25.1 14.7 20.5
Sm 10.5 9.2 1.1 9.7 10.3 11.2 6.4 7.7 12.7 12.1
Eu - - - - - - - - - -
Gd 5.1 4.7 1.2 10.3 4.9 6.3 6.2 3.5 8.5 3.9
) 0.5 0.4 n . 0.4 - - b - :
Dy 0.7 1.0 - Z.4 0.7 - 2.7 0.3 0.6 -
Ho 0.2 0.2 = 0.2 0.2 . - - - -
Er 0.2 0.2 - = 0.2 - 1.3 0.1 - .
m - - - 0.1 n - . . - -
Yb - - - . - . - - - -
Lu - - . - - . - - - -
Y/(Y+La)x100 - - (L.2) (5.3) - T (2.2) (6.7)P (2.9) -

Method XF XF 0S - - - XF CH 0S -

r = La+Ce+Pr 62.0 62.2 62.4 62.7 62.7 62.8 63.1 63.3 63.5 63.5

La-Nd 82.8 84.3 97.7 77.3 83.3 82.5 83.4 88.4 78.2 84.0
Sm-Ho 17.0 15.5 2.3 22.6 16.5 17.5 15.3 11.5 21.8 16.0
Er-Lu 0.2 0.2 - 0.1 0.2 - 1.3 0.1 - -
RE503, wt.% - - - - - - - 55.2  59.2 -
La/Nd 0.74 0.8 0.59 1.14 0.74 0.98 1.07 0.36 0.93 0.95
ThO,, wt.% 5.47 - - - - - 9.0 5.563 8.3 -
U308, wt.% - - - - - Z - — _ _




Table 1-4. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
31 32 33 34 35 36 37 38 39 40
La 14.4 24,1 18.5 17.6 25.4 15.1 15.6 19.8 17.3 22.9
Ce 44.3 39.8 39.9 39.6 29.2 43.3 43.5 36.0 4l1.4 34.0
Pr 5.2 - 5.6 7.1 10.0 6.5 6.7 9.1 6.3 8.1
Nd 24.8 28.9 15.5 22.3 33.0 26.2 25.3 27.5 19.5 20.9
Sm 4.7 4.7 4.5 6.0 1.0 6.2 6.0 5.7 6.6 7.4
Eu - 0.5 0.2 0.1 - - - - 0.5 -
Gd 5.2 1.2 4.5 5.0 1.1 2.7 2.9 1.9 3.3 4.9
Tb 0.4 0.2 0.7 0.3 - - - - 0.5 -
Dy 0.6 0.5 3.5 1.6 - - - - 1.8 1.2
Ho - - 0.9 - - - - - 0.4 -
Er - - 2.4 0.3 0.3 - - - 1.8 0.6
Tm - - 0.3 - - - - - 0.2 -
Yb 0.4 0.1 3.0 0.1 - - - - 0.4 -
Lu - - 0.5 - - - - - - -
Y/(Y+La)x100 (8.1) (1.6) - - - (7.8) (8.3) (2.6) - -
Method XF 0s XF XF 0S 0S 0S 0S XF XF
I = La+Ce+Pr 63.9 63.9 64.0 64.3 64.6 64.9 65.8 64.9 65.0 65.0
La-Nd 88.7 92.8 79.5 86.6 97.6 91.1 91.1 92.4 84.5 85.9
Sm-Ho 10.9 7.1 14.3 13.0 2.1 8.9 8.9 7.6 13.1 13.5
Er-Lu 0.4 0.1 6.2 0.4 0.3 - - - 2.4 0.6
RE;03, wt.% 64.5 - - - 54.8 - - - - -
La/Nd 0.58 0.83 1.19 0.79 0.77 0.58 0.62 0.72 0.8 1.10
Th02’wt.% 4.36 - - - - 16.3 15.5 - - -
U30g, wt.% 0.34 - - - - - - - - -




Table 1-5. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (contd.)

41 42 43 44 45 46 47 48 49 50

La 25.3 19.8 20.0 21.1 18.2 21.8 20.2 21.8 15.7 15.3
Ce 39.7 39.7 40.2 35.1 41.5 35.1 37.9 37.0 45.6 43.4
Pr - 5.7 5.0 9.2 6.3 9.1 8.2 7.5 5.1 7.7
Nd 28.6 22.0 22.1 22.2 24.3 24.8 27.7 29.2 12.9 26.6
Sm 3.5 12.8 8.3 6.4 5.8 6.0 4.4 1.5 9.8 4.0
Eu 0.8 - - 0.1 - 0.2 - - 0.2 0.4
Gd 1.4 - 4.4 3.6 3.9 3.0 1.6 2.1 6.9 1.7
Tb - - - 0.4 - - - - 0.9 0.2
Dy 0.5 - - 1.5 - - - - 1.5 0.4
Ho - - - 0.3 - - - - 0.2 -
Er 0.1 - - - - - - 0.5 0.4 0.1
Tm - - - - - - - - - -
Yb 0.1 - - 0.1 - - - 0.1 0.7 0.2
Lu - - - - - - - 0.3 0.1 -
Y/(Y+La)x100 (1.7) - (7.4) (6.2) - (3.1) (0.8) - (20.7) -
Method 0S XF 0S 0S XF 0S 0S 0S XF XF

I = La+Ce+Pr 65.0 65.2 65.2 65.4 66.0 66.0 66.3 66.3 66.4 66.4

La-Nd 93.6 87.2 87.3 8/.6 90.3 90.8 94.0 95.5 /9.3 93.0
Sm-Ho 6.2 12.8 12.7 12.3 9.7 9.2 6.0 3.6 19.5 6.7
Er-Lu 0.2 - - 0.1 - - - 0.9 1.2 0.3
RE;03, wt.% - - - 51.6 - - - 47.0 - 65.0
La/Nd 0.89 0.90 0.91 0.95 0.75 0.88 0.73 0.75 1.22 0.58
ThO,, wt.% - - 12.1 9.89 - - - - - -
U30g, wt.% - - - - - - - - - -

/0



Table 1-6. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (contd.)
(a) Eu + Gd calcd. as Gd
51 52 53 54 55 56 57 58 59 60

La 16.8 17.2 26.8 16.6 21.8 22.6 14.9 17.1 20.3 17.6
Ce 42.2 41.2 40.1 46.3 38.8 39.0 47.5 45,7 38.7 43.5
Pr 7.6 8.4 - 4,2 6.8 5.8 5.1 5.0 8.8 7.1
Nd 24.9 23.9 25.3 21.9 20.5 20.6 20.4 21.1 24.1 23.2
Sm 3.3 3.4 4.2 3.7 6.0 5.7 6.0 8.3 3.8 3.2
"Eu - - 0.7 - 0.1 0.1 a - - -
Gd 5.2 5.9 1.5 5.8 3.5 3.8 4.1¢ 2.8 3.9 5.4
Tb - - - 0.3 0.5 0.5 0.3 - - -
Dy - - 0.9 0.7 1.5 1.5 1.4 - - -
Ho - - - - 0.2 0.3 0.1 - - -
Er - - 0.2 0.1 - - 0.2 - 0.4 -
Tm - - - - 0.1 - - - - -
Yb - - 0.3 0.4 0.2 0.1 - - z -
Lu - - - - - - - - - -
Y/(Y+La)x100 (4.8) (6.6) (3.3) (8.4) (6.7) (5.3) (8.1) (2.0) - (5.0)
Method 0S 0S 0s XF 0S 0s CH XF 0S 0S

z = La+Ce+Pr 66.6 66.8 66.9 67.1 67.4 67.4 67.5 67.8 67.8 68.2

Ca-Nd 91.5 90.7 92.2 89.0 87/.9 88.0 8/.9 88.9 91.9 09lI.4
Sm-Ho 8.5 9.3 7.3 10.5 11.8 1.9 11.9 11.I 7.7 8.6
Er-Lu - - 0.5 0.5 0.3 0.1 0.2 - 0.4 -
RE,05 a - - 60.63 73.1 5.2 - - 58.5 -
La/Nd 0.67 0.72 1.06 0.76 1.06 1.10 0.73 0.81 0.84 0.76
ThO,, wt.% - " - 7.0 8.90 14.8 - 10.7 - -
U30g. Wt.% - - - 0.38 - - - - - -

/]



Table 1-7. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

61 62 63 64 65 66 67 68 69 70

La 21.0 23.4 18.3 22.5 23.3 18.2 19.0 22.7 24.9 20.9
Ce 41.9 38.8 38.7 38.4 45.3 43.3 43.4 42.0 4l1.6 4l.7
Pr 5.4 6.2 11.5 7.6 - 7.2 6.4 4.1 4.1 6.2
Nd 21.0 20.4 24.9 27.8 23.6 27.5 18.1 21.6 21.0 22.0
Sm 4.8 5.3 4.9 1.5 3.4 3.8 9.5 3.5 3.3 5.7
Eu - 0.1 - - 0.3 - - - - -
Gd 5.9 2.9 1.7 2.2 1.8 - 3.6 6.1 5.1 3.5
Tb - 0.5 - - 0.4 z . - - -
Dy - 1.9 - - 1.4 - - - - -
Ho - 0.3 - - - - - - - -
Er - - - - 0.2 - - - - -
Tm - 0.1 - - - - - - - -
Yb - 0.1 - - 0.3 - - - - -
Lu - - - - - - - - - -
Y/(Y+La)x100 - (6.3 (2.0) (3.7) (4.9) - (8.3) (2.6) (5.3) -
Method XF 0S 0S 0S 0s - EP EP EP XF

r = LatCe+Pr 68.3 68.4 68.5 68.5 68.6 68.7 68.8 68.8 70.6 68.8

La-Nd 89.3 88.8 93.4 96.3 92.2 96.2 86.9 90.4 91.6 90.8
Sm-Ho 10.7 11.0 6.6 3.7 7.3 3.8 13.1 9.6 8.4 9.2
Er-Lu - 0.2 - - 0.5 - - - - -
RE,03, wt.% - 52.6 - - - - 53.5 Z Z Z
La/Nd 1.00 1.12 0.74 0.81 0.99 0.66 1.05 1.05 1.19 0.95
ThO,, wt.% - 12,1 - - - - 18.5 - - n
U308, wt.% - - - - Z - 0.6 _ _ _

]2



Table 1-8. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(b) Tb+Y calcd as Y
71 72 73 74 75 76 77 78 79 80

a 15.4 18.3 24.5 14.3 16.7 17.4 18.5 19.0 22.3 14.3
Ce 46.2  43.4 35.4 46.9 44.9 45.9 43.5 43.3 42.4 50.7
Pr 7.3 7.2 9.1 8.0 7.6 6.0 7.3 7.2 4.8 4.5
Nd 73.0 27.3  25.1 18.4 2.6 19.0 27.5 20.0 21.1 22.8
Sm 4.3 3.8 2.2 7.2 4.1 4.6 3.2 4.z 6.5 4.3
Eu n . n n . 0.1 n 0.2 n .
Gd 1.9 - 3.0 5.2 3.3 2.8 n 3.7 2.9 3.1
i) 0.1 " - b 0.3 0.4 - 0.4 - n
Dy 0.9 - - n 1.z 1.5 - 1.3 - -
Ho - - R 0.1 0.3 " 0.1 - 0.3
Er 0.3 - 0.4 - 0.1 0.2 - 0.3 . -
Tm 0.3 - - - - 0.2 - - - _
Yb 0.3 - 0.1 - 0.1 1.5 - 0.3 . -
Lu - - 0.2 - - 0.1 - . - .
Y/(Y+La)x100 - . SR 2% ) L B 3 ¢) R - (4.6) (4.0)
Method XF . 05 CH,INA XF XF - XF 05 CH

z = LatCe+Pr 68.9 68.9 69.0 69.2 69.2 69.3 69.3 69.5 69.5 69.5

La-Nd 91.9 96.2 94.1 87.6 90.8 88.3 96.8 89.5 90.6 92.3
Sm-Ho 7.2 3.8 5.2 12.4 9.0 9.7 3.2 9.9 9.4 7.7
Er-Lu 0.9 - 0.7 - 0.2 2.0 - 0.6 - -
RE,03, wt.% - - 50.9 - - - - - - -
La/Nd 0.67 0.67 0.98 0.78 0.77 0.92 0.67 0.95 1.06 0.63
ThO,, wt.% - - - - - - - - 10.7 Z
U308, wt.% - - - - - - - _ _ _




Table 1-9. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
81 82 83 84 85 86 87 88 89 90
La 22.0 24.8 21.9 16.5 18.1 24.4 22.5 17.4 17.5 17.9
Ce 41.7 35.7 41.8 47.8 51.5 37.8 39.9 47.1 45.9 46.6
Pr 5.8 9.0 5.9 5.3 - 7.5 7.3 5.2 6.3 5.3
Nd 23.1 25.2 21.9 22.7 30.4 19.2 19.9 20.1 24.3 21.8
Sm 4.4 2.2 4.8 6.0 - 4.2 5.1 7.5 5.4 6.1
Eu - - - - - - 0.1 - - -
Gd 3.0 3.1 3.7 1.7 - 5.1 2.7 2.7 - 2.3
Tb - - - - - - 0.4 - - -
Dy - - - - - 1.2 1.81 - 0.6 -
Ho - - - - - - 0.2 - - -
Er - - - - - 0.6 - - - -
Tm - - - - - - - - - -
Yb - - - - - - - - - -
Lu - - - - - - - - - -
Y/(Y+La)x100 - (5.4) - (5.1) (9.3) - (5.8) (1.5) (3.0) (1.2)
Method XF 0S XF XF 0s XF 0S XF EP XF
Iz = La+Ce+Pr 69.5 69.5 69.6 69.6 69.6 69.7 69.7 69.7 69.7 69.8
La-Nd 92.6 94.7 91.5 92.3 100.0 88.9 89.6 89.8 94.0 91.6
Sm-Ho 7.4 5.3 8.5 7.7 - 10.5 10.3 10.2 6.0 8.4
Er-Lu - - - - - 0.6 0.1 - - -
RE;05, wt.% - - - - - - 61.8 Z Z -
La/Nd 0.95 0.98 1.00 0.73 0.60 1.27 1.13 0.87 0.72 0.82
ThO,, wt.% - - - 10.1 11.4 2.0 14.3 11.2 3.3 9.5
U30g, wt.% - - - - - - - - - 0.1




Table 1-10. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(b) Tb+Y calcd. as Y

91 92 93 94 95 96 97 98 99 100
La 21.9 17.4 28.6 21.8 19.6 22.2 20.8 19.6 15.9 20.8
Ce 41.8 44.4 41.2 39.7 50.3 40.8 43.1 40.5 46.1 44.0
Pr 6.1 8.0 - 8.4 - 7.0 6.1 9.9 8.1 5.4
Nd 21.9 22.5 24.5 25.9 30.1 17.4 19.2 22.9 24.7 20.8
Sm 5.0 3.1 3.4 2.0 - 6.6 4.7 3.5 3.5 5.6
Eu - - 0.4 - - 0.1 - ~ - -
Gd 3.3 4.6 1.4 2.2 - 3.4 3.5 3.6 1.0 3.4
Tb - . . - - 0.4 b - - -
Dy - - 0.4 - - 1.6 1.1 - 0.3 -
Ho - - - - - 0.2 0.9 - 0.2 -
Er - - - - - - 0.6 - 0.1 -
Tm - - - - - 0.1 - - - -
Yb - - 0.1 - - 0.2 - - 0.1 -
Lu - - - - - - - - - -
Y/(Y+La)x100 - (6.0) (2.0) (2.9) (8.3) (7.2) (5.8 (4.1) (2.1) -
Method XF 0S 0S 0S 0S 0S CH 0s EP XF
r = La+Ce+Pr 69.8 69.8 69.8 69.9 69.9 70.0 70.0 70.0 70.1 70.2
La-Nd 91.7 92.3 94.3 95.8 100.0 87.4 89.2 92.9 94.8 91.0
Sm-Ho 8.3 7.7 5.6 4.2 - 12.3  10.2 7.1 5.0 9.0
Er-Lu - - 0.1 - - 0.3 0.6 - 0.2 -
RE;03, wt.% - - - - - 70.7 - - 71.6 -
La/Nd 1.00 0.77 1.17 0.84 0.65 1.28 1.08 0.85 0.64 1.00
ThO,, wt.% - - - - 5.3 12z 737 - - -
U30g, wt.% - - - - . - 0.08 - - -




Table 1-11. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

101 102 103 104 105 106 107 108 109 110
La 20.3 15,9 22.4 17.9 23.0 28.5 22.4 20.4 18.7 22.3
Ce 44,5 48.8 39.4 52.3 36.9 41.8 42.5 43.8 48.1 42.1
Pr 5.4 5.5 8.4 - 10.4 - 5.6 6.3 3.8 6.2
Nd 22.2 22.8 25.5 29.8 21.6 24.0 22.4 25.8 20.2 21.6
Sm 5.8 6.0 2.0 - 6.0 3.5 4.9 1.8 3.6 4.8
Eu - - - - - 0.8 - 0.2 - -
Gd 1.8 1.0 2.1 - 2.1 1.0 2.2 1.2 4.7 3.0
Tb - - - - - - - 0.2 - -
Dy - - - - - 0.3 - 0.3 0.9 -
Ho - - - - - - - - - -
Er - - 0.2 - - - - - - -
Tm - - - - - - - - - -
Yb - - - - - 0.1 - - - -
Lu - - - - - - - - - -
Y/(Y+La)x100 (3.3) (1.0) - (1.9) (4.2) (1.6) - - (12.8) -
Method 0S XF - 0s 0S 0S XF XF 0S XF
L = La+Ce+Pr 70.2 70.2 oS 70.2 70.3 70.3 70.5 70.5 70.6 70.6
La-Nd 92.4 93.0 95.7 100.0 91.9 94.3 92.9 96.3 90.8 92.2
Sm-Ho 7.6 7.0 4.1 - 8.1 5.6 7.1 3.7 9.2 7.8
Er-Lu - - 0.2 - - 0.1 - - - -
RE,03, wt.% - - 54.0 - - - - 52.3 57.4 -
La/Nd 0.91 0.70 0.8 0.60 1.06 1.19 1.00 0.79 0.93 1.03
ThO,, wt.% 15.5 9.9 - 8.0 - - - - 8.3 -
U30g, wt.% - 0.1 - - - - - - 0.30

Jo



Table 1-12. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
111 112 113 114 115 116 117 118 119 120
La 15.6 21.2 16.5 19.0 18.3 11.3 21.3 11.4 18.9 32.5
Ce 49.3 48.1 45.7 42.6 52.4 55.3 42.6 55.4 46.8 33.6
Pr 5.7 1.4 8.5 9.1 - 4.2 6.9 4.1 5.2 4.9
Nd 22.4 22.2 22.4 23.6 29.3 16.2 23.7 16.2 20.7 20.1
Sm 5.4 4.2 3.4 3.8 - 9.0 2.8 9.0 5.9 3.5
Eu - - 0.3 - - - - - - Z
Gd 1.6 2.5 1.6 1.9 - 4.0 2.3 3.9 2.5 4.4
Tb - - 0.2 - - - - - - -
Dy - - 0.6 - - - - - - 1.0
Ho - - - - - -~ 0.4 _ — _
Er - - 0.3 - - - - - - -
Tm - - - - - - - - - -
Yb - - 0.5 - - - - - - -
Lu - 0.4 - - - - - - - -
Y/(Y+La)x100 (4.8) (1.8) (7.2) (1.5) (7.5) (4.3) (4.0) - (3.2) (7.2)
Method XF EP - 0S 0s oS CH - XF -
r = La+Ce+Pr 70.6 70.7 70.7 70.7 70.7 70.8 70.8 70.9 70.9 71.0
La-Nd 93.0 92.9 93.1 94.3 100.00 87.0 94.5 87.1 91.6 O9l1.1
Sm-Ho 7.0 6.7 6.1 5.7 - 13.0 5.5 12.9 8.4 8.9
Er-Lu - 0.4 0.8 - - - - - - -
RE;03, wt.% - 69.1 - - - 59.9 - - - Z
La/Nd 0.7 0.95 0.74 0.81 0.62 0.70 0.90 0.70 0.91 1.62
ThO,, wt.% 9.2 - - - 5.7 7.35 - - 7.7 -
U30g, wi.% - - - - - 0.24 - Z Z =
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Table 1-13. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
121 122 123 124 125 126 127 128 129 130
La 24.3 19.6 17.7 22.9 15.5 21.2 21.4 22.6 20.3 24.3
Ce 42.1 44.8 47.5 43.4 49.9 44,0 43.4 43.4 44.4 43.3
Pr 4.7 6.7 5.9 4.9 5.8 6.0 6.4 5.3 6.6 3.7
Nd 17.7  19.1 22.5 19.9 22.0 23.0 23.6 18.9 20.6 Z21.0
Sm 7.6 4.2 5.2 3.5 5.7 4.3 2.6 6.0 3.5 2.8
Eu - 0.2 - - - - 0.2 - 0.2 0.3
Gd 3.6 3.6 1.2 2.6 1.1 - 1.3 3.8 2.1 2.2
Tb - 0.3 - - - - 0.2 - 0.3 0.3
Dy - 1.2 - 1.3 - 0.4 - 1.2 1.1
Ho - 0.1 - - -+ 1.5 0.1 - 0.2 -
Er - Oll - 1.3 - ; 0.2 - 0.3 0.3
Tm - - - - - . - - - - -
Yb - 0.1 - 0.2 - - 0.2 - 0.3 0.7
Lu - - - -~ - - - - - -
Y/(Y+La)x100 (4.6) (5.0) (6.3) (2.9) (6.9) (8.6) - - - -
Method 0S XF XF CH XF 0s XF XF XF -
Iz = La+Ce+Pr 71.1 71.1 71.1 71.2 71.2 71.2 71.2 71.3 71.3 71.3
La-Nd 88.8 90.2 93.6 91.1 93.2 94.2 94.8 90.2 91.9 92.3
Sm-Ho 11.2 9.6 6.4 7.4 6.8 5.8 4.8 9.8 7.5 6.7
Er-Lu - 0.2 - 1.5 - - 0.4 - 0.6 1.0
RE,03, wt.% - - - 52.4 - - 49.2 - 59.8 -
La/Nd 1.37 1.03 0.79 1.15 0.70 0.92 0.91 1.20 0.99 1.16
ThO,, wt.% 1.59 - 7.1 7.80 7.3 19.4 - - -
U308, wt.% - - - - 0.1 - - - - -

/&



Table 1-14. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
131 132 133 134 135 136 137 138 139 140
La 24.1 19.7 18.9 20.0 25.0 26.5 19.5 17.9 14.9 13.5
Ce 38.3 46.2 46.9 44.9 41.3 40.4 46.4 50.1 52.9 58.4
Pr 9.0 5.5 5.6 6.5 5.2 4.9 5.9 3.9 4.1 -
Nd 19.9 20.5 20.7 25.6 19.2 19.5 21.2 17.4 19.4 28.1
Sm 4.5 6.2 6.1 1.8 5.6 4.1 4.1 3.4 4.6 -
Eu 0.1 - - - - - 0.4 - 2.4 -
Gd 2.0 1.9 1.8 1.2 3.7 2.7 2.0 5.1 1.7 -
Tb 0.3 - - - - - 0.1 0.5 - -
Dy 1.4 - - - - 1.9 0.4 0.9 - -
Ho 0.3 - - - - - - - - -
Er - Z Z - - - - 0.1 - -
Tm - - - - - - - - - -
Yb 0.1 - - - - Z - 0.7 z -
Lu - - - - - - - - - -
Y/(Y+La)x100 (5.4) (2.4) (1.9) - - - - (12.4) - (6.6)
Method 0s XF XF - XF XF - XF EP 0S
z = La+Ce+Pr 71.4 71.4 71.4 71.4 71.5 71.8 71.8 71.9 71.9 71.9
La-Nd 91.3 91.9 92.1 97.0 90.7 91.3 93.0 89.3 91.3 100.0
Sm-Ho 8.6 8.1 7.9 3.0 9.3 8.7 7.0 9.9 8.7 -
Er-Lu 0.1 - - - - - - 0.8 - _
RE,03, wt.%  36.3 - - - - . ~ 5%6.29 47.2 -
La/Nd 1.21 0.96 0.91 o0.78 1.30 1.36 0.92 1.03 -0.77 0.48
ThO,, wt.% 7.65 10.4 11.8 - - - - 8.35 25.4 2.6
U30g, wt.% - 0.1 - - - - - 0.56 - -
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Table 1-15. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
141 142 143 144 145 146 147 148 149 150
La 24,7 19. 20.7 26.1 23.6 18.6 22.0 21.6 19.3 23.2
Ce 39.6  46. 45.6 41.1 43.3 47.0 45.0 41.4 47.0 45,7
Pr 7.7 5. 5.8 4.9 5.3 6.6 5.2 9.2 5.9 3.3
Nd 19.0 21. 18.9 21.6 19.7 20.3 20.9 22.8 24.2 24.8
Sm 4.4 4. 5.0 2.6 5.1 3.6 4.6 2.7 0.4 1.4
Eu .1 0. - 0.5 - 0.3 - - 0.7 -
Gd 2.2 2. 4.0 2.6 3.0 2.6 2.3 2.1 0 1.6
Tb 0.4 0. - - - 0.2 - - 0.3 -
Dy 1.6 0. - - - 0.6 - - - -
Ho 0.2 - - 0.1 - 0.2 - - - -
Er - - - 0.3 - - - 0.2 - -
Tm - - - - - - - - - -
Yb 0.1 - - 0.2 - - - - - -
Lu - - - - - - - - - -
Y/(Y+La)x100 (5.5) - (6.4) (5.3) - - - - - (3.5)
Method 0s - 0S - XF - XF 0S - 0S
z = La+Ce+Pr 72.0 72.0 72.1 72.1 72.2 72.2 72.2 72.2 72.2 72.2
La-Nd 91.0 93.2 91.0 93.7 91.9 92.5 93.1 95.0 96.4 97.0
Sm-Ho 8.9 6.8 9.0 5.8 8.1 7.5 6.9 4.8 3.6 3.0
Er-Lu 0.1 - - 0.5 - - - 0.2 - -
RE203, wt.%2 59.0 - - - - - - 52.8 67.89 57.1
La/Nd 1.30 0.92 1.10 1.21 1.20 0.92 1.05 0.95 0.80 0.94
Tho,, wt.% 10.2 - 17.5 3.6 - - - - - 4.10
U30g, wt.% - - - - - - - - - 0.08
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Table 1-16. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

(a) Eu + Gd calcd. as Gd; (b) Tb + Y calcd. as Y.

151 152 153 154 155 156 157 158 159 160
La 19.8 24.7 27.7 18.7 20.9 17.0 21.5 23.9 22.4 19.3
Ce 46.6 41.9 39.7 47.0 44.6 51.0 41.6 42.5 44.2 47.3
Pr 5.9 5.7 4.9 6.6 6.8 4.4 9.3 6.1 6.0 6.0
Nd 17.5 18.8 19.3 20.3 20.8 18.0 23.0 22.7 18.1 21.3
Sm 4.1 3.6 3.8 3.6 4.3 3.5 2.6 2.9 4.0 3.4
Eu a - - 0.3 - a - - 0.2 0.2
Gd 3.4 2.3 2.99 2.5 2.6 2.8% 2.0 1.9 2.7 1.8
Tb b - b 0.2 - b - - 0.3 0.2
Dy 0.9 1.4 0.6 0.6 - 1.8 - - 1.1 0.5
Ho 0.4 - 0.2 0.2 - 0.1 - - 0.1 -
Er 1.0 1.4 0.4 - - 0.7 - - 0.4 -
Tm - - 0.2 - - 0.1 - - 0.3 -
Yb 0.4 0.2 0.3 - - 0.6 - - 0.1 -
Lu - - - - - - - - 0.1 -
Y/(Y+[a)x100 (4.9 (1.5) (5.3)7 - T (12.8)P (1.8) (0.9) (3.5) -
Method CH CH CH - EP CH 0S - XF -
I = La+Ce+Pr 72.3 72.3 72.3 72.3 72.3 72.4 72.4 7J2.5 72.6 72.6
La-Nd 89.8 91.1 91.6 92.6 93.1 90.4 95.4 95.2 90.7 93.9
Sm-Ho 8.8 7.3 7.5 7.4 6.9 8.2 4.6 4.8 8.4 6.1
Er-Lu 1.4 1.6 0.9 - - 1.4 - - 0.9 -
RE,03, wt.% 52.42 58.0 55.14 - 68.92 55.6 - - - -
La/Nd 1.13 1.31 1.44 0.92 1.00 0.94 0.93 1.05 1.24 0.91
ThO,, wt.% 8.52 5.50 8.50 - - 8.0 - 5.7 - -
U30g, wt.% - - - - - - - 0.1 - -




Table 1-17. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
161 162 163 164 165 166 167 168 169 170
La 22.7 22.7 24.6 24.4 25.0 21.7 27.4 21.1 21.6 21.0
Ce 45.3 39.0 39.4 43.1 42.4 45.2 41.0 45.9 45.3 52.3
Pr 4,6 11.1 8.8 5.5 5.6 6.2 4.9 6.3 6.4 -
Nd 21.6 20.6 23.9 22.1 24.8 18.3 18.9 22.8 23.7 26.7
Sm 4.0 5.1 2.0 4.9 1.2 3.7 3.3 2.4 1.8 -
Eu - 0.2 0.1 - - - 0.1 - - -
Gd 1.8 1.3 1.2 - 1.0 3.2 2.5 0.7 0.6 -
Tb - - - - - 0.1 0.3 0.2 - -
Dy - - - - - 1.3 1.2 0.5 0.4 -
Ho - - - - - - 0.3 - - -
Er - - - - - 0.3 - 0.1 0.2 -
Tm - - - - - - - - - -
Yb - - - - - - 0.1 - - -
Lu - - - - - - - - - -
Y/(Y+La)x100 (4.6) (1.2) (1.8) - (1.4) - (5.7) - - (10.3)
Method XF 0S 0S XF CH XF 0S - - 0S
I = La+Ce+Pr 72.6 72.8 72.8 73.0 73.0 73.1 73.3 73.3 73.3 73.3
La-Nd 94.2 93.4 96.7 95.1 97.8 91.4 92.2 96.1 97.0 100.0
Sm-Ho 5.8 6.6 3.3 4.9 2.2 8.3 7.7 3.8 2.8 -
Er-Lu - - - - - 0.3 0.1 0.1 0.2 -
RE,03, wt.% - - - - - - 63.8 - - -
La/Nd 1.06 1.10 1.03 1.10 1.01 1.19 1.45 0.92 0.91 0.79
ThG,, wt.% - - - - - - 6.46 - - 6.3
U30g, wt.% - - - - - - - - - -

A A



Table 1-18. Monazite from igneous and metamorphic rocks, atomic percent (cont'd)

(a) Eu + Gd calcd. as Gd; (b)Tb + Y calcd as Y

171 172 173 174 175 176 177 178 179 180
La 19.3 22.4 24.4 27.3 24.8 23.8 20.2 21.9 27.6 24.3
Ce 47.8 45.5 41.0 4l1.6 43.5 40.9 47.1 47.0 39.9 45.0
Pr 6.3 5.5 8.1 4.6 5.2 8.9 6.3 4.8 6.2 4.4
Nd 18.7 19.0 18.0 20.0 20.7 21.5 24.4 13.7 14.9 16.0
Sm 3.6 3.6 4.1 3.1 3.7 2.0 0.8 3.5 4.7 3.8
Eu - a 0.1 0.2 - - 0.1 0.2 - a
Gd 2.9 2.3% 2.2 1.9 2.1 2.9 0.7 2.5 3.4 3.7¢
Tb -~ b 0.3 0.2 - - 0.2 0.6 - b
Dy 1.4 0.6 1.5 0.8 - - 0.2 1.6 3.3 1.8
Ho - 0.5 0.2 0.3 - - - 0.6
Er - 0.6 - - - - - 1.1 - 0.4
Tm - - - . - - . 0.6 n .
Yb - - 0.1 - - - - 1.1 - 0.6
Lu - - - . - - - 0.8 - -
Y/(V+La)x100 (3.1 (7.8 (5.1) (2.3) -  (1.5) - (1.6) (13.3) (0.5)°
Method XF CH 0S 0S XF XF XF XF 0S CH
£ = La+Ce+Pr 73.4 73.4 73.5 73.5 73.5 73.6 73.6 73.7 73.7 73.7
La-Nd 92.1 92.4 91.5 93.5 94.2 95,1 98.0 87.4 88.6 89.7
Sm-Ho 7.9 7.0 8.4 6.5 5.8 4.9 2.0 9.0 11.4 9.3
Er-Lu - 0.6 0.1 - - - - 3.6 - 1.0
RE503, wt.% - 43.65 75.5 66.1 - - 53.8 44.8 - 45.4
La/Nd 1.03 1.18 1.36 1.37 1.20 1.11 0.83 1.60 1.85 1.52
ThO,, wt.% 3.0 9.41 11.5 5.92 - - - - 4.4 8.62
U30g, wt.% - - - - - - - - - -

AD



Table 1-19. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

(a) Eu + Gd calcd. as Gd; (b) Tb + Y calcd. as Y

181 182 183 184 185 186 187 188 189 190
La 19.1 24.8 22.5 23.5 18.2 24.0 26.2 28.2 19.8 21.5
Ce 48.2 43.5 45.5 45.6 49.5 40.9 37.5 40.8 48.9 46.9
Pr 6.4 5.4 5.8 4.7 6.1 8.9 10.2 5.0 5.3 5.6
Nd 20.1 20.7 10.2 18.6 20.2 21.3 21.4 18.5 18.7 19.1
Sm 3.7 3.9 11.8 3.4 2.0 1.9 1.8 3.4 3.9 3.8
Eu a - - - 0.2 - - 0.1 a 0.1
Gd 1.7¢ 1.7 4.2 3.5 2.3 2.8 2.6 2.2 2.3¢ 2.2
Tb b - - - 0.2 - - 0.3 b 0.2
Dy 0.8 - - 0.7 0.8 - - 1.1 0.6 0.4
Ho - - - - 0.1 - - 0.3 0.1 -
Er - - - - 0.2 0.2 0.3 - 0.2 0.1
Tm - - - - - - - - 0.1 -
Yb - - - - 0.2 - - 0.1 0.1 0.1
Lu - - - - - - - - - -
Y/(YV+la)x100 (3.9 -  (8.4) (6.8) - . T @3 (6.0 -
Method CH XF EP 0S - 0sS 0S 0S CH -
L = La+Ce+Pr 73.7 73.7 73.8 73.8 73.8 73.8 73.9 74.0 74.0 74.0
La-Nd 93.8 94.4 84.0 92.4 94.0 95.1 95,3 92.5 92.7 93.1
Sm-Ho 6.2 5.6 16.0 7.6 5.6 4.7 4.4 7.4 6.9 6.7
Er-Lu - - - - 0.4 0.2 0.3 0.1 0.4 0.2
RE,05, wt.%  58.8 - 46.3 60.6 - 56.8 57.15 65.9 55.6 -
La/Nd 0.95 1.20 2.21 1.26 0.90 1.13 1.22 1.52 1.06 1.13
ThOp, wt.% - - 19.5 7.1 - - - 6.44 8.0 -
U30g, wt.% - - 1.6 - - - - - - -

a¢



Table 1-20. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(a) Eu + Gd calcd. as Gd
191 192 193 194 195 196 197 198 199 200

La 27.6 24.4 18.7 25.6 25.9 21.1 26.2 23.0 24.9 25.0
Ce 41.7 44.0 55.3 44.2 42.5 46.6 37.6 44.8 44.7 43.8
Pr 4.7 5.6 - 4.3 5.7 6.4 10.3 6.3 4.6 5.4
Nd 19.8 20.5 26.0 16.0 18.5 19.2 21.5 22.3 17.3 20.0
Sm 3.1 3.3 - 3.6 4.3 2.9 1.8 1.4 2.7 3.4
Eu 0.2 a - - - - - - - -
Gd 1.9 1.9% - 1.5 3.1 2.2 2.6 1.5 2.6 2.4
Tb 0.2 - - 0.7 - 0.1 - - - -
Dy 0.6 - - 2.7 - 1.2 - 0.3 1.3 -
Ho 0.2 0.3 - 0.7 - - - - - -
Er - - - 0.7 - 0.3 - 0.2 1.7 -
Tm - - - - - - - - - -
Yb - - - - - - - 0.1 0.2 -
Lu - - - - - - - 0.1 - -

Y/(Y=La)x100 (2.3) (0.3) (7.2) (2.6) T (2.8) (L.5) (1.5
Method 05 CH 0S  XF XF _XF 05 0§ CH XF

L = La+Ce+Pr 74.0 74.0 74.0 74.1 74.1 74.1 74.1 74.1 74.2 /4.2

La-Nd 93.8 94.5 100.0 90.1 92.6 93.3 95.6 96.4 91.5 94.2
Sm-Ho 6.2 5.5 - 9.2 7.4 6.4 4.4 3.2 6.6 5.8
Er-Lu - - - 0.7 - 0.3 - 0.4 1.9 -
RE,04, wt.% 63.2 49.6 - 37.1 - - - - 56.6 -
La/Nd 1.3 1.19 0.72 1.60 1.40 1.10 1.22 1.03 1.44 1.25
ThO,, wt.% 6.34 - 17.0 - - - - 8.61 6.00 -
U30g, wt.% - - - - - - - 0.12 - -

a5



Table 1-21. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(a) Eu + Gd calcd. as Gd; (b) Tb + Y calcd. as Y
201 202 203 204 205 206 207a 207b 208 209

(2 73.9 23.4 30.0 23.4 19.9 25.0 23.8 24.2 20.5 22.4
Ce 409 45.3 39.4 45.6 48.8 49.4 45.0 46.2 49.0 46.2
Pr 54 5.5 4.9 53 56 - 5.6 5.4 4.9 579
Nd 20.8  21.6 18.8 20.3 23.3 16.8 18.9 17.8 19.0 17.0
Sm 3.3 2.3 3.4 3.5 2.4 2.3 3.8 3.3 2.8 3.2
Eu - 0.5 - - - - - - a -
&d 1.7 0.8 2.2 1.7 - 65 2.9 3.1 2.6° 3.4
b 01 1.3 = . - - . b 0.1
Dy 0.3 - - . . . 1.0 1.4
o 0.2 - . - . - 0.1 -
Er . . 0.2 - . - . 0.4
Tm - - - - - - - - 0.1 -
Yb . - . - - . . . . .
Lu - - - - - - - - - -
Y/(Y+[a)x100 < - T )2.6) < (4.5 (9.2) (5.1) (1.9 -

Method XF XF XF 0S EP INA 0S 0S CH XF

r = La+Ce+Pr 74.2 74.2 74.3 74.3 74.3 74.4 74.4 75.8 74.4 74.5

a-Nd 95.0 95.8 93.1 4.6 97.6 91.7 3.3 93.6 93.4 915
Smoio 5.0 4.2 69 52 2.4 88 67 6.4 65 8.1
Er-Lu - - - 0.2 - - - - 0.1 0.4
RE,05, WE.F - - - T53.55 7163 - T 53.29 -
[a/Nd T.15 1.08 1.60 1.5 0.85 1.49 1.26 1.36 1.08 1.3
ThO,, WE.% . . T 9635 - 1.94 21.3 195 16.30 -
030, WE.% . . 0.3 - . . - . .

= b



Table 1-22. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

210 211 212 213 214 215 216a 216b 217 218

La 23.2 23.7 23.8 24.4 25.6 23.8 23.7 23.3 22.9 25.5
Ce 45.2 45.4 50.8 44.8 40.0 45.7 45.5 47.0 46.1 40.2
Pr 6.2 5.5 - 5.5 9.2 5.4 5.7 5.4 6.0 9.3
Nd 17.3 19.7 25.4 20.4 18.1 19.9 20.4 19.8 16.2 18.4
Sm 3.4 3.7 - 3.3 3.6 3.2 3.6 3.4 6.3 3.7
Eu - - - - - - - - - -
Gd 2.9 2.0 - 1.6 3.0 2.0 1.1 1.1 2.5 2.9
Tb 0.1 - - - - - - - - -
Dy 1.3 - - - - - - - Z Z
Ho - - - - - - - - - -
Er 0.4 - - - 0.4 - - - - -
Tm - - - - - - - - - -
Yb - - - - 0.1 - - - - -
Lu - - -) - - - - - - -
Y/(Y+La)x100 - - (8.4) - - - (I.0) (l.0) (7.2) (5.5)
Method XF XF 0S XF 0S XF 0S 0S EP 0S

I = La+Ce+Pr 74.6 74.6 74.6 74.7 74.8 74.9 74.9 75.7 75.0 75.0

La-Nd 91.9 94.3 100.0 95.1 92.9 94.8 95.3 95.5 9.2 93.4
Sm-Ho 7.7 5.7 - 49 6.6 52 4.7 4.5 8.8 6.6
Er-Lu 0.4 - = - 0.5 - - - - -
RE,05, WE.% - = = - 457 - = - 603 -
La/Nd .34 1.20 0.94 1.20 1.41 1.20 1.16 1.18 1.4 1.39
Tho,, wt.% = - 10.3 - : - 1.9 7.7 56 -
U30g, wt.% - - - . = = = - 0.4 -
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Table 1-23. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(c) Tb + Dy + Y calcd. as Y
219 220 221 222 223 224 225 226 227 228

La 23.8 21.8 20.3 25.5 20.9 18.9 22.9 21.9 21.0 24.0
Ce 45.6 47.1 49.6 40.6 48.7 51.6 47.4 46.5 47.3 46.2
Pr 5.6 6.2 5.2 9.0 5.6 4.7 4.9 6.8 6.9 5.0
Nd 19.8 18.9 20.1 21.3 15.3 15,9 16.2 17.0 17.7 19.2
Sm 3.2 2.7 1.6 2.0 5.2 3.4 2.6 3.3 3.2 3.3
Eu - - - 0.2 - 0.1 - 0.3 - -
Gd 2.0 2.0 2.9 1.2 4.3 2.6 5.5 1.8 2.0 2.3
Tb - - - - c 0.3 - 0.3 0.2 -
Dy - 1.1 0.1 - C 1.6 0.5 1.3 }1.2 -
Ho - - - - - - - 0.1 0.2 -
Er - 0.2 0.2 0.2 - 0.3 - 0.4 0.1 -
Tm - - - - - 0.2 - - - -
Yb - - - - - 0.4 - 0.3 0.2 -
Lu - - - - - - - - - -
Y/(Y+La)x100 - - - - (2.8)" (1.2) (4.4) - - (4.8)
Method XF XF 0S CH INA XF 0S XF XF XF

I = La+Ce+Pr 75,0 75.1 75.1 75.1 75.2 75.2 75.2 75.2 75.2 75.2

La-Nd 94.8 94.0 95.2 96.4 90.5 91.1 91.4 92.2 92.9 94.4
Sm-Ho 5.2 5.8 4.6 3.4 9.5 8.0 8.6 7.1 6.8 5.6
Er-Lu - 0.2 0.2 0.2 - 0.9 - 0.7 0.3 -
RE,05, wt.% - - - 58.5 - 38.4  62.2 - 56.2 -
La/Nd 1.20 1.15 1.01 1.20 1.37 1.19 1.41 1.29 1.19 1.25
ThO,, wt.% - - - - - - 5.6 - - ~
U30g, wt.% - - - - - - - - - -
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Table 1-24.

Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

229 230 231 232 233 234 235 236 237 238
La 22.6 24.3 23.6 21.9 23.6 2l.4 24.8 23.2 20.5 21.9
Ce 46.9 45.8 46.9 47.6 41.8 48.7 45.5 47.0 50.2 47.7
Pr 5.7 5.2 4.8 5.9 10.0 5.3 5.1 5.2 4.8 5.9
Nd 20.0 18.6 21.7 17.0 18.8 19.2 19.8 21.4 16.8 16.9
Sm 2.4 3.8 3.0 2.5 1.8 3.5 3.0 1.4 2.8 2.5
Eu 0.1 0.2 - 0.1 - - - 0.1 - 0.1
Gd 1.3 1.9 - 2.1 3.7 1.9 1.8 1.1 2.6 2.1
Tb 0.2 - - 0.3 - - - 0.2 0.5 0.3
Dy 0.6 - - 1.4 - - - 0.3 1.0 1.4
Ho - - - 0.3 - - - 0.1 0.2 0.3
Er 0.1 0.2 - 0.6 0.3 - - - 0.2 0.6
Tm - - - - - - - - 0.2 -
Yb 0.1 - - 0.3 - - - - 0.2 0.3
Lu - - - - - - - - - -
Y/(Y+La)x100 - (3.1) - (12.8) - (6.7) - - (1.0) -
Method XF 0S EP XF oS 0S XF XF XF XF
£ = La+Ce+Pr 75.2 75.3 75.3 75.4 75.4 75.4 75.4 75.4 75.5 75.5
La-Nd 95.2 93.9 97.0 92.4 94.2 94.6 95.2 96.8 92.3 92.4
Sm-Ho 4.6 5.9 3.0 6.7 5.5 5.4 4.8 3.2 7.1 6.7
Er-Lu 0.2 0.2 - 0.9 0.3 - - - 0.6 0.9
RE,03, wt.% - - 66.53 - 57.0 - - 44.6 43.4 -
La/Nd 1.13 1.31 1.09 1.29 1.26 1.11 1.25 1.08 1.22 1.30
ThO,, wt.% - 9.97 - - - 3.66 - - - -
U308, wt.% - 0.20 - - - - _ _ _ —
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Table 1-25. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

(a) Eu + Gd calcd. as Gd; (b) Tb + Y calcd. as Y

239 240 241 242 243 244 245 246 247 248
La 22.3 22.0 25.4 19.7 20.3 24.8 25.3 25.7 21.1 21.4
Ce 49.8 47.7 45.0 47.6 49.3 45.8 45.2 46.0 48.6 47.4
Pr 3.4 5.8 5.1 8.3 6.0 5.1 5.2 4.1 6.2 7.1
Nd 18.7 19.3 19.6 20.7 21.89 19.0 20.1 15.3 17.1 20.0
Sm 3.1 4.8 2.9 3.7 2.6 3.4 2.4 2.7 3.2 2.5
Eu - - - - - - a - .1 -
Gd 1.7 - 2.0 - - 1.9 1.3% 2.4 2.2 1.2
Tb - - - - - - b - 0.1 -
Dy 0.6 f - - - - 0.5 2.2 1.0 0.4
Ho 0.1 {'0.4 - - - - - - .2 -
Er 0.2 l - - - - - 1.3 0.1 -
Tm - - - - - - - - -
Yb 0.1 - - - - - - 0.3 0.1 -
Lu - - - - - - - - - -
Y/(+la)x100 - (5.7) - m m N 6 93 LA (2 ) R n
Method EP XF XF XF - XF CH - XF XF
L = La+Ce+Pr 75.5 75.5 75.5 75.6 75.6 75.7 75.7 75.8 75.9 75.9
La-Nd 94.2 94.8 95.1 96.3 97.4 94.7 95.8 91.1 93.0 95.9
Sm-Ho 5.5 5.2 4.9 3.7 2.6 5.3 4,2 7.3 6.8 4.1
Er-Lu 0.3 - - - - - - 1.6 0.2 -
RE,03, wt.%  48.32 - - - - - 63.03 - - 56.0
La/Nd 1.19 1.14 1.30 0.95 0.93 1.31 1.26 1.68 1.23 1.07
ThO,, wt.% - 5.93 - - - - 6.14 - - -
U30g, wt.% - - - - - - - - - -




Table 1-26. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(a) Eu + Gd calcd. as Gd; (b) Tb + Y calcd. as Y
249 250 251 252 253 254 255 256 257 258

[a 6.6 23.3 21.2 25.3 22.5 22.7 26.0 24.0 21.1 24.4
Ce 43.7 42.0 49.1 45.9 47.4 49.4 50.0 46.2 49.9 45.4
Pr 5.7 10.7 5.7 4.8 6.1 4.4 - 5.9 5.1 6.3
Nd 17.3 18.4 18.6 18.7 19.0 21.2z 24.0 18.7 19.2 19.5
Sm 2.1 1.9 2.7 3.2 3.3 2.8 - z.9 2.5 3.7
Eu - - 0.1 - - - - _ a -
Gd 7.6 3.7 1.5 2.1 1.5 - n 1.7 1.8% -
Tb - - 0.3 - - - - - b Z
Dy - - 0.7 - - - - 0.5 0.3 0.7
Ho - - 0.1 - - - - _ _ _
Er - - n 0.2 - - 0.1 0.1 .
Tm - - - - - - - - - -
Yb - - . . . _ - - - n
Lu - - - - - - - - - -
Y/(Y+la)x100 (2.0) (3.7) - - - T (3.1) (4.0) (5.8)° (4.6)
Method CH 0S XF XF 0s EP 0S 1D CH EP

L = La+Ce+Pr 76.0 76.0 76.0 76.0 76.0 76.0 76.0 76.1 76.1 76.1

La-Nd 93.3 94.4 94.6 94.7 95.0 97.2 100.00 94.8 95.3 95.6
Sm-Ho 6.7 5.6 5.4 53 4.8 2.8 - 51 4.6 4.4
Er-Lu - = - - 0.2 - - 0.1 0.1 -
RE,O5, Wit.® - - - - = 52.13 - 46.8 63.75 -
La/Nd .54 1.27 1.14 1.3 1.18 1.05 1.08 1.28 1.10 1.25
ThO,, wt.% . - . ~ 6.46 - 15.3 8.1z 4.00 1L.6
U30g, wi.% : . . - 0.09 - — 0.30 - -

-
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Table 1-27. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
259 260 261 262 263 264 265 266 267 268
La 23.7 24.3 23.7 25.7 25.9 22.1 25.7 26.9 26.4 25.5
Ce 47.6 46.8 47.4 45.7 46.4 49.7 46.0 44.4 45.2 51.0
Pr 4.9 5.1 5.1 4.9 4.1 4.6 4.8 5.2 4.9 -
Nd 13.4 18.7 19.0 19.0 15.5 18.4 18.4 18.5 18.8 23.5
Sm 6.9 3.6 2.9 3.2 2.7 2.4 2.9 3.0 3.2 -
Eu - - - - - 0.2 - - - -
Gd 3.5 1.5 1.9 1.5 2.4 1.2 2.2 2.0 1.5 -
Tb - - - - - 0.2 - - - -
Dy - - - - 1.4 0.7 z - - -
Ho - - - - - - - - - -
Er - - - - 1.3 0.2 - - - -
Tm - - - - - 0.1 - - - -
Yb - - - - 0.3 0.2 - - - -
Lu - - - - - - - - - -
Y/(Y+La)x100 (6.4) - - - (2.6) - - - - (8.0)
Method EP XF XF XF CH XF XF XF XF 0S
L = La+Ce+Pr 76.2 76.2 76.2 76.3 76.4 76.4 76.5 76.5 76.5 76.5
La-Nd 89.6 94.9 95,2 953 91.9 94.8 94.9 95.0 95.3 100.0
Sm-Ho 10.4 5.1 4.8 4.7 6.5 4.7 5.1 5.0 4.7 -
Er-Lu - - - - 1.6 0.5 - - - -
RE,03, wt.% 60.2 - - - 62.4 - - - - -
La/Nd 1.77  1.30 1.25 1.35 1.67 1.20 1.40 1.45 1.40 1.09
ThO,, wt.% 4.5 - - - 8.75 - - - - 11.7
U308, wt.% 2.5 - - - - - - - - -




Table 1-28. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

269 270 271 273 273 274 275 276 277 278

La . 19.2 25.6 23.2 21.7 19.3 21.0 23.1 25.2 26.2 23.3
Ce 51.5 45.9 48.1 52.3 53.4 49.3 47.8 47.1 42.1 46.4
Pr 5.9 5.1 5.3 2.7 4.0 6.5 5.9 4.5 8.5 7.1
Nd 16.8 17.6 19.6 18.0 18.6 16.0 18.4 19.0 19.3 19.6
Sm 3.8 3.0 1.4 2.9 3.0 2.4 2.1 2.4 2.3 2.0
Eu - - 0.1 - - 0.1 - - - 0.2
Gd 2.1 2.8 1.2 1.6 1.1 1.3 1.8 1.8 1.6 0.6
Tb b - 0.2 - - 0.2 0.2 - - 0.1
Dy 0.7 - 0.7 0.5 0.4 1.3 0.6 - - 0.4
Ho - - 0.2 0.1 - 0.3 - - - 0.1
Er n . 0.2 0.1 0.6 0.1 - - n
Tm - - - - - 0.1 - - - -
Yb - - - - 0.1 0.8 - - - 0.2
Lu . . - - 0.1 - . . -
Y/(Y+La)x100 (0.9)0 - n . » T (7.2) (2.2) (1.9) -
Method CH XF XF EP XF XF - 0S 0S XF

I = La+Ce+Pr 76.6 76.6 76.6 76.7 76.7 76.8 76.8 /6.8 /6.8 76.8

La-Nd 93.4 94.2 96.2 94.7 95.3 92.8 95.2 95.8 96.1 96.4
Sm-Ho 6.6 5.8 3.8 5.1 4.5 5.6 4.7 4.2 3.9 3.4
Er-Lu - - - 0.2 0.2 1.6 0.1 - - 0.2
RE;03, wt.% - - 55.1 49.05 68.3 - - - - -
La/Nd 1.14 1.45 1.18 1.21 1.04 1.31 1.26 1.33 1.36 1.19
ThO,, wt.% 8.48 - - - - - - 6.7 - -

U308’ wt.% 0.04 - - - - - - - - -




Table 1-29. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(a) Eu + Gd calcd. as Gd; (b) Tb + Y calcd. as ¥
279 280 281 282 283 284 285 286 287 288

) 22.0 25.2 28.0 23.3 21.5 24.3 26.3 28.3 23.8 23.1
Ce 50.7 51.6 42.9 51.9 52.8 46.8 45.5 46.8 46.8 48.0
Pr i1 - 60 1.7 2.6 5.8 5.1 1.8 6.3 5.8
Nd 0.3 23.2 13.9 14.7 17.2 17.3 17.5 18.3 18.3 18.4
Sm 20 - 4.2 3.1 3.1 2.7 3.2 4.4 2.4 2.1
Eu a - 0.7 0.1 0.1 a - - - -
Gd 0.7 - 3.8 2.6 1.7 2.0° 2.4 0.4 1.6 1.8
75 b m n - - b - 0.1 0.2
Dy 0.2 < 1.9 0.6 0.4 - 0.7 0.5
o n - 0.1 - 0.1 0.3 = n n n
Er n 0.4 0.4 0.2 0.4 - . 0.1
Tm - - - - - - - - - -
Yb z . 0.3 0.1 - n - n n
[ m . . . . . - . . m
Y+ La)x100 (0.9)Y (7.2) (2.4) (10.1) -  (8.7)Y - (2L.5) - -
Method CH 05 T XFEPCHXF z XF XF

I = LatCe+Pr 76.8 76.8 76.9 76.9 76.9 76.9 76.9 76.9 76.9 76.9

La-Nd 97.1 100.0 90.8 91.6 94.1 94.2 94.4 95.2 95.2 95.3
Sm-Ho 2.9 - 8.8 7.7 5.6 5.4 5.6 4.8 4.8 4.6
Er-Lu - - 0.4 0.7 0.3 0.4 - - - 0.1
RE,05, wt.%  61.0 - 2 - 53.99 50.13 - - - -
La/Nd 1.08 1.09 2.01 1.59 1.25 1.40 1.50 1.55 1.30 1.26
ThO,, wt.%  7.23 9.7 - . - 5.7 - - - .
U308, wt.% - - - - _ - _ - _ Z
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Table 1-30. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
289 290 291 292 293 294 295 296 297 298
La 22.8 26.4 22.3 26.6 25.9 25.0 24.1 24.1 25.9 22.5
Ce 48.3 42.1 48.1 46.9 46.2 52.1 47.9 48.3 46.3 5l1.1
Pr 5.8 8.4 6.6 3.6 5.0 - 5.2 4.8 5.0 3.6
Nd 18.9 19.2 16.2 14.8 18.5 22.9 12.7 17.2 18.5 18.7
Sm 1.6 2.2 2.6 1.9 2.9 - 3.7 2.8 2.8 1.8
Eu - - 0.2 - - - 0.2 - - 0.3
Gd 2.0 1.5 1.7 3.3 1.5 - 2.8 2.8 1.5 1.3
Tb - - 0.2 0.5 - - 0.3 - - -
Dy 0.2 - 1.1 2.0 - - 1.9 - - 0.7
Ho - - 0.2 0.2 - - 0.3 - - -
Er 0.3 0.2 0.3 - - - 0.4 - - -
Tm - - - 0.2 - - 0.1 - - -
Yb 0.1 - 0.5 - - Z 0.4 z z .
Lu - - - - - - - - - -
Y/(Y+la)x100 (3.2) - - (2.3y - (6.3) - - - -
Method 0S 0S XF XF XF 0S XF XF XF -
I = La+Ce+Pr 76.9 76.9 77.0 77.1 77.1 77.1 77.2 77.2 17.2 7.2
La-Nd 95.8 96.1 93.2 91.9 95.6 100.0 89.9 94.4 95.7 95.9
Sm-Ho 3.8 3.7 6.0 7.9 4.4 - 9.2 5.6 4.3 4.1
Er-Lu 0.4 0.2 0.8 0.2 - - 0.9 - - -
RE,03, wt.% -  51.15 - - - - - - - -
La/Nd 1.21 1.38 1.38 1.80 1.40 1.09 1.90 1.40 1.40 1.20
ThO,, wt.% 9.17 - - - - 10.0 - - - -
U30g, wt.%  0.18 - - - = - - - - -
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Table 1-31. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

(a) Eu + Gd calcd. as Gd

299 300 301 302 303 304 305 306 307 308
La 24.4 23,9 28.3 29.0 26.6 25.0 24.1 26.9 16.3 23.0
Ce 47.8 48.1 43.5 43.1 45.8 475, 48.4 46.3 55.3 48.7
Pr 5.1 5.3 5.5 5.2 5.0 5.0 5.1 4.4 6.0 5.9
Nd 18.1 18.4 18.9 19.6 18.3 15.5 14.4 17.3 17.5 18.2
Sm 2.7 3.3 3.8 1.8 2.8 5.0 5.4 2.9 3.0 1.5
Eu - - - 0.3 - - - - a -
Gd 1.9 1.0 - 0.9 1.5 2.0 2.6 2.2 1.9% 1.9
Tb - - - - - - - - - -
Dy - - - 0.1 - - - - - 0.3
Ho - - - - - - - - - -
Er - - - - - - - - - 0.4
Tm - - - - - - - - - -
Yb - - - - - - - - - 0.1
Lu - - - - - - - - - -
Y/(Y+La)x100 - (0.9) - - - (1.4) (1.7) - (2.0) (3.2)
Method XF 0S XF XF XF EP EP XF CH -
r = La+Ce+Pr 77.3 77.3 77.3 77.3 77.4 77.5 77.6 77.6 77.6 77.6
La-Nd 95.4 95.7 96.2 96.9 95.7 93.0 92.0 94.9 95.1 95.8
Sm-Ho 4.6 4.3 3.8 3.1 4.3 7.0 8.0 5.1 4.9 3.7
Er-Lu - - - - - - - - - 0.5
RE;03, wt.% - - - - - 63.4 59.7 50.0 - 54.71
La/Nd 1.35 1.30 1.50 1.48 1.45 1.61 1.67 1.55 0.93 1.26
ThO,, wi.% - 9.3 - - - T 5.6 - . 7.64
U30g, wt.% - - - - - 0.1 0.2 - - 0.29
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Table 1-32. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd.)

309a  309b 309c 310 311 312 313 314 315 316

La 22.3 24.5 23.2 25.2 24.6 25.7 26.9 23.3 26.9 20.0
Ce aT.6  47.4 52.9 48.3 48.2 47.0 46.6 5.3 40.3 52.8
Pr 9.1 6.2 5.5 4.2 4.9 5.1 4.3 3.3 10.7 5.1
Nd 20.1 19.4 16.3 16.2 17.3 17.8 17.9 15.2 18.5 22.1
Sm 3.3 1.8 1.7 3.0 3.3 3.0 2.9 3.1 1.4 -
Eu - 0.2 0.1 0.2 - - - 0.1 - -
Gd 2.6 - 0.2 1.3 1.7 1.4 1.4 1.8 2.0 -
Tb - - - 0.2 - - - - - b
Dy 1.0 0.3 0.1 0.9 - - - 1.7 - -
Ho - 0.1 - - - - - - - -
Er - - - - - - - - 0.2 -
Tm = 0.1 z 0.2 = - - z - -
Yb z - = 0.3 - - - 0.2 - -
Lu - - - - - - - - - -
Y/(Y+La)x100 (2.8) < - (1.0) (3.4 - T (6.5) - (15.0)°
Method XF XF CH XF 0S XF XF XF 0S CH

I = La+Ce+Pr 73.0 78.1 8.6 77.7 77.7 77.8 77.8 77.9 77.9 77.9

La-Nd 93.1 97.5 97.9 93.9 95.0 95.6 95.7 93.1 96.4 100.0
Sm-Ho 6.9 2.4 2.1 5.6 5.0 4.4 4.3 6.7 3.4 -
Er-tu - 0.1 - 0.5 - - - 0.2‘ 0.2 -
RE203,.wt.% 54.0 54.0 54.0 47.5 - - - - 50.8 -
La/Nd 1.11  1.26 1.42 1.56 1.42 1.44 1.50 1.53 1.45 0.90
ThO,, wt.% 2.39  2.39 2.39 - 11.0 - - - - -
U30g, wt.% - - - - - _ Z - _ _




Table 1-33. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
317 318 319 320 321 322 323 324 325 326
La 23.8 22.3 23.1 26.2 30.1 26.8 23.9 26.7 24.7 25.6
Ce 51.9 51.5 48.9 47.1 42.6 40.5 51.9 46.2 47.0 47.4
Pr 2.3 4.2 6.0 4.7 5.3  10.7 2.3 5.2 6.4 5.1
Nd 15.6 16.6 17.3 18.1 18.3 18.5 15.5 17.8 17.9 18.9
Sm 2.8 2.7 2.3 2.5 3.5 1.4 2.8 2.5 1.7 3.0
Eu 0.1 0.1 0.1 - - - 0.1 - 0.1 -
Gd 2.3 1.8 1.4 1.4 - 2.1 2.3 1.6 1.3 -
Tb - - 0.2 - - - - - - -
Dy 1.0 0.6 0.5 - ( - 1.0 - 0.5 -
Ho - - - - {:0.2 - - - - -
Er 0.1 0.1 0.2 - i - 0.1 - 0.3 -
Tm - - - - - - - - - -
Yb 0.1 0.1 - - - - 0.1 - 0.1 -
Lu - - - - - - - - - -
Y/(Y+La)x100 (6.0) (2.7) - - (3.3) (1.1) (6.4) - (2.0) -
Method XF XF XF XF 0S 0S XF XF 0s XF
r = La+Ce+Pr 78.0 78.0 78.0 78.0 78.0 78.0 78.1 78.1 78.1 78.1
La-Nd 93.6 94.6 95.3 96.1 96.3 96.5 93.6 95.9 96.0 97.0
Sm-Ho 6.2 5.2 4.5 3.9 3.7 3.5 6.2 4.1 3.6 3.0
Er-Lu 0.2 0.2 0.2 - - - 0.2 - 0.4 -
RE,O3, WE.% - - 529 - - - - - - -
La/Nd 1.3 1.34 1.34 1.45 1.64 1.45 1.54 1.50 1.38 1.35
ThO,, wt.% 18.7 7.57 - - 0.18 - - - 1.04 -
U30g, wt.% - - - - - - Z Z 1.38 Z
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Table 1-34. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(a) Eu + Gd calcd. as Gd; (b) Tb + Y calcd. as Y
327 328 329 330 331 332 333 334 335 336

(3 123 24.4 20.1 23.5 22.8 23.0 24.0 27.9 26.2 26.0
Ce 56.5 47.3 50.8  49.6 49.5 52.0 52.0 44.6 47.4 47.6
Pr 7.3 6.5 7.3 5.1 6.0 3.3 2.3 5.8 4.7 4.8
Nd 20.0 17.1 17.6 18.8 14.7 15.2 15.4 17.0 17.5 16.7
S 1.3 1.6 1.7 2.1 5.3 3.0 2.8 2.2 2.6 1.9
Eu 0.2 - - a - 0.1 0.1 a - 0.2
Gd 0.4 2.5 1.4 0.9 1.7 2.3 2.1 1.1% 1.6 1.4
Tb - - - c - - - b - 0.3
Dy — 0.4 0.5 < 0.9 1.1 0.5 - 0.5
o n " - " _ " T 0.2 - 0.1
Er 0.1 0.4 - 0.1 0.1 0.4 - 0.3
Tm - - - - - - - - - -
Yb - 0.1 0.2 - 0.1 0.1 0.3 - 0.2
Lu - - - - - - - - - -
Y+ La)xI00 - (3.1) (2.3) (0.6)° (5.4) (6.1 (6.1) (2.0 - (2.9)
Method 0S XF CH EP XF XF CH XF CH

r = La+Ce+Pr 78.1 78.2 78.2 78.2 78.3 78.3 78.3 78.3 78.3 78.4

La-Nd 98.1 95.3 95.8 97.0 93.0 93.5 093.7 95.3 95.8 95.1
Sm-Ho 1.9 4.5 3.6 3.0 7.0 6.3 6.1 4.0 4.2 4.4
Er-Lu — 0.2 0.6 - - 0.2 0.2 0.7 - 0.5
RE,05, Wt.% - z - 64.6 61.3 - - 60.84 -  6L.8
[a/Nd 0.72 1.43 1.14 1.25 1.55 1.51 1.56 1.64 1.50 1.56
ThO,, wi.% . - = 5.60 6.5 - - 4.26 - =
U30g, WE.% - 0.5 - T 0.2 - - - - -




Table 1-35. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

(a) Eu + Gd calcd. as Gd; (b) Tb + Y calcd. as Y

337 338 339 340 341 342 343 344 345 346
La 24.6 32.2 25.1 25.3 27.8 26.3 23.2 27.2 24.1 26.6
Ce 48.8 40.0 48.4 49.0 46.3 47.5 49.1 51.3 h2.2 47.2
Pr 5.0 6.2 4.9 4.2 4.4 4.7 6.2 - 2.4 4.9
Nd 16.9 17.3 18.4 13.0 16.1 17.5 19.6 21.5 15.7 1l6.1
Sm 2.9 2.7 2.5 2.7 2.1 2.6 1.3 - 2.6 2.4
Eu - 0.1 - 0.2 0.2 - 0.1 - - a
Gd 1.8 0.4 0.7 1.6 1.5 1.4 0.5 - 2.0 1.6%
Tb - 0.1 - 0.5 0.3 - - - - b
Dy - 0.3 - 1.0 1.3 - - - 0.9 0.6
Ho - - - - - - - - - 0.2
Er - 0.7 - 0.9 - - - - - 0.4
Tm - - - 0.4 - - - - - -
Yb - - - 0.8 = - - - 0.1 -
Lu - - - 0.4 - - - - - -
Y/(Y+La)x100 (0.3) (7.1) (5.5) (1.3) (1.6) - - (5.8) (3.8) (1.9)b
Method XF ICP 0S XF - XF XF 0S XF CH
L = La+Ce+Pr 78.4 78.4 78.4 78.5 78.5 78.5 78.5 /8.5 78.7 78.7
La-Nd 95.3 95.7 96.8 91.5 94.6 96.0 98.1 100.0 94.4 94.8
Sm-Ho 4.7 3.6 3.2 6.0 5.4 4.0 1.9 - 5.5 4.8
Er-tu - 0.7 - 2.5 - - - - 0.1 0.4
RE,03, wt.% -  65.1 -  42.5 6l.21 - - . — 58.48
La/Nd 1.46 1.8 1.36 1.95 1.73 1.50 1.18 1.27 1.54 1.65
ThO,, wt.% - 3.32 7.7 - - - - 8.1 - 4.96
U30g, wt.% - 0.87 - " N . - - m .

“0



Table 1-36. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

(a) Eu + Gd calcd. as Gd; (b) Tb + Y calcd. as Y

347 348 349 350 351 352 353 354 355 356
La 20.3 27.8 24.5 26.1 25.2 27.0 28.5 19.3 24.2 27.7
Ce 52.4 45.6 52.8 47.9 48.1 41.9 44.0 54.3 b2.4 46.7
Pr 6.0 5.4 1.5 4.8 5.5 9.9 6.4 5.3 2.3 4.5
Nd 16.7 13.5 14.9 16.6 17.6 17.8 14.3 14.5 15.5 16.1
Sm 1.9 3.0 3.0 1.9 1.5 1.5 3.3 2.6 2.6 2.1
Eu - 0.7 - a - - 0.6 0.2 0.1 a
Gd 2.2 3.5 1.9 1.6% 1.2 1.8 2.9 1.9 1.7 1.7%
Tb - - - b 0.2 - - 0.2 b
Dy 0.3 - 1.2 0.5 0.6 - - 1.2 1.0 1.2
Ho - 0.1 - 0.1 0.1 - - 0.1 - -
Er 0.1 0.4 0.1 0.3 - 0.1 - 0.2 0.1 -
Tm - - - - - - - - - -
Yb 0.1 - 0.1 0.2 - - - 0.2 0.1 -
Lu - - - - - - - - - -
Y/(V+La)x100 - (2.4) (4.8) (2.8)7 - (e - (5.2) (L.9)P
Method XF - XF CH XF 0S - XF XF CH
Iz = La+Ce+Pr 78.7 78.8 78.8 78.8 78.8 78.8 78.9 78.9 78.9 78.9
La-Nd 95.4 92.3 93.7 95.4 96.4 96.6 93.2 93.4 94.4 95.0
Sm-Ho 4.4 7.3 6.1 4.1 3.6 3.3 6.8 6.2 5.4 5.0
Er-Lu 0.2 0.4 0.2 0.5 - 0.1 - 0.4 0.2 -
RE,05, Wt.% - - - 61.69 - 59.7 - - - 61.21
La/Nd 1.22 2.06 1.64 1.57 1.43 1.52 1.99 1.33 1.56 1.72
ThO,, wt.% - - - 4.62 - - - - - 5.32
U30g, wt.% - - - - - - Z Z - Z

A1



Table 1-37. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

(a) Eu + Gd calcd. as Gd; (b) Tb + Y calcd. as Y

357 358 359 360 351 362 363 364 365 366
La 26.4 28.6 28.4 29.5 23.0 27.1 28.6 29.2 27.2 17.2
Ce 47.4 43.0 43.3 45.0 51.5 46.8 41.0 41.7 46.3 56.8
Pr 5.1 7.3 7.2 4.5 4.6 5.3 9.6 8.3 5.8 5.3
Nd 17.6 17.9 18.0 15.5 15.1 15.2 17.4 20.8 16.9 17.7
Sm 2.5 1.3 1.3 3.9 2.9 2.3 1.5 - 2.7 1.8
Eu - 0.2 0.2 - - a - - a a
Gd 1.0 1.6 1.6 1.6 1.6 1.4% 1.9 - 1.1 1.2°%
Tb - - - - - b - - b -
Dy - - - - - 0.6 - - - -
Ho - - - - 1.2 0.3 - - - -
Er - 0.1 - - - 0.7 - - - -
Tm - - - - - - - - - -
Yb - - - - 0.1 0.3 - - - -
Lu - - - - - - Z - Z -
Y/(Y+La)x100 - z n T5.0) (2P (L3) = (2.2D)P (1.6)
Method XF 0S 0S XF XF CH 1N XF CH CH
L = La+Ce+Pr 78.9 78.9 78.9 79.0 79.1 79.2 79.2 79.2 79.3 79.3
La-Nd 96..5 96.8 96.9 94.5 94.2 94.4 96.6 100.0 96.2 9/.0
Sm-Ho 3.5 3.1 3.1 5.5 5.7 4.6 3.4 - 3.8 3.0
Er-Lu - 0.1 - - 0.1 1.0 - - - -
RE,03, WE.B = 60.0 - - - 39.68 - - 62.08 5.1
La/Nd 1.50 1.60 1.58 1.0 1.5 1.78 1.64 1.40 1.61 0.97
ThO,, wt.% - - - - - 8.94 - - 3.00 -
U308, wt.% - - - = - - - - - -

Yo



Table 1-38. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
367 368 369 370 371 372 373 374 375 376

La 27.4 23.9 25.8 25.8 26.1 25.7 29.7 24.2 27.7 3l.3
Ce 51.9 52.3 49.1 3.6 49.7 50.4 45.9 52.8 47.1 43.2
Pr - 3.2 4.5 - 3.7 3.4 3.9 2.5 4.7 5.0
Nd 20.7 15.2 18,0 18.0 12.3 13.0 15.0 15.3 16.8 18.0
Sm - 2.4 2.3 2.4 2.6 2.7 1.6 2.5 2.4 1.8
Eu - 0.1 - - 0.2 - - - - -
Gd - 1.5 - - 1.5 1.5 2.6 1.;8 1.3 0.7
Tb - - - - 0.4 0.4 0.2 - - -
Dy - 1.4 0.3 0.2 1.3 1.1 1.1 0.8 - -
Ho - - - - 0.2 0.2 - - - -
Er - - - - 0.7 0.5 - - - -
Tm - - - - 0.3 0.3 - - - -
Yb - - - - 0.5 0.5 - 0.1 - -
Lu - - - - 0.5 0.3 - - - -

Y/(Y+a)x100 (6.3) (4.5) (2.7) (2.6) (1.2) 1.0 (1.2) (3.6) - -

Method 0S XF EP EP XF XF XF XF XF XF

r = La+Ce+Pr 79.3 79.4 79.4 79.4 79.5 79.5 79.5 79.5 79.5 /9.5

[a-Nd 100.00 94.6 97.4 97.4 91.8 92.5 94.5 94.8 96.3 97.5
Sm-o 54 26 2.6 6.2 59 55 51 3.9 2.5
Er-Lu n = - - 2.0 1.6 - 0.1 - =
RE0;, Wi-% - T 57.65 59.06 48.8 49.4 48.3 - = -
[a/Nd .32 1.57 1.43 1.43 2.1Z 1.98 1.98 1.58 1.65 1.74
Tho,, wt.% 8.2 - 8.04 8.07 - = = = : -
U305, Wi-% - 0.6 091 - - - - - -
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Table 1-39.

Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(a) Eu + Gd calcd. as Gd; (b) Tb + Y caled. as Y; (c) Tb + Dy + Y calcd. as Y

377 378 379 380 381 382 383 384 385 386
La 25.4 23.2 23.2 27.8 22.9 22.1 25.0 24.0 23.4 26.2
Ce 54.1 51.8 52.9 41.6 53.4 53.4 52.4 49.2 51.1 49.0
Pr - 4.6 3.5 10.2 3.4 4.2 2.3 6.5 5.2 4.6
Nd 20.5 14.8 14.9 16.8 14.8 14.9 15.0 15.5 18.2 14.4
Sm - 2.8 2.5 1.8 2.5 1.9 2.5 2.2 1.4 5.1
Eu - - 0.1 a 0.1 - - 0.1 a -
Gd - 1.6 1.6 0.9% 1.2 1.4 1.8 1.0 0.7% 0.7
Tb - - - b - 0.2 - 0.1 C -
Dy - 1.0 1.3 0.6 1.2 0.6 0.9 0.7 C -
Ho - - - 0.1 - 0.2 - 0.1 - -
Er . . 0.1 0.4 0.2 - 0.3 - -
Tm - - - - - 0.2 - - - -
Yb - 0.2 - 0.1 0.1 0.7 0.1 0.3 - -
Lu - - - - - - - - - -
Y/(Y+La)x100 (8.9) (5.4) (3.7 (L.5)° (4.6) (0.6 (4.4) - (L.D)° 1.6)
Method 0S XF XF CH XF XF XF XF CH EP
£ = La+Ce+Pr 79.5 79.6 79.6 79.6 79.7 79.7 79.7 79.7 79.7 79.8
La-Nd 100.0 94.4 94.5 96.4 94.5 94.6 94.7 95.2 97.9 84.2
Sm-Ho - 5.4 5.5 3.4 3.8 4.3 5.2 4.2 2.1 5.8
Er-Lu - 0.2 - 0.2 0.5 1.1 0.1 0.6 - -
RE203, wt.% - - - 58.92 - 45.5 - - 64.6 64.7
La/Nd 1.24 1.57 1.56 1.65 1.55 1.48 1.67 1.55 1.29 1.82
Th02, wt.% 12.2 - - 7.07 - - - - 5.6 0.7
U30g, Wi.% - - - - - N - - - 1.3
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Table 1-40. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

(a) Eu + Gd caled. as Gd

387 388 389 390 391 392 393 394 395 396
La 24.0 23.2 26.6 28.3 23.6 24.2 20.4 24.4 23.9 25.4
Ce 53.1 53.2 48.8 46.6 53.4 52.3 54.3 53.8 52.8 52.9
Pr 2.7 3.4 4.4 4.9 2.9 3.4 5.2 1.8 3.3 1.7
Nd 14.8 14.9 15.3 16.0 14.7 14.7 17.3 14.1 14.6 14.7
Sm 2.5 2.4 2.6 2.5 2.5 2.4 2.2 2.6 2.5 2.5
Eu 0.1 0.1 0.1 - 0.1 0.2 a - 0.1 0.1
Gd 1.7 1.6 1.5 1.0 1.7 1.5 0.6% 1.7 1.6 1.8
Tb - - 0.1 - - - - - - -
Dy 1.0 1.0 0.5 0.7 1.0 1.3 - 1.4 1.1 0.8
Ho - - - - - - - - - -
Er - - - - 0.1 - - 0.1 - -
Tm - - 0.1 - - - - - - -
Yb 0.1 0.2 - - - - - 0.1 0.1 0.1
Lu - - - - - - - - - -
Y/(Y+La)x100 (3.9) (5.5) - - (4.4) (4.0) (0.9) (4.2) (4.6) (3.3)
Method XF XF XF CH XF XF CH XF XF XF
r = La+Ce+Pr 79.8 79.8 79.8 79.8 79.9 79.9 79.9 80.0 80.0 80.0
La-Nd 94.6 94.7 95.1 95.8 94.6 94.6 97.2 94.1 94.6 94.7
Sm-Ho 5.3 5.1 4.8 4.2 5.3 5.4 2.8 5.7 5.3 5.2
Er-Lu 0.1 0.2 0.1 - 0.1 - - 0.2 0.1 0.1
RE;03, wt.% - - - 67.2 - - - - - -
La/Nd 1.62 1.5 1.74 1.77 1.61 1.65 1.18 1.73 1.64 1.73
ThOo, wt.% - - - 1.68 - - - - - -
U30g, wt.% - - - 0.035 - - - - - -




Table 1-41. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
397 398 | 399 400 401 402 403 404 405 406
La 15.5 26.8 24.5 28.4 23.1 23.5 25.9 24.2 25.0 27.0
Ce 42.5 44.1 55,5 46.6 53.8 51.2 49.9 54.0 53.7 44.0
Pr 22.0 9.1 - 5.1 3.2 5.4 4.3 2.0 1.5 9.2
Nd 15,6 17.2 20.0 14.4 14,5 15.1 17.0 14.1 14.9 17.2
Sm 3.0 1.3 - 1.5 2.4 2.2 2.8 2.6 2.4 1.2
Eu - - - 0.1 - 0.1 - - - -
Gd 1.4 1.4 - - 1.9 1.6 - 1.6 1.7 1.4
Tb -~ - - - - 0.1 - - - -~
Dy - - - 1.4 0.9 0.6 0.1 1.3 0.7 -
Ho - 0.1 - 0.9 - 0.1 - - - ~
Er - - - 1.2 0.1 - - 0.1 - -
Tm - - - - - - - - - -
Yb - - - 0.4 0.1 0.1 - 0.1 0.1 -
Lu - - - - - - - - - -
Y/(Y+La)x100 (1.2) - (0.7) - (4.2) - (1.9) (3.9) (3.6) (1.9)
Method CH 0s 0S 0S XF XF EP XF XF )
r = La+Ce+Pr 80.0 80.0 80.0 80.1 80.1 80.1 80.1 80.2 80.2 80.2
La-Nd 95.6 97.2 100.0 94.5 94.6 95.2 97.1 94.3 95.1 G97.4
Sm-Ho 4.4 2.8 - 3.9 5.2 4.7 2.9 5.5 4.8 2.6
Er-Lu - - - 1.6 0.2 0.1 - 0.2 0.1 -
RE503, wt.% - 54.4 - - - - 60.08 - - -
La/Nd 0.99 1.5 1.23 1.97 1.59 1.56 1.52 1.72 1.68 1.57
ThO,, Wt.% - - 13.7 0.2 - - 8.21 - - -
U30g, wt.% - - - - - - 0.82 - - _
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Table 1-42. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
407 408 409 410 411 412 413 414 415 416
La 28.2 25.3 20.6 24.5 26.6 27.7 26.9 27.1 29.5 27.2
Ce 52.0 54.9 53.6 51.5 49.5 52.6 48.0 53.2 46.6 53.2
Pr - - 6.1 4.3 4.2 - 5.4 - 4.3 -
Nd 7.2 19.8 16.7 17.1 17.3 17.4 18.0 19.7 15.5 19.6
Sm 2.4 - 2.5 2.5 2.3 2.2 1.0 - 1.6 -
Eu - - - - - - 0.1 - - -
Gd - - - - - - 0.6 - 2.5 -
Tb - - - - - - - - - -
Dy 0.2 - 0.5 0.1 0.1 0.1 - - - -
Ho - - - - - - - - - -
Er - - - - - - - - - -
Tm - - - - - - - - - -
Yb - - - - - - - - - -
Lu - - - - - - - - - -
Y/(Y+La)x100 (2.7) (6.2) (3.5) (2.7) (1.9) (l.8) - (7.4) - (0.6)
Method EP 0S EP EP EP EP XF 0S XF 0S
I = La+Ce+Pr 80.2 80.2 80.3 80.3 80.3 80.3 80.3 80.3 80.4 80.4
La-Nd 97.4 100.0 97.0 97.4 97.6 97.7 98.3 100.0 95.9 100.0
Sm-Ho 2.6 - 3.0 2.6 2.4 2.3 1.7 - 4.1 -
Er-Lu - - - - - - - - - -
RE,03, wt.%  58.53 - - 59.72 57.67 58.85 - - - -
La/Nd 1.64 1.28 1.23 1.43 1.5 1.59 1.43 1.38 1.90 1.39
ThO,, wt.% 7.59 9.1 - 8.91 7.35 7.16 - 7.5 - -
U308, wt.% - - - - - - - - - -
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Table 1-43. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(a) Eu + Gd caled. as Gd; (b) Tb + Y calcd. as Y; (c) Tb + Dy + Y calcd. as Y
417 418 419 420 421 422 423 424 425 426
La 26.3 29.5 24.9 25.8 22.6 25.8 8.7 23.0 28.1 24.7
Ce 49.8 47.1 51.0 50.5 53.9 49.9 65.2 53.5 43.8 53.6
Pr 4.4 3.9 4.6 4.2 4.0 4.8 6.7 4.1 8.7 2.4
Nd 11.6 14.9 14.9 16.1 16.4 17.0 11.6 16.4 17.1 13.8
Sm 2.7 1.1 2.0 2.5 1.9 2.4 4.8 1.9 1.0 2.4
Eu 0.1 - a - a - - a - -
Gd 1.5 1.7 1.6% - 1.2% - 3.0 1.0% 1.3 2.0
Tb 0.5 0.2 b - - - - c - -
Dy 1.1 1.2 0.4 0.9 - 0.9 - c - 1.0
Ho 0.5 0.2 0.1 - - - - - - -
Er 0.1 - 0.2 - - - - - - -
Tm 0.5 0.2 - - - - - - - -
Yb 0.7 - 0.3 - - - - - - 0.1
Lu 0.2 - - - - - - - - -
Y/(Y+La)x100 (0.9) (1.2) (3.9)“LJ (1.9) (1.1) (2.2) (0.15) (2.8%) (1.2) (4.6)
Method XF XF CH EP CH EP XF CH 0S XF
r = La+Ce+Pr 80.5 80.5 80.5 80.5 80.5 80.5 80.6 80.6 80.6 80.7
La-Nd 92.1 95.4 95.4 96.6 96.9 97.5 92.2 97.0 97.7 94.5
Sm-Ho 6.4 4.4 4.1 3.4 3.1 3.3 7.8 2.9 2.3 5.4
Er-Lu 1.5 0.2 0.5 - - - - - - 0.1
RE,05, wt.% 49.2 48.2 61.76 60.38 56.3 59.71 50.6 53.45 - -
La/Nd 2.27 1.98 1.67 1.60 1.38 1.52 0.75 1.40 1.64 1.79
ThO,, wt.% - - 6.20 7.85 - 9.05 5.77 5.55 - -
U30g, wt.% - - - - - 0.55 - - - -
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Table 1-44. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)

427 428 429 430 431 432 433 434 435 436

La 25.1 24.6 19.5 25.7 24.3 24.6 28.4 24.9 22.7 26.3
Ce 51.5 51.9 55.2 49.9 56.5 51.2 47.8 51.4 52.0 49.2
Pr 4.1 4.2 6.1 5.2 - 5.1 4.7 4.6 6.2 5.4
Nd 16.5 16.5 17.0 17.0 19.2 15.0 16.2 16.6 17.2 17.6
Sm 2.5 2.7 2.2 2.2 - 1.9 1.9 2.4 1.9 0.9
Eu - - - - - 0.2 - - - 0.1
Gd - - - - - 1.0 1.0 - - 0.5
Tb - - - - - - - - - -
Dy 0.3 0.1 - - - 1.6 - 0.1 - -
Ho - - - - - - - - - -
Er - - - - - - - - - -
Tm - - - - - - - - - -
Yb - - - - - 0.4 - - - -
Lu - - - - - - - - - -
Y/(Y+La)x100 (3.0 (1.9) - (5.4) (9.2) - - (2.4) ' - (0.4)
Method EP EP XF EP 0S XF XF EP EP XF

1 = La+Ce+Pr 80.7 80.7 80.8 80.8 80.8 89.9 80.9 80.9 80.9 80.9

La-Nd 97.2 97.2 97.8 97.8 100.0 95.9 97.1 97.5 98.1 98.5
Sm-Ho 2.8 2.8 2.2 2.2 - 4.7 2.9 2.5 1.9 1.5
Er-Lu - - - - - 0.4 - - - -
RE,03, wt.% 54.87 60.8 - - - - - 62.46 62.33 69.4
La/Nd 1.52  1.49 1.15 1.51 1.27 1.63 1.75 1.50 1.32 1.49
ThOy, wt.% 10.89 8.44 - 2.45 7.5 - - 8.71 1.79 -
Us0g, wt.% - - - - - - z 0.48 _ -
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Table 1-45. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(a) Eu + Gd calcd. as Gd; (b) Tb + Y calcd. as Y

437 438 439 440 441 442 443 444 445 446
La 27.7 28.0 23.9 23.7 24.4 25.7 25.8 26.0 30.0 29.8
Ce 53.2 44,5 51.2 53.5 5l.6 50.3 50.2 50.0 51.1 45.4
Pr - 8.4 5.9 3.4 5.0 5.0 5.0 5.1 - 6.0
Nd 19.1 19.1 13.4 14.5 15.7 16.6 16.6 16.3 18.7 12.0
Sm - - 2.8 2.3 2.2 2.4 2.4 2.6 - 2.4
Eu - - a - - - - - - 0.6
Gd - - 1.6 1.0 0.8 - - - - 2.9
b - Z b - - . - Z Z -
Dy - - 1.2 1.1 0.3 - - - - -
Ho Z - - - - - - - - 0.2
Er " - Z Z - Z - - - 0.5
Tm - - - - - - - - - -
Yb - - - 0.1 - - - - - 0.2
Lu - - - - - - - - - -
Y/(Y+La)x100 (6.5) - (2.5 (3.6) = (6.5) (5.2) (6.6) (8.0) (6.2)
Method 0S XF CH XF - EP EP EP 0S -
r = La+Ce+Pr 80.9 80.9 80.6 80.6 81.0 81.0 8.0 81.1 8l.1 8l.2
La-Nd 100.0 100.0 94.4 95.1 96.7 97.6 97.6 97.4 99.8 93.2
Sm-Ho - - 5.6 4.4 3.3 2.4 2.4 2.6 - 6.1
Er-Lu - - - 0.1 - - - - - 0.7
RE503, wt.% - - 62.75 - - - - - - -
La/Nd 1.45 1.47 1.78 1.63 1.55 1.55 1.56 1.60 1.60 2.48
ThO,, wt.% 6.9 - - - - 1.88 2.46 2.42 6.1 2.1
U308,wt.% - - - - - - - - - -
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Table 1-46. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(a) Eu + Gd calcd. as Gd; (c) Tb _ Dy + Y calcd. as Y

447 448 449 450 451 452 453 454 455 456
La 24.6 27.0 26.0 26.0 26.7 27.5 28.7 26.4 26.3 22.3
Ce 51.8 48.8 50.4 50.6 49.7 53.7 49.0 54.9 49.1 53.4
Pr 4.8 5.4 4.8 4.6 4.8 - 3.6 - 6.0 5.7
Nd 16.0 16.1 16.2 16.3 17.3 18.8 14.0 18.7 16.4 16.6
Sm 2.5 1.6 1.9 2.4 1.5 - 0.9 - 1.5 1.6
Eu - 0.3 - - - - 0.2 - a 0.1
Gd - 0.6 0.7 - - - 2.2 - 0.7% 0.2
Tb - 0.1 - - - - 0.2 - c -
Dy 0.3 0.1 - 0.1 - - 1.2 - c 0.1
Ho - - - - - - - - - -
Er - - - - - - - - - -
m - - - - - - - - - -
Yb - - - - - - - - - -
Lu - - - - - - - - - -
Y/(Y+La)x100 (2.8) (0.3) (1.6) (1.8) - (7.5) (0.7) (5.7) (l.0)~ -
Method EP AAS 0S EP EP 0S XF 0S CH XF
L = La+Ce+Pr 81.2 81.2 81.2 81.2 8l.2 81.2 81.3 81.3 8l.4 8l.4
La-Nd 97.2 97.3 97.4 97.5 98.5 100.0 95.3 100.0 97.8 98.0
Sm-Ho 2.8 2.7 2.6 2.5 1.5 - 4.7 - 2.2 2.0
Er-Lu - - - - - - - - - -
RE,03, wt.% 59.55 69.88 - 61.40 68.56 - 49.8 - 60.5 54.0
La/Nd 1.54 1.68 1.60 1.60 1.5%4 1.46 2.05 1.41 1.60 1.34
ThO,, wt.% 8.45 - 13.0 8.04 1.26 7.0 - 7.9 1.47 2.39
U308, wt.% 0.24 - - 0.64 - - - - - 0.03




Table 1-47. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
(a) Eu + Gd calcd. as Gd
457 458 459 460 46 462 463 464 465 466

La 22.8 23.4 30.2 31.5 22.6 22.2 31.3 25.0 21.4 23.7
Ce 52.7 52.3 51.3 50.0 47.9 48.3 47.1 52.4 54,7 53.2
Pr 6.0 5.8 - - 11.1  11.1 3.2 4.2 5.5 4.8
Nd 16.2 16.5 18.5 18.5 13.0 13.1 14.6 15.8 16.0 13.6
Sm 1.5 1.0 - - 2.2 2.3 0.9 2.4 1.4 2.0
Eu - 0.2 - - - - 0.2 - a =
Gd 0.5 0.5 - - 2.9 3.0 1.6 - 1.0 0.9
Tb - - - - - - 0.2 - - 0.2
Dy 0.3 0.3 - - - - 0.9 0.2 - 0.6
Ho - - - - - - - - - -
Er - - - - 0.3 - - - - 0.2
Tm - Z - - - - - - - 0.3
Yb - - - - - - - - - 0.3
Lu - - - - - - - - - 0.2
Y/(Y+La)x100 - (0.6) (3.1) (5.2) - (2.5) (0.9) (2.2) (1.1l) (0.4)
Method XF - 0S 0S 0S 0S XF EP CH XF

r = La+Ce+Pr 81.5 81.5 8l.5 8l.5 8l.6 8l.6 8l.6 8l.6 8l.6 B8l.7

La-Nd 97.7 98.0 100.0 100.C 94.6 94.7 96.2 97.4 97.6 95.3
Sm-Ho 2.3 2.0 - - 5.1 5.3 3.8 2.6 2.4 3.7
Er-Lu - - - - 0.3 - - - - 1.0
RE,05 61.0 68.93 - - 59.8 - 50.4 60.68 - 46.2
La/Nd 1.41 1.42 1.63 1.70 1.74 1.69 2.14 1.58 1.34 1.74
ThO,, wt.% 3.8 - 9.4 5.9 - - - 8.13 - -
U30g, wt.% - - - - - - - 2.28 = -
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Table 1-48. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'’d)
(a) Eu + Gd calcd. as Gd; (b) Tb + Y calcd. as Y
467 468 469 470 471 472 473 474 475 476

[a 27.6  22.9 26.8 29.6 29.8 27.2 6.7 23.2 22.7 27.6
Ce 50.8  53.0 50.2 46.3 46.3 50.5 51.0 53.9 53.7 50.3
Pr - 3.5 6.2 5.1 6.3 6.1 4.6 4.6 5.3 6.0 4.5
Nd 13.9 14.5 16.0 13.2 13.7 15.4 15.5 15.0 15.2 15.8
Sm 1.9 2.1 1.0 2.0 2.0 2.2 2.1 1.4 1.4 1.3
Eu m a 0.2 0.5 0.2 = n m . n
Gd 7.3 0.8 - 2.1 1.9 - T 1.z 0.4 -
Tb . b n n m - . m . -
Dy 0.2 0.2 - - 0.1 0.1 - 0.3 -
Ho - - - - - - - - - -
Er 0.2 0.3 - - - - 0.1 -
Tm - - - - - - - - - - -
Yb 0.1 0.2 - " . . 0.2 -
Lu - - -~ - - - - - - -
Y/(V+La)x100 (1.7) (4.0)° (2.9) (1.9) (1.9) (2.2) (2.0) (L.1) - (0.8
Method 0S5  CH _ Xf " T EP EP _CH __Xf_ ¢tP

r = La+Ce+Pr 81.9 82.1 82.1 82.2 82.2 82.3 82.3 82.4 82.4 82.4

La-Nd 95.8 96.6 98.1 95.4 95,9 97.7 97.8 97.4 97.6 98.2
Sm-Ho 4.2 3.1 1.4 4.6 4.1 2.3 2.2 2.6 2.1 1.8
Er-Lu - 0.3 0.5 - - - - - 0.3 -
RE,03 63.2 63.0 - - - 61.44 60.83 56.06 52.7 62.61
La/Nd 1.99 1.58 1.68 2.24 2.18 1.77 1.72 1.55 1.49 1.75
ThOy, wt.% 4.6 5.46 - 2.6 1.8 8.45 8.33 - - 6.42
U30g, wt.% trace - - - - 0.50 0.58 - - 0.77




Table 1-49. Monazite-(Ce) from igneous and metamorphic rocks, atomic percent (cont'd)
477 478 479 480 481 482 483 484 485 486
La 22.0 21.7 30.7 28.7 27.1 27.9 22.9 28.0 27.0 34.7
Ce 57.0 54,7 45,2 50.0 51.4 50.1 49.8 49.8 51.4 38.6
Pr 3.5 6.1 6.8 4.0 4.2 4,7 10.1 5.1 4.6 9.7
Nd 10.4 15.1 11.9 13.8 14.9 16.4 12.5 15.6 15.3 17.0
Sm 1.8 1.2 1.0 1.4 2.2 0.9 2.2 1.5 1.2 -
Eu - 0.4 0.2 - - - - - - -
Gd 4.9 0.6 0.2 1.4 - - 2.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>