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A CONTRIBUTION TO GENERAL GEOLOGY

HAFNIUM CONTENT AND HAFNIUM-ZIRCONIUM RATIO
IN MINERALS AND ROCKS

By MicuAEL FLEISCHER

ABSTRACT

All published data on the hafnium content and hafnium/zirconium ratio in
minerals and rocks have been compiled. The Hf/Zr ratio is probably about
0.02 in the earth’s crust. Minerals from alkalic rocks such as nepheline syenites
have lower Hf/Zr ratios than does zircon from granitic rocks. Minerals from
granitic pegmatites have the highest Hf/Zr ratios, especially some peculiar varieties
of zircon such as alvite, cyrtolite, and naegite, and the rare scandium silicate,
thortveitite, which is the only mineral that is reported to contain more hafnium

than zirconium.
INTRODUCTION

This report is a compilation of all published determinations of the
hafnium content and the hafnium/zirconium ratio of minerals and
rocks. The published literature has been scanned with the aid of
the notched-card file on geochemistry of the U. S. Geological Survey.
In addition, the following bibliographies on zirconium were checked:
Voress; H. E. and Croxton, F. E., 1951, Zirconium, a hibliography of unclassified

literature: U. 8. Atomic Energy Commission, TID-3010, 138 p., and supp.
no. 1, 17 p. -

Williams, G. C., Baker, E. G., Jr., Holzknecht, E. W., and Moody, R. G., 1950,
Zirconium and hafnium—a bibliography: U. S. Atomic Energy Commission,
NYO-1008, 236 p.

Few of the data are recent. The methods of determination and the
estimated error of each study are given in the annotated bibliography.
It is probable that determinations of hafnium by purely chemical
methods or by determination of the density of the mixed oxides of
zirconium and hafnium are of low accuracy.

Most of the determinations cited are by Hevesy and coworkers.
Probably some samples are given more than once in the tables, as
redeterminations were made on many of their samples. The sample
descriptions are inadequate, so that it is not known whether two sets of
figures for material from a given locality refer to the same sample or
to different samples.

Most of the samples that have been analyzed have not been well
characterized as to the type of geological occurrence, so that only a few

82023354 . 1



2 CONTRIBUTIONS TO GENERAL GEOLOGY

broad generalizations can be made as to the variation of the hafnium/
zirconium ratio in rocks and minerals from different types of deposits.
New analyses of carefully selected samples of known geologic setting
are highly desirable.

HAFNIUM AND ZIRCONIUM CONTENT AND THE RATIO
HFf/Zr IN THE EARTH’S CRUST AND IN ROCKS

Estimates of the abundances of zirconium and hafnium are as-
sembled in table 1. It will be noted that most of the recent estimates.
are the same. The estimates for zirconium are based on the analysis
of many samples by Hevesy and Wiirstlin (1928), but the estimates for
hafnium are not so well established.. Very few rocks have been an-
alyzed directly for hafnium, as shown in table 2. The estimates for
hafnium are based largely on analyses of zirconium minerals, especially

of zircon, as given in tables 4-8, and it is uncertain whether the differ-
ent rock types have been sampled well enough to give confidence in
the values given for the ratio Hf/Zr.

HAFNIUM AND ZIRCONIUM CONTENT AND THE RATIO
HF/Zr OF MINERALS

The available data are given in table 4 for zircon, table 5 for alvite,
cyrtolite, and other similar varieties of zircon, table 6 for baddeleyite
and other zirconium oxide minerals, table 7 for zirconium silicates,
and table 8 for miscellaneous minerals. A list of the mineral names
used in these tables is given in table 3, with the chemical formulas.
In each table, the determinations are grouped by minerals and, for
each mineral, geographically in the order North America, South
America, Greenland, Europe, U. S. S. R., Asia, Australia, and Africa.

As the type of deposit is not stated for many of the samples, par-

ticularly for zircon in table 4, averaging by type of deposit is not here
attempted. It should be noted that all or nearly all the samples of
alvite, cyrtolite, and ot]n_er similar vareties of zircpn, listed in table 5,
and of thortveitite and other minerals listed in table 8 are from

granitic pegmatites, whereas baddeleyite in table 6, and the zirconium
silicates, table 7, are all from nepheline syenite pegmatites or similar

alkalic rocks. The minerals from granitic pegmatites show very high
Hf/Zr ratios; those from alkalic rocks distinctly low Hf/Zr ratios.

Hevesy (1925a) and Hevesy and Jantzon (1925) have given averages

of their own determinations: these are tabulated in table 9.
Some of the samples that have high ratios of Hf/Zr have high con-

tents of rare ?a,rths, ura.nium,.a.nd 'th.orium. The‘re is not, hoxyever, Q.
close correlation between radioactivity and hafnium content in most

zircons.

‘
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HAFNIUM CONTENT AND HF/ZR RATIO IN MINERALS AND ROCKS 3

In view of the very high Hf/Zr ratios of the pegmatite minerals of
tables 5 and 8, it is somewhat surprising that higher ratios are not
reported for some of the zircons listed in table 4. New determinations
of the hafnium content of zircon separated from analyzed pegmatite
rocks, granites, granodiorites, and diorites might help to fill this gap
in our knowledge. The Geological Survey, in the course of its work
on the determination of geological age by analysis of zircon, has
separated such zircon. This should be an excellent collection on
which to determine Hf/Zr ratios.

TaBLE 1.—Estimated abundances of hafnium and zirconium in the earth’s crust
and the ratio Hf|Zr

Percent by weight )
No. g}‘/%‘; References
Zr0s H{O
1 0.030 0. 00058 0.020 1
2 .030 . 00058 . 020 1
3 .028 . 00058 .021 1
4 . 031 . 0029 109 1
] .030 00058 020 v
6 .034 00047 016 1
7 .031 0029 109 1
8 .031 . 0029 . 109 !
9 .035 . 0035 .115 1
100 | comeen | eeeee .034 Hevesy (1925a).
b3 U U N, 3.020 | Hevesy and Wiirst-
lin (1828).

1 Quoted in Fleischer (1953) from the following: 1. Mason, 1952; 2. Rankama and Sahama,’1950; 3. Polan-
ski, 1048; 4. Anderson, 1945; 5. Goldschmidt, 1937; 6. Fersman, 1933; 7. Schneiderhthn, 1934; 8. Berg, 1029;
9. Olarke andﬁvz’gshington, 1924,

]

1 Ratio, —————,
ZrO:+H10s



4 ’ " CONTRIBUTIONS TO GENERAL GEOLOGY

TaBLE 2.—Hafnium and zircontum content and Hf|/Zr ratio of rocks

Percent by weight .
No. Material g?/%‘; References
Zr0s HfOs
1 | Average ultramaficrock.. . ..._...... 0. 008 He(zv;‘ss}; and Wiirstlin
1928).
2 { Average gabbros .019 Do.
3 | Average diorites. .038 Do.
4 | Average granites. . 062 Do.
5 | Rapakivi granites L12 Sahama (1945).
6 | Igneous rocks?.. . 026 Hevesy (1931).
7 | Estimated average, . 039 Troger (1935).
8 | Zinc sulfide ore, Saxberg, Sweden 3. .019 Landergren (1935).

1 gg)ectrographic determination on a mixture of 34 granites.
2 X-ray spectroscopic determination on a mixture of 300 igneous rocks that contained 56.3 percent SiOs.
3 Spectrographic determination on ore that contained 30 pereent SiOz.

TaBLe 3.—Composition of minerals listed in tables 4—8

Mineral

Composition

Baddeleyite. -
Caldasite. ...

Fergusonite . ..o ool
Hagatalite. ..

Oyamalite. ..
Pitchblende.
Polymignite.
Pyrochlore. .
Rosenbuschite.
Thalenite......
Thortveitite.

Zirkite_

%1%104 containing rare earths, BeO, U, and Th.
TO2.

Zirconium oxide ore, chiefly baddeleyite.

(Nag,Ca) ZrSis00.2H20.

See alvite,

Naa(Zr, Ti) Sig045.3H0.

(Ca,Na)sZr:8is(0,0H,Cl)20.

(Y,Ce,U) (Nb,Ta,Ti)2(0,0H)s.

Pebbles in gravel. Commonly baddeleyite, may also be

-zircon.,
(Y,Er) (Nb,Ta)Oq.
See alvite.
See alvite.
See alvite,
See alvite.
UO0: with UO3, ThOs.
(Ca,Fe,Y,Zr) (Nb,Ta,Ti)Ou.
(Ca,Na) (Nb,Ti):06(OH,F).
(Ca,Na)s (Zr,Ti)Si0sF.
Y28i207,
(Sc, Y)28i,07.
NaCay(Zr,Nb)8i;05(0,0H,F).
See alvite.
ZrSiOu.
(Ca,Fe) (Zr,T1)205(?).
Commercial name for zirconium oxide ore.

1 Alvite, cyrtolite, hagatalite, malacon, naegite, oyamalite, and yamagutilite are names given to varieties
of zircon.  Some of the names are not well defined, but in general they apply to varieties of zircon that
contain appreciable water and may contain rare earths, uranium, thorium, berylium, and P;Os. Some

of this material may not be zircon.
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HAFNIUM CONTENT AND HF/ZR RATIO IN MINERALS AND ROCKS 5

TarLe 4.—The hafnium and zirconium content and the Hf/Zr-ratio in zircon

[Methods of analysis are desi§nated as follows: C, Chemical separation as phosphate; D, Hf content com-

puted from density of

mixed oxides (Zr,Hf)Oq; S, Spectrographic; XS, X-ray spectroscopic}

Percent by
weight Ratio Method
No. and locality Hi‘/?r of References
“ |analysis
ZrO: | HfO:

1. Connecticat. . -occoaeocaaoao N 1.0 - XS | Hevesy and Jantzen (1925). .
2. North tCaro]'ma, Henderson 4.0 XS | Hevesy (1925b); Hevesy and Jantzen

ounty. .
3. | 57 YOI O ) I 2 PO XS | Hevesy and Jantzen (1923).
4. 5 7 JR RSN PRI BN 0.016 S Cocley and others (1953).
5. Do. L0 |oeeeoo.. D Prandtl, Mayer, and Bittner (1937)
6. Florida. ... :..o I .027 S Cooley and others (1953).
7. Pcnusylvania, Berks County.|-...co..|-cceao- . 026 ) Do. .
8. Oklahoma!. __________________ ESG. 5) 1.1 2(.018) S Larscn, Waring, and Berman (1953).
9. Dol .. 2(59. 5) .8 25. 016) S Do.
10. Do - .6 | 3( S Do.
11, Oregon, Coos Bay._ .023 S Cooley and others (1953).
12. Ontario.__....... X8 Hevesy and Witrstlin (1928).
13. Ontario, Renfrew X8 | Hevesy and Jantzen (1925).
14. Ontario, Eganville X8 Hc(ave255§; (1925b); Hevesy and Jantzen

19

15, Brazfl . . 008 S Cooley and others (1953). -
16. Do.._. 015 S Do.
17. Do... .010 S Do.
18. Do... . .023 | XS | Hevesy and Jantzen (1923).
19, ) 0 7 J PRSI RO 1 I S, XS | Hevesy and Jantzen (1925).
20. Brazil, Minas Gerais.__._____f......_. 1.0 X8 Do. :
21. Brazil, Minas Gerais, Pogos |..._._.. 1.8 X8 Do.

daldas

38, Ita]y, Novai
39. Italy, Vesuviu
40, Itnl;]r:,) Vicenza

) Portusok
Avigait____.
52. Sch]]%chtsee N

53,

54. U.8. 8. R._

55. D

56. Do.

57, Do.

58. Do.

59, Do.

60. Do.

61, Do.

62. Do.

63. Do.

64. Do.

65. Do.

66. Do.

67. -Do.

68 Do.

69, Do..

70, DOl
71 DO

See footnotes at end of table.
820233—54——2
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Prandtl, Mayer and Biittner (1937).
Loewenstein (1952)

Do.

Do.

Do.

Do.
Hevesy (1925b).
Hevesy and Jantzen (1923).
Hevesy (1925b); Hevesy and Jantzen

(19
Hevesy (1925b) Hevesy and Jtmtmn
(19

Hevesy ‘and Jantzen (1923).
Hevesy and Jantzen (1925).

Do.
Hevesy (1926b).
Hev]e)sy and Jantzen (1925).

Do.

Do.
Hevesy (1925b).
Hev]e)sy and Jantzen (1923).

Hevesy (1925b).

Hevesy and J antzen (1923)

Hevesy (19

Hevesy and J antzen 1023).

Prandtl, Mayer, and Buttner (1937).
Hevesy and Jantzen (1923),

Hev]e)sy and Wirstlin (1928).

Do.
Do.

Do.
Borovsky and Blochin (1937b).
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TaBLE 4.—The hafnium and .zirconium content and the Hf/Zr ratio -
in zircon—Continued

Percent by
No. and localit; weight Ratio Me(t;)}_]od Referen
. y Hi/zr anysis eferences
ZrO; | HfO2
72. U.8.S. R8____ 46 1.0 Borovsky and Blochin (1937a).
73. D .7 Do.
74. .7 Do.
75. 1.0 Do.
76. .5 Do.
i 3 B
3 . 0.
79. U.S. 8. R,, .5 Kostyleva (1946).
B U5 & R Mariugal i Do
. U.8.8. ariupol. ... |.._.._. . 0. .
82, U. S. S. R., Poachvumchorr.| 66 1.6 . Borovsky and Blochin (1937a).
83. Uélsl Sit Sludyanka (with [.._____. B T PO | P Kostyleva (1940).
an.
84. URS S. R upper Tulia | 66 1.0 .018 [ XS Borovsky and Blochin (1937a).
85. UMS S R Ural Mts., Ilmen |{.____.__. 1.0 |-.....-] D Prandtl, Mayer, and Bittner (1937)

X8 Hevesy and Jantzen (1923).
XS H?Véezsy (1925b); Hevesy and Jantzen

88. U. 8.S. R., Rojkow Kluitsch. XS Hevesy (1925b).
89, U.8.8. R, , Vishnevye Gory. . XS Borovsky and Blochin (1937b).
90, Indig. . oo .. . S Cooley and others (1953).

. X8 | Hevesy and Jantzen (1923).
XS Hevesy (1925b).

86 U SDS R., Ural Mts., Miask.

93, Ceylon. . 20 | X8 | Hevesy and Jantzen (1923).
94, DO A S PSR X8 Ht(zv:sy; (1925b); Hevesy and Jantzen

1925,
95, Do 1.0 |aeaoo. D Prandtl, Mayer, and Biittner (1937).
96. Ceylon ¢ 2.1 | XS | Hevesy and Jantzen (1925).
97. Ceylon, Walawe Ganga____._|._.__.__ 2.0 oo D Prandtl, Mayer, and Biittner (1937)
98, Slam-...._______...._...... 60-67 3.5 | . gg;)- XS | Hevesy and Jantzen (1924)
99, DO eoieeeoaeoo. 4 || X8 | Hevesy (1925b).
100. Korea, Chinpyong-ni. . 0 .79 014 XS Kimura and Tanaka (1936).
101. Korea, Pokchin-san.____ X 1.9 .034 XS Do.

025 ... Do.
.019 S Cooley ‘and others (1953,

e D Prandtl, Mayer, and Bt{ttner (1937).
.015 S Cooley and others (1953).

........ X8 Hevesy (1925b)

........ XS Hevesy and J antzen (1923).

3 Austra.lia, Q,ueensland
106. Tasmania___________________
107. Madagasear_____.____________

108. Do, ]9 XS | Hevesy and Jantzen (1925).
109. Do ... ... B (O R . D Prandtl, Mayer, and Biittner (1937).
110. Madagascar, Diego Suarez..|[-._..__.. 8 |- XS He;resy (1925b) Hevesy and Jantzen
111. Madagascar, Mesatanana..__|..______ 2.0 [ooooo D Prandtl, Mayer, and Battner (1937).
112, Nigeria.__._______________._ 2.3 jecceeaoo - D 0.
113, Unknown 6 PR XS Hevesy and Jantzen (1923).

! Fresh.

2 Analysis for ZrOz made on materials from the same locality stmilar to but not identical with the sample
analyzed for Hf,
3 Metamict.

H{O, '
4 2,
Ratio, ZrOs3+HfO,q

5 Placer. P . . -
8 Acid rocks. . . -

7 Basic rocks. . -
8 Zircon ores. . BN e
® Becearite. . [

NoOTE.—In addition to above references see Morgan and Auer (1941) T
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HAFNIUM CONTENT AND HF/ZR RATIO IN MINERALS AND ROCKS 7

" TARLE 5.—The Hafnium and zirconium content and the Hf|Zr.
ralio in varieties of zircon

[Vaneties of zircon: (A), alvite; (C), cyrtolite; (H), hagatalite; (M), malacon; (N), naegite; (O), oyamalite;
and (Y), yamagutilite. ‘Methods of analysis: D, By density of oxides; I\S X-ray specnoscopic]

Percent by
Varie- weight Ratio Method
No. and locality ties of HijzZr of anal- References
zircon ysis
ZrQ; | HiOg
1. United States..__._...._.___ §C§ 40 9 0 26 | X8 | Hevesy and Jantzen §1923).
2. Umlt\?[d States, Rockport, () T P >10 .22 | X8 | Hevesy and Wiirstlin (1928).
ass.

3. | 071 S (C) 44 17 Hevesy (1925b).

4, Umte{dr States, Bedford, | (C) |.oeeeo.. ca. § Hevesy and Wmstlm (1928).
" 5. Ontario, Parry Sound....... ©C) |....- N 2. 36) Hevesy (1931).

6. Norway, Kragerd. . - gA) 34 16 Hevesy and Jantzen (1923).

7. } 07 Y, N 09 T 3 Do.

8. Do....._. R gA) ........ 8 Do.

9. Do....... @y | 15 . Do.

10. Dooceeeee . (A) 41.98 4.6 .Hevesy (1925b).

11. [0 P . (A) 41.92 4. 66, Bedr-Chan (1925).

12. (9 F SO, (A) feeeoeeee 59 B(()lr&\;ls&{y and Blochin

13. Norway, Gjorsted ........... (A) |ooo.o.. 9 Hevesy and Jantzen §1923;.

14, Norway, Hitters. - M) 62.8 5 Hevesy and Jantzen (1924,

15. Dooceoo... . (M) 65. 18, 2.6 Hevesy (1925b).

16. Norway, Risér._.. I N T IO 10 .Hevesy and Tantzen (1023).

17. Norway, southern - gA) 47.9| 355 Prandtl and others (1937).

18. DO i A) 48.4 26.0 Do.

19. U. S. 8. R., llmen Gory.... .8 Kostyleva (1940).

20. U. 8. 8. R., Blumovskaya. . 1.8 Do.

21, U.S.8. R.,, Karelia....._.__ 2.3 Hevesy (1931).

22. 3 7 S - 18 .Kostyleva (1940).

23. U. 8. 8. R., Rozhkov Klucz. 2.6 Do.

24, U. S. 8. R Zap. oleniya 1.70 Kostyleva (1946).

varakh.

25. Japan, Hagata._._._........__ 2.3 L066]--<. ... Harada (1936).

26. Japan, Mino.. 7 .17 | X8 | Hevesy and Janwen (1923).

27. Japan, Naegi_ 3.5 .08 | XS | Hevesy 519 5b).

28. Japan, Oyama. . 2.2 L065]- e Harada (1936).

29. Japan, Yamaguti. .3.4 L0907} Do.

30. Madagascar.. S PO, XS Hevesy and Jantzen (1924).

31, ) D T 4 .086] X8 | Hevesy (1925b).

32. Madagascar, Ahi-Kambana__ 2.0 |acoaceas D Prandtl and others (1937).

HfO,
! Ratio, 7o THTO;

3 Tt Is stated in this reference that the oxides recovered from a large amount of these samples contmned
2.2 percent HIO.

NoTe.—In addition to the above references see Morgan and Auer (1941).
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TarLE 6.—The hafnium and zirconium content and the Hf/Zr ratio in zirconium

CONTRIBUTIONS TO.. GENERAL GEOLOGY :-

ozide minerals and ores

[Methods of analysis: C, Chemical fractionation of phosphates; D, By density of mixed oxides;
S Spectrographic; XS, X-ray spectroscoplc]

Percent by
- . weight Ratio Method
No. | Name of mineral and locality HY/Zr of References
S analysis
ZrO; | HfO,
1 -1.8 | 0.021 X8 Hevesy and Jantzen (1923).
2 L2| .04 XS Hevesy (1925b).
3 .7 .009 XS
4 2 L0251 XS Hevesy and Jantzen (1923).
5 .6 .010 XS Hevesy (1925b).
6 .5 . 008 XS Do.
7 Baddeleylte, Brazil, fava, shell.} 59 1 . 019 X8 Hevesy and Jantzen (1923).
8 | Baddeleyite, Brazil, fava, core._| 74 1 015 ] XS Do.
9 Bacd(%eley]te, Brazi] Pogos de |-cooeo|oaaaaoon .013 8 Cooley and others (1953).
aldas. .
D Prandtl and others (1937).
C Loewenstein (1952).
(o} Do.
C
- [¢] Do.
Ca.lda.sxte Braul Pocos de C Do.
Caldas B
C Do.
do. X C Do.
18 | Zirkite ore, Brazil._______ . 7| TTTTTTT|TTIIITIC .012 S Coo]ey and others (1953).
19 | Baddeleyite, Colorado (sic) 2. .| ...} ccceo. . 068 8 . Do.
20 | ZrOgreagent .o e e . 010 S Do.
21 | Polymignite, Norway, Fred- | 28.71 .9 . 036 XS Hevesy and Jantzen (1923;
eriksvirn. 1924).
b2 R« s Y .6 024 XS ,Hevesy (1925Dh).
23 | Zirkelite, Brazil L2 .026 | XS | Hevesy and Jantzen (1924).
24 | Zirkelite, Ceylon. 1 .022 | XS | Hevesy (1925b).

HiOs

1 ——— .
Ratlo, 7o, THIO;
2 Baddeleyite is not known from Colorado, U. S. A,

«
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HAFNIUM CONTENT AND HF/ZR RATIO IN MINERALS AND ROCKS 9

TABLE 7.—The hafnium and zircontum content and the Hf/Zr ratio in zirconium
silicates, analyzed by X-ray speciroscopic methods

Percont by weight

Ratio

No Name of mineral and locality HijZr References
Zr0, HfO;
1 Oat%)lelte, Greenland 30.65 0.2 0.007 | Hevesy and Jantzen (1923).
2|  Do.oo ... 31,53 .3 .011 | Hevesy (1925b).
3 | Catapleite, Norway 31. 52 .3 011 Do.
4 | Catapleite, U. 8. S. R., upper 30.5 .6 .023 | Borovsky and Blochin (1937a).
Tulia R ver.
g Oamﬁaleite, .8. 8. Roo....... Bor«gsky and Blochin (1937b)
- 0.
7 Ca}‘taplelte, U. 8. 8. R., Pereval Kostyleva (1040).
opar.!
8 | Eudialyte, Greenland . __...._____ L Hevesy and Jantzen (1923),
9 | Eudialyte, Greenland, Narsarsuk.| 12-16 glg— Hevesy and Jantzen (1924).
.01
10 ) 0 7 J 12-16 .6 . 842- Do.
. 057
11 ) 5 7 Y 12-20 .2 .019 | Hevesy (1825b).
12 | Eudialyte, Greenland, Kanger- | 14.32 17 .014 Do.
dluarsuk.
13 | Eudialyte, Norway.___.._....____. 14.47 .7 .055 | Hevesy and Jantzen (1923).
14 | Eudialyte, Norway, Barkevik..__| 12.21 .2 .019 | Hevesy (1925b).
15 | Eudialyte, U. S. 8. R., Kola 13 .2 .017 | Borovsky and Blochin (1937a).
Peninsula,
16 .3 .018 Do.
17 .3 . 026 Do.
18 - 3,021 | Hevesy and Wiirstlin (1928).
19 Do 1 -..| Hevesy (1925b).
20 | Eudialyte, altered, U. .4 Kostyleva (1940).
Poachvamehorr.i .
21 | Eudialyte, U. S.S. R .12 .010 |Borovsky and Blochin (1937b).
22 Do .12 . 069 Do.
23 .12 . 051 Do.
24 P2 PO Do.
25 1. Do.
.26 .06 | Do.
27 .35 |- Do.
28 12 | Do.
29 .06 |- Do.
30 .06 |- Do.
31 | D7 SN SO, 51 PR Do.
32 | Elpidite, Greenland, Narsarsuk... 20.1 .4 .023 | Hevesy and Jantzen (1924).
33 Plpldlte, GIeenland Narsarsuk... 20.28 .2 .011 | Hevesy (1925b).
34 | Rosenbuschite, Norway, Langes- 19. 80 3 017 Do.
und.
36 Wéhlerite Norway, Langesund. .. 17.56 T . 046 | Hevesy and Jantzen (1923).
36| DO o] mem e eea e 2,031 | Hevesy and Wiirstlin (1928).
37 Woh]erlte Norway, Barkevik__.__ 15.61 .5 . 037 | Hevesy (1925b).

1Method of analysis not given.

HfO;

‘Ratio, — 5 THIO:
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TaBLE 8.—The hafnium and zirconium content and the Hf/Zr ratio in other
miscellaneous minerals, all analyzed by X-ray spectroscopic methods

Percent by weight
No. | Name of mineral and locality - HR?/tZig References
Zr0s HfO3

1 | Thortveitite, Norway, Iveland_.. 1.2 2.0 1.9 Hevesy and Jantzen (1924).

2 Do .......... 1,20 | Hevesy and Wiirstlin (1928).
3 2 .5 .29 | Hevesy (1925b).

4 ’I‘hortvel tite, Norway, Unneland. .8 C 11 1.6 Hevesy and Jantzen (1924)..
5 Thortveltlte, Madagascar, Befan- | 2.2 1.8 .94 Do,

amo.

6 Do ........................... 2.0 3.2 1.8 Do.

7] DOeaoeigreeeee 1.3 1.0 .88 | Hevesy (1925b).

8 I‘halemte Sweden, Ssterby. .13 .26 | Hevesy and Wiirstlin (1928)..
9 Pyrochlore, Sweden, Alnd. .1 . Hevesy and Ji antzen (1924).
10 DO Hevesy (1925
11 Pitchb]ende _____________ Hevesy and Wurstlm (1928).
12 | Fergusonito and euxenite Do.

H{O3

1 Ratio, ——.
ZrO:+-H{Os

TaBLE 9.—Averages of Hf/Zr ratios of minerals according to source
[Data from Hevesy (1925a) and Hevesy and Jantzen (1925)]

Mineral

Ratio

Table no.! HijZr

Nepheline syenite minerals

Baddeleyite
Baddeleyite, favas.
Oatapleite ...

Eudialyte..__
Polymignite.._.
Rosenbuschite. .

BN NN

00 orinon O

1 The table numbers refer to this report.

- S
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Spectrographic analyses are given, in terms of the relative intensities, of a pair
of Hf-Zr lines. The results are as follows:

. Ratio in-
No. Mineral . Locality tensity
Hf/Zr
1| Zircon!.. .| Minnesota... - 0. 52
P2 I do! ...| Andover, N. .- .41
b 3 dot. -.| Mellen, Wis. - .53
4 |..- 6 L S, Wausau, Wis. . ieciicmaaaas O]
I3 - dot .| Oxford, Manitoba. . .. .45
6 |---- do ! eo--do__. - - .30
[ R do 1. R s YO .25
8. doi. P 1o U, .63
9 | Malacon... -ee-----| Cheyenne Canyon, Colo. .. .- .26
10 | Cyrtolite. - occovooooo . Bedford, N, Y. .o iiiccaieaen .51
11 | Malacon - - coocemccecceeeoe Hybla, Ontario. - - oo oo e eaccacas .42
12 | Alvite..oooooooooaooll Helle, Norway . i .70
1 In granite.
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ties of zirconium from Pogos da Caldas, Minas Gerais): Univ. S&o Paulo, Fac.
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0.12 percent ZrO,, 0.0028 percent HfO,.
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p. 286-310.
Eruptive rocks are estimated to contain on the average 0.039 percent ZrOs,,
0.001 percent HfO,.



