Calcic Labradorite; Lake County,

Oregon.
Weight %
Si02 51.42
110, 0.04
A_'1_203 30.76
x‘eﬁo3 0.24
FeO 0.17 An 67,2
MgO 0.05 4b 31.5
Cal 13.42 Or 1.3
Na20 352
K2O 0423
= H2O 0.04

Sample from D.5. Stewart,
Ref.: Stewart et al., 1966, Am, lin,
V.51

T Pbogroclese Wm\d Rllet B
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An60Ab40 glass

Na
Ca
Al
Si
Fe
Oxygen

Tota

Ca.6Na.4All.65i2.408 plus FeO .001
% ANAB
Oxide % calc.
Element Oxide from formula
.0337 .046 .0454
.0883 125 1235
.1585 .300 .2994
.2480 .524 .5305
.00064 .0010 .00082
L4709 - -
1 1.0000 .996 1.0000
Z = 11-453

ALBITE, TIBURON, CA An ,0r ¢

% TAB
Element Oxide
Na .087 117
K .0008 .00096
Ca .0003 .00042
Si .3213 .6873
Al .1029 L1944
Oxygen L4877 -
Total 1.0000 1.0000

.Z‘L

\eFik




ORTHOCLASE (Ingamells)

% ORTH
Element Oxide
Si .3010 .6439
Al .0983 .1858
Fe .0002 .0003
Sr .00029 .00035
Ba .0073 .0082
Na .0085 .0114
K .1239 .1492
Rb .0003 .0003
Oxygen .4602 -
Total 1.0000 1.0000
2= \2.c5%

ANORTHITE, An100 glass CaA125i208
% AN

large grain 2-8-63; 2 small grains 2-4-63

Element Oxide
Ca L1441 .2016
Al .1940 .3665
8i .2019 L4319
Oxygen .4599 =
Total 1.0000 1.0000

Z = WAqio
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X-RAY-EMISSION MICROANALYSIS OF ROCK-FORMING MINERALS
IV. PLAGIOCLASE FELDSPARS!
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ABSTRACT

Forty-two chemically analyzed and eleven synthetic plagioclase feldspars have been analyzed by micro-
probe X-ray-cmission methods for sodium, magnesium, aluminum, silicon, phosphorus, potassium, calcium,
titanium, manganese, iron, strontium, cesium, and barium. The highest concentrations (weight per cent)
of the minor elements are: phosphorus, 0.11; potassium, 0.55; titanium, 0.04; iron, 0.53; strontium, 0.13.
Magnesium, manganese, cesium, and barium were not detected at the 0.02 wt. per cent level, although
barium was found in intergrown potassium feldspar. With a few exceptions, phosphorus, potassium, ti-
tanium, and iron were found at lower levels than those given by bulk chemical analyses, as might be expected
from the occurrence of inclusions in many specimens. Strontium analyses for one suite of specimens showed
a systematic bias, probably attributable to a calibration error in the optical spectrographic technique. Major
clements were referred to synthetic plagioclase glasses and to devitrified synthetic albite as standards. For
sodic plagioclases (especially glasses) it was necessary to use either low counting rates or wide electron beams
to reduce alkali loss. Micraprobe and chemical analyses for calcium show a good, almost unbiased, correla-
tion, but for sodium they have a poor correlation, microprobe results tending to be higher than chemical.
Microprobe analyses of aluminum and silicon tend to be lower and higher, respectively, than chemical
analyses. Only three of forty analyses yicld oxide totals outside the 99.0-101.0 per cent range, but totals of
feldspar molecules calculated from sodium, potassium, calcium, and strontium have a wider range, 97.5-

102.5 per cent, with thirty-three between 99 and 101
calcium as expected from the increasing Al** sites an

per cent. The average iron content increases with

d the generally higher temperatures of formation of

calcic plagioclases. Strontium and potassium reach their highest concentrations in the range Ans—Ango.

INTRODUCTION

This paper is the fourth in a series on the
X-ray-emission microanalysis of rock-form-
ing minerals. Part I (Smith, 1965) de-
scribes the theoretical approaches and ex-
perimental methods; Parts IT (Smith, 1966)
and ITT (Smith and Ribbe, 1966) describe
microprobe analyses of olivines and alkali
feldspars. In keeping with the rationale of
the program, Part IV compares microprobe
and chemical analyses of yet another min-
eral series, the plagioclase fcldspars, seeking
to establish calibration curves and appro-
priate correction factors for the microprobe
analyses and to detect inaccuracies in either
analytical method.

To accomplish this, forty-two chemically
analyzed plagioclases and eleven synthetic
glasses at 10 mole per cent intervals over
the range AbipAng—AboAnigy were carefully
analyzed using an ARL clectron microprobe.

1 Manuscript received July 27, 1965.

2 Present address: Department of Geology, Uni-
versity of California, Los Angeles.

Contributors of these specimens and refer-
ences are listed in table 1.

TECHNIQUE

A representative sample of grains from
each specimen was mounted with epoxy
cement in a brass disk and polished by
standard methods. The disks containing all
specimens were simultaneously sputtered
with a thin, conductive carbon coat. Five to
ten grains of each specimen were analyzed
for the major elements and at least two for
the minor elements. When significant differ-
ences were found for the minor elements,
more spots were analyzed. The experimental
conditions are similar to those for the alkali
fcldspars, and the correction factors have
already becn described in Part III (see par-
ticularly tables 2 and 3). A few additional
remarks will appear later.

DISCUSSION

Tt is convenient to examine the analyses
of each element in turn, attempting to es-
tablish thereby the relative accuracies and
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limitations of X-ray emission and chemical
methods and seeking suitable calibration
curves ard correction factors. In relating
X-ray counts to the chemical analysis of
each major clement, it has been necessary
first to apply a small correction factor for
minor elements, thus deriving the corre-
sponding counting rate for a feldspar lying
at the nearest point on the ideal binary join

P. H. RIBBE AND J. V. SMITH

NaAlSiz0s—CaAl:Si;0s. The factors were de-
rived from table 3, B, of Part III and were
usually within 1 per cent of unity. After
establishment of calibration curves using
factors from table 3, 4, of Part III, analyses
for the major elements were derived graphi-
cally. For the minor elements, analyses were
numerically determined. Table 2 shows the
resulting elemental analyses; the oxide per-

TABLE 1
SPECIMENS, CONTRIBUTORS, AND REFERENCES FOR ANALYZED PLAGIOCLASES

Sample Contributor

Reference Comments

R. C. Emmons

Emmons (1933)

E2, 3, 4, 5 contain quartz esti-
mated from the chemical anal-
ysis to amount to 3, 5, 19, 35
per cent excess SiO:

Ajl KN specimens. ...... H. S. Yoder Kracek and Neuvonen
(1952)
Haddam . czzevssas S. W. Bailey Jeffries (1936) Peristerites—unmixing on a sub-

Villeneuve
Monteagle Valley

Monteagle Township
..| S, W. Bailey

Meen (1933)

micron scale

[Peristerites—unmixing on a
| submicron scale

BM1940, 27 nv ... P. M. Game Game (1949) [Fensiola I IIEE. B K
rie 2270 2 R
gg:_;: 46&2 A} ........ R. A, Howie Howie (1955)
T.ambert RB5611 2 s
= e YO P. Gay Lambert (1959) Unanalyzed, but compositions
Lambert RBS79/ determined optically are Ang
and Ang
gﬁi;‘}/—;} ............. P. Gay Gay and Muir (1962) | Zoned
ggggl} .............. I D. Muir Muir (1955) Zoned
Iégg} ................. LS. E. Carmichael | Carmichael (1964) Zoned (sce fig. 5)
Juvinas....... SRR P. Gay Game (1957) From Juvinas meteorite
Anorthite (Japan)...... J: R GOldEMIth! |- cnesmsevsmmsmnnmmie s Unanalyzed
Hakone 1] o - -
e P. Gay Kuno (1950)
Miyake 99............ P. Gay Gay (1953) Unanalyzed

Synthetic glasses...... D. Lindsley

Assumed stoichiometric*

# Prepared by repeated fusion at 1,3235-1,535° C. (1,625° for anorthite) from weighed amounts of Lisbon, Md., quartz inverted
at 1,520° C., Baker’s lot 19641 CaCOs, Fisher’s lot 723140 NaHCO;z and Al:05 made from 99,999 per cent aluminum wire. Spectro-
scopic analysis of the Al:Os showed silicon 0.030 per cent, iron 0.015 per cent, sodium and potassium 0.000 per cent.
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centages calculated using expected valences;  shows the relation between the corrected,
the Percentages of feldspar molecules calcu- accumulated counts for the second set and
lated from sodium, calcium, Potassium, and  the average calcium congent derived from
strontium; and the atomic proportions, Ta-  the calibration curve of figure 1, Ahout one-
ble 3 lists the atomic contents recalculated quarter of the specimeng show zoning of 5
to thirty-two oxygen atoms and the molecy. per cent An or greater, thys making it diff-
lar percentages of Qr, Ab, An, Cn, and Sr-F cult to obtain a good estimate of hulk com-
recalculated to 100 Per cent in the standard Position from Spot analyses,

I5KV 0] # A LiF crystq
S spots 20 seconds

Counts, X |05

© synthetic glosses
(numbers show mole % An)

* Emmons
2 Carmichae|
+ others

F1c. 1.—Relation between corrected, accumulated counts and weight per cent calcium determineq by
gravimetric analysis for natural specimens or by weighing for synthetic samples, Correction was made by
applying the factors of table 3B of Part 11T to {he estimates of minor elements in order to change the gc.
Cumulated counts to those for binary sodium, calciuym feldspar, The shape of the calibration cyrve was
calculated by applying the factors of table 34" to 4 linear relation, and the Curve was adjusted to pass
through the daturm for synthetic anorthjte. The horizonta] lines for Emmons 4 and 5 are corrections for the
presence of quartz on the bulk sample which Was analyzed chemically (sce table 1),

manner of recording used by Deer, Howie, In order to prove that the variations of
and Zussman (1963). counting rate for some samples displayed in
figure 2 were caused by chemica] zoning,

Plots were made between simultaneoys spot
Caleium —Two sets of analyses for cal- measurements of sodium and calcium, Two
cium were made, the first in conjunction  sych plots are Superimposed in figure 3 for
with aluminum ang silicon and the second  ten spots each from specimens G98 and

MAJOR ELEMENTS

ed, accumulated counts for caleium VErsus  tistical counting fluctuations. For the ho-
the chemica] determination, while figure 2 mogeneous specimeng (including the syn-



TABLE 2, ontinued
%ﬁ %——_ —

Weierr Prr Cexy MovrcoLes

SeEcnmx
AnlL| O Total | s; M Al Alg
0.3 0.0 | 100. g 4 +17 (382 | + g E1
0.6 0.0/ 99. 1,141 3 -+ 13 | 379 + 10 | E30 )
0.8 0.0 | 100. 1,143 0 382 0 | Amelia (KN)
Monteagle
131916/ oo 100.5 | 1,111 0 — 2| 407 =8 Township
N.d.| 915 | N.g. 100,44 1,114 | N.g. + 343 [~ 3 addam
0.918.7| 0.0 100.3 | 1,100 0 — 41416 | < 3 Villeneuve
0.6 | 87.3 0.1 98¢ 1,102 0 — 9| 407 + 13 BM1g40, 27
0.4 (89| o071 100.8 | 1,105 0 — 5| 422 0[E2
Monteagle Val.
87.1| 0.1 100.8 (..., .. o [ 20| ¢ ofsm|roms |, L S T A ey
820 01 99.4 1,081 0 + 18 | 429 + 8| E4
8.5 01 100.0 | 1,078 0 + 3| 433 + 5 E3
814 02 1006 | 1,084 0 +12 |42 [~ 3 81822 (KN)
80.1 0.2]101.2 1,059 0 — 22 | 443 — 7| E32
6.9 0.1 7.8 | 1,04 0 -+ 11 | 440 + 10 | k5
) 7.3 0.1 1025 1,062 0 —20)466 ([ — g 80165 (EN)
3 68.4( 035 100.8 1,025 0 =+ 47 — 7| 97490 (KN)
. 282003987 [1oo| o + 414 | —~ 3 | Howie 2379 i
30. 68.8 | N.d. 99.8+ 1,021 0 =+ 486 — 5 | Lambert RB3561
30. 68.2 | 0.4 101.1 1,015 0 — 492 |~ ¢ Lampert RB579
: 65.7 | 0.2 1012 016 0 + 490 [ — 7| Howie S347
35. 60.9 1 g2 99.5 948 0 + 10 | 504 — 17 | SK4145
38. 8.9 02 9.7 981 1 + 510 — 7| SK4272
41. 55.8 | 0.1 9.1 981 1 + 29 | 515 — 3| Howie 46424
47. 4771 03] 985 931 0 + 3844 |+ 5 E9
50. 47.2 | 0.2 100.0 918 1 — 20 | 585 — 6| EH201
52, 45.9 | 0.1 | 1004 922 1 - 66 | — 7 EH20
55. 28] 02 99.0 90 1 +15)563 [+ g EI3
55. 4291 0.2 g8’y 904 0 - 569 | -+ 7| E12
59. 40.0 | 03] 9979 897 0 + 10 | 577 + 5| Ei
56. 4.5 03/ 9o 1 901 0 -+ 577 |+ 9| El
62, 3.7/ 02 98.9 881 1 +16 |50 [ 5 Clear Lake
Crystal Bay
9 g 08 me |l o | 3 Falem v wlEV
72, 2 .3 5 0 .
75, 23.5 0.1 [ 100.2 824 0 2 - 2 — 5| 7510 (KN)
§1. 1931 0.1 100,8 790 0 9 — 19 — 4| HOe2
80. 20.1 0.1 1] 100.5 781 0 9 - 39 - 6/ Gos
84, 4.6 0.0 99.7 785 0 5 + 1 + 15 EB}S (EN)
90. 6.8 | Nd. | 97.5 767 | N.d. N.d, + 38 — 4 Juﬂ:m.g
Anorthite
94, Al 49/ 01 99.3 748 0 0 N.d. + 17 1 (Japan)
95. B 3.81 0.1 99.3 744 0 7 4 0 + 16 7 | Hakone 1
95, R 26| 03 98.7 737 0 8 0 + 21 1 | Hakone 3
95. i 3.1 0.1 98.3 740 0 7 0 + 18 1 | Miyake 99
0.0 (..., 6.5 |...... 56.5 | 1,187 0 1 0 +542 (4-193) Zlaas
i B 7.9 -] 389 | 1,160 ¢ 1 0 +533 187)| Any glass
1t N 0.6 - 72,1 | 1,008 0 1 N.d. +365 (+135) Anzy glass
¥ 3 - 95.2 1,032 0 5 1 Nd. +292 (+ 70)| Ange glass
o |osss] 87, - 900 968 0 0 Nd. + 12 (+ 6)| Ang glass
3 X .| 100.7 926 0 1 186 0 -1 2 o glass
A, 5 .- 1000 872 0 [ 58 1 Nd — 13 2 | Ango glass
%5 I 3 9.9 838 0 1 N.d. - 3 4 | Anzoglass
; 2 99.1 801 0 1 Nd. 9 | Anso glass
e 8.9, | 99.6 755 0 1 3 Nd 2 | Ansg glass
< .0 . .| ve8 719 0 1 1 ' Anzoo glass
X\M - S SR
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X-RAY-EMISSTON MICROA

counts and the weight per cent determined
chemically, Becayge no preamplifier wasg
fitted then to the counter, extraneoug sig-
nals were detected, making it inadvisable to
lower the beam current below 0.3 ya, Using
a 20-50-4 electron-beam diameter, no vola-
tilization of sodium Was recorded for crys-
talline Plagioclases, but the synthetic sodic
glasses suffered severe reduction in the
counting rate, Figyre 3 shows the relation
between the counting rate for sodium, aly-
minum, and silicon for the synthetic alhite
glass for which the counts were collected in
successive 30-sec, periods for a total of 5
min. The initial fa]] of the sodium readings,
together with the small Increase in the aly-
minum and silicon counting rate, can he
explained by volatilization of sodium, with
a corresponding increase of the aluminum
and silicon, which are assumed to be involy-
tile. A pit can be seen to form and grow
larger at the Impact area of the clectron
beam. (The increased absorption of the
emerging X-rays would explain the low ox-
ide total in table 2 for the synthetic albite.)
The later reversa] in the trends is hard to
explain unless sodium diffuses from the body
of the albite to concentrate in the region of
primary X-ray excitation, No attempt hag
been made thus far to systematically study
this phenomenon gs 5 function of beam load-
ing, but various scattered measurements
have suggested that in alkali teldspars, as
the beam loading increases from a level for
which no significant variation occurs in re.
peated analyses, both increasing and de-
Creasing counting rates can be obtained,
Measurements of potassium X-rays in alkali
feldspars just above the critical beam load-
ing have indicated 4 small increase followed
by a prolonged decrease, Consequently, it is
advisable to analyze at least three times at
each spot of alkali feldspars and sodic plagio-
clases in order to test for anomalous count-
ing rates. Alkali-bearing glasses are very
unstable in the electron beam, and it ig
necessary to use very low beam currents
(0.005 pa) on fine Spots (~ 1-5 u) in order
to obtain steady readings. Calcium stabilizes
the feldspar glasses such that those above

NALYSIS oF FELDSPARS
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Any are immune to beam damage for rea.
sonable beam currents,

In order to provide a more stable stand-
ard for albite, samples of the glass were
crystallized hydrothermal]y in open and
sealed tubes ang analyzed with respect to
natural albites. By this mcans, they were
referred to the other specimens which had
been analyzed at an earlier time. The crys-
tals grown in a sealed tube were rather small
(~ 3-20 &), and it was necessary to use a

10 sec. reading every 30 secs,

minuies

F16. 5.—The variation of X-ray output of
sodium, aluminum, and silicon using a small spot
anda 15-kv. and 01 uamp electron beam, Readings
were made for 10 sec, every 30 sec. and plotted at the
midpoint of each counting period.

beam focused to 3~10-p diameter and to ex-
trapolate all readings to zero time to correct
for a small reduction of the counting rate
during analysis. The crystals grown in an
open tube were large, hut it was feared that
some alkali might have been leached away.
However, the counting rate for the Iatter
was about 2.0 per cent higher than for the
former, a difference greater than the statis-
tical counting error of about 0.5 per cent.

ferred to an Ab standard, based on the data
of Part I, is 1.06. It Was not possible to pre-
pare a suitable calibration curve using this
factor; it was therefore decided to use a
factor of 1.10 and to draw the curve through
the mean of the two sets of data for syn-



I5KV 0. #A ADPcrystq|
S spots 20 seconds

© synthetic
(numbers show mole % An)

* Emmons
4 Carmichae|

etween corrected, accumulated counts and wejght PET cent silicon determined by
chemica] analysis for natyra] specimens or by weighing for synthetic samples. The correction was made by
applying the factors of table 3B of Part 11T to the estimates of minor elements in order to change the a¢-
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have a Systematic bias, being about twice
as high as the microprobe analyses. Because
the generation and absorption of X-rays in
alkali and plagioclase feldspars are similar
and the agreement with the Carmichael datg
Is good, it Secms reasonable tq ascribe g
Systematic error to the analyses of the Ep.
mons specimens, Figure 10 demonstrates
that strontiym content, like the Potassium
content, increases with Increasing sodiym to
4 maximum in the range Any s and is smal]
for the albites. Anorthoclase (Part IIT) may
carry large amounts of Strontium, There js
no obvious crystal-chemica] explanation for
the relation between strontium and sodiym
contents, but it is noteworthy that there js
no direct correlation between strontiym and
Potassium contents ip blagioclase in spite of
the afore-mentioned parallelism.

Barium  and cestum. —These elements
were not detected at the 0.02 wt. per cent
level, although Harrison and Miller (Em-

MICROANALY, SIS OF TELDSPARS

2 4 .6 .8
wh % K chemicg]

F16. 8 —Relation between microprobe and
estimates of the Polassium content of
plagioclase, Presence of Potassium-rich impurities
would lead to deviations to the right of the line of

agreement,

0.6 T T E
®Emmons
@ A Carmichaegj
Q
o + other
S04l + 3
} .
O
= +
&
L
0.2 i
S
=
S E
O ; J ] 1 1
0 0.2 0.4 C.se 0.8

wi % Fe, chemicql

F16. 9. —Relation between microprobe and chem;

cal estimates of the iron content of plagioclase. Pres.
t

ence of iron-rich impurities would Jead to deviations to the right of the line of agreement.
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the meantime jt scems best to assyme that
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of the possible presence of titanium-rich

at least most of the iron atoms OcCupy tetra-  impurities,
. hedral sites, Plzaspkoms.—Chcmical data for phos-
T z’tanium.hWithaHmited detection leve] phorus are also likely to he unrcliable in
of 0.01 wt. per cent, titanium was found in providing estimates of the phosphorus con-
several plagioclases: the maximum concen- tent of the plagioclase because of the com-
tration was (0,04 per cent. Whether titanium mon occurrence of apatite inclusions, which
goes into silicon or aluminum sites, and what are, however, readily detected in the micro-
is its valence state, are interesting problems probe by the contrast in the luminescence
for future study. Chemical analyses of bulk Properties (usually yellow for apatite and
specimens are generally unreliable because blue for plagioclase). The highest level de-
Osynthetic ° natural
102
w
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>
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differences between ato

ation with weight Der cent calcium of the surm of oxides, feldspar melecules, and
™ Proportions (data from tabje 2).
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tected by microprobe methods is 0.11 per
cent. Presumably phosphorus  substitutes
for silicon rather than for aluminum becauge
of its more favorahle charge and ionic size.
Since completion of the manuscript, Korit-
nig (1965) has shown by colorimetric analy-
sis that the phosphorus content of twelve
feldspars leached to remove apatite varies
from 0.0003 to 0.1060 per cent, which values
are similar to those reported here,

TOTAL ©XIDES TOTAL FELDSPAR MOLECULES

& 1 -
S 244 ]
=
> -
s | L
A Hj
5 r l
g l "»'
' 11
98 29 100 01 o2 87 85 99 100 101 102 103

weight percent

Frc. 12.—Frequency distributions of the sums of
oxides and feldspar molecules listed in table 2.

CONCLUSION

Figures 11 and 12 summarize some over-
all properties of the microprobe analyses,
Only three out of forty analyses of natural
Plagioclase yield oxide totals outside the
99-101 per cent range, but total feldspar
molecules calculated from sodium, potas-
sium, calcium, and strontium (assuming
stoichiometric aluminum and silicon) have a
wider range, 97.5-102.5 per cent, with
thirty-three between 99 and 101 per cent,
A small increase in totals resulting from
substitution of minor elements such as iron

P. H. RIBBE AND J. V. SMITH

should be made. The average oxide sum of
the natural plagioclases is 99.9 per cent, and
the average of the molecule sums is 99.7 per
cent. After correction for replacement of
aluminum by iron, the average molecule
sum is close enough to 100.0 per cent to
suggest that natural plagioclase feldspars on
the average are stoichiometric within ex-
perimental error. The atomic proportions
(Si+ Ti+ P) tend to be 0.3 per cent higher
than the values calculated from sodium, po-
tassium, calcium, and strontium (twenty-
six positive vs, twelve negative), but the
bias is within possible experimental errors.
The (Al 4 Fe) atomic proportions tend to
be 0.2 per cent lower than the calculated
ones, but this could be explained by bias in
the calibration curve for aluminum, as sug-
gested earlier. In conclusion it appears that
microprobe analyses of plagioclase feldspars
can be carried out routinely with a relative
accuracy of about 1.0-2.0 per cent for major
elements and an absolute level of detection
of 0.01-0.04 per cent for various minor
elements,
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mons, 1953) report barium levels greater
than this (one up to 0.058 per cent barium)
In six of Emmons’ plagioclases, which have
been reanalyzed by microprobe methods,
Since barium commonly occurs in substan-
tial amounts in antiperthitic orthoclase of
labradorites (Ribbe and Doman, manuscript

0.4

x
X o.

: . i
o

go 13887
0 20 40 60 80 100

weight % anorthite

Fre. 10.—Histograms showing for the present
specimens the average levels of iron, strontium, and
botassium in five equal compositional ranges. The
numbers of specimens are shown in the lowest boxes,

In preparation) it is possible that the barium
recorded spectroscopically actually occurs
in potassium feldspar avoided by the micro-
probe beam. This possibility is enhanced by
the fact that the chemical analyses of these
SIX Specimens average 1.5 per cent Or greater
than the microprobe analyses, It ig also
pertinent that the two plagioclases in Deer
etal. (1963) showing the most Ba0 (0.06 and
0.11 per cent) are classified as antiperthites
and contain 6.0 and 8.7 wt, per cent Or,
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Thus it appears that Plagioclase crystallized
at high temperature may contain barium at
the 0.0x per cent level, but that exsolved
alkali feldspar will incorporate most of the
barium, leaving an essentially barium-free
plagioclase,

Tron—Because of the likely occurrence
of iron-rich Impurities such as ilmenite,
hematite, and magnetite, the bulk chemical
analyses should tend to be higher, but not
lower than microprobe analyses, This is {rye
except for two specimens (fig.9). (Heier 1962)
does not discuss iron analyses in his review
of trace clements because of likely pres-
ence of impurities. The microprobe analy-
ses indicate a steady increase of average
iron content from 0.0z per cent near albite
to 0.5 per cent at anorthite (fig, 9), which
can be readily explained by the generally
higher temperatures of crystallization of the
calcic specimens and by the increasing pro-
portion of Al** sites which presumably pro-
vide sites for Fes+ ions. Alternatively, it
may be considered that the iron atoms sub-
stitute for the calcium atoms by analogy
with pyroxene, either by a straight substi-
tution Ca — Felr or by a coupled substity-
tion Calt + §jv _, Ferr + Al™, Again, the
amount of substituted Fe should increase
from albite to anorthite. The present analy-
Ses are in favor of substitution of aluminum
atoms rather than calejum atoms. The thir-
teen specimens containing over (.2 per cent
iron yield an average sum of feldspar mole-
cules in table 2 of 99 6 per cent. These feld-
spar molecules were calculated for only al-
kali and alkaline-earth metals in the inter-
stices and only aluminum and silicon in the
tetrahedral framework. If iron substitutes
for aluminum, the average rises to 99.7 per
cent. If iron occupies the interstices in the
framework, the average sum of feldspar
molecules rises to 101.8 per cent. There is
a similar deterioration in the comparison be-
tween atomic proportions, Those calculated
for iron occupying tetrahedral sites are al-
most balanced (table 2), while those for
iron occupying interstices are more unbal-
anced. Application of resonance techniques
may permit location of iron atoms, but in
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lower than the corresponding chemical anal-
yses (fig. 8). This bias can be attributed
principally to the presence of sericite and
intergrown potassium feldspar (antiperth-
ite), which were easily avoided in the micro-
probe analyses because the former gave no
appreciable luminescence while the latter
yielded an intensity of luminescence differ-
ent from that of the plagioclase. A similar
relation exists for iron analyses (fig. 9). The
potassium contents were usually fairly
steady for the five to ten spots analyzed in
the microprobe,

Potassium shows the expected tendency
to increase with increasing sodium content
(fig. 10). The reduction for the range Ang-
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Any results from the predominance of peg-
matite and vein specimens. Anorthoclases
from Part TIT would have raised the value
considerably.

Strontium.—No strontium-bearing im-
purities (apart from minor potassium feld-
spar) have been found in plagioclase, and
it seems necessary to ascribe discrepancies
between microprobe and chemical tech-
niques to deficiency in one or the other.
Figure 8 of Part IIT shows excellent agree-
ment (with one exception) between micro-
probe and chemical analyses by Carmichael
of strontium in alkali feldspars; however,
the optical spectrographic analyses by Har-
rison and Miller quoted in Emmons (1953)

I R ¢

LR 2100

o synthetic
(numbers show mole % An)

* Emmons

2 Carmicheel

+ others

8 Albite crystallized sealed tube

== | Ny

16 7 18

|
|

=t
19

wt. % Al, chemical

F16. 7—Relation between corrected, accumulated counts and

weight per cent aluminum determined by

chemical analysis for natyral specimens or by weighing for synthetic samples. Both calibration curves were
adjusted to pass through the datum for synthetic anorthite. Curve 7 was obtained by passing a line through

the datum B for a synthetic albite crystallized

in a sealed tube, while

curve 2 was obtained by calculation

using the factors of table 3A of Part IIT derived from formulas of Part I. The latter curve is preferred be-
da

cause it gives an excellent fit to the

ta for synthetic calcic plagioclase. The deviations for the synthetic
sodic plagioclase arisc from damage as shown in fig. 5. The horizontal lines for

three of the Emmons speci-

mens show corrections for the presence of excess silica arising from quartz impurity in the samples analyzed

chemically,
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thetic crystallized albite. The resulting curve
fits well with the data for the stable calcic
glasses but ig strongly biased with respect
to the chemical analyses for the natura] sodic
plagioclases. Ag mentioned in Part II, be-
cause CaAlLSi»Og and KAISi;05 have similar
scattering and absorbing properties for
X-rays, similar correction factors would be
expected for plagioclase and alkali feldspars.
The factor 1.12 was used for measurements
on orthoclase made at 20 kv., based on
flame photometer analyses and assumptions
of stoichiometry and completely filled cation
sites. Thus the empirical factor of 1.10 for
data taken at 15 kv is consistent within an
estimated uncertainty of 0.02, for a lower
value would be expected at the lower volt-
age. The sodium content of Amelia albite
determined in Part TIT from the alkali feld-
spar calibration curve is 8.62 per cent, to
be compared with the value of 8.71 per cent
obtained from the plagioclase calibration,
The difference is Jess than the claimed rela-
tive accuracy of about 2 per cent for sodium,
Most of the chemical analyses for sodium
were probably made by gravimetric tech-
niques for which the co-operative studies of
G1 and W1 have revealed large variations
(Stevens and Niles, 1960). Comparison of
gravimetric and flame photometer analyses
shows that the former tend to be lower than
the latter (G1, 3.31 vs. 3.41: Wi, 2.7 vs.
2.21). Thus it is reasonable to place the
microprobe calibration curve at higher so-
dium values than those given by older chem-
ical analyses. A similar situation exists for
the alkali feldspars (Part IIT).
Silicon.—Tigure 6 shows the relation be-
tween corrected, accumulated counts for
silicon and weight per cent silicon deter-
mined chemically. The calibration curve
was obtained by use of factors derived from
the formulas of Part T (table 3 of Part III)
and the data for bure synthetic anorthite,
Apart from the datum for Ang; there is ex-
cellent agreement for the synthetic calcic
plagioclases. The synthetic sodic plagio-
clases give higher counting rates for calcium
because of the assumed volatilization of so-
dium. The chemical analyses tend to lie on
the lower side of the calibration curve, in
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accordance with the hias suggested in Part
IIT for alkali feldspars and that suggested
for gravimetric chemical analyses in the
study of G1 and Wi (Stevens and Cho-
dos, 1960). Three specimens contain large
amounts of quartz impurities, thus explain-
ing their high chemical values for silicon,

Aluminum.»Figure 7 shows the relation
between corrected, accumulated counts and
the respective weight per cent aluminum. A
tentative calibration curve was drawn be-
tween the data for synthetic anorthite and
the synthetic albite devitrified in a sealed
tube. This calibration curve resulted in a
factor of 0.98 for aluminum in An referred
to unity for an Ah standard, which differs
markedly from the value of 0.95; calculated
from the data and formulas of Part I, Fyr.
thermore, the curve s displaced from the
data for the synthetic calcic plagioclases
which do not suffer alkali loss. A second
calibration curve, passing through the da-
tum for anorthite glass and using the Part T
factor, gave a much better fit with the syn-
thetic calcic plagioclase data. As mentioned
carlier, the closeness of atomic numbers of
the elements in orthoclase and anorthite
should result in similar correction factors,
and the good agreement with the factor from
Part I for aluminum analyses of alkali feld-
spars in Part IIT suggests that the Part T
factor should also be valid for plagioclase
feldspars. The aluminum contents for the
calculated calibration curve agree quite
closely with the values for the stoichiometric
formula, in contrast to those for the tenta-
tive calibration curve which are lower than
theoretical. Consequently, the calculated
calibration curve has been adopted in pref-
erence to the tentative one, and it was gs-
sumed that the experimental data on the
synthetic albite are in error by about 1.5
per cent,

Whether the tentative or calculated cali-
bration curve is used, the chemical analyses
tend to lie at higher values than the calibra-
tion curves,

MINOR ELEMENTS

Potassium —With hut three exceptions,
the microprobe analyses of potassium are



224 P. H. RIBBE AND 7. v, SMITH

thetic specimens) there i a good correlation curvature determineq from the theoretica]
between the tWo sets of microprobe analy-  factor listed in tabe 2 of Part ITT. The cali-
ses; but for the 7oned specimens the agree-  bration curye fits well with the experimenta]
ment, of course, is much poorer i accord-  datg for the intermediate Synthetic plagio-
ance with sampling difficulties. Taking ac- clases; the smaj] bias for sodjc Specimens is
count of the presence of quartz in Some of  explained by volatilization of sodium and
the specimens and of the zoning of others, the consequently higher bcrcentage content
there is g reasonably good correlation he- of other elements, The consistency of the
tween the chemiea] and microprohe data of datq indicates that microprobe analyses of
figure 1, suggesting that hop techniques calcium can pe carried out with 5 relative
give good analyses for thig element. The cali- Precision of 1 per cent.

bration curve i figure 1 was made to fit at Sodium —F igure 4 shows the relation for
synthetic albjte and anorthite, with the sodium between Corrected, accumulated

e
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chemical analysis for natural specimens op by weighing for synthetie samples. The Correction was made by
applying the factors of tahle 3B of Part TIT 14 the estimates of minor clements in order to change the accumu-
ated counts to those for 3 binary sodium, calcium feldspar. The shape of the calibration cyrye was calculated
by applying the factor 1.10 to the X-ray emission of An referreq tq unity for Ab, and the curve was adjusted
to pass through the mean of the data for the two crystallized albiqes. The factor of 1.04 listed in table 34
of Part IIT would lead to a more linear calibration curve and to g strong deviation from the daty for synthetjc
calcic plagiociase. The deviations for specimens Jahejed 0, 10, 20, 30, and 40 arise from alkali logs as discussed
in the text. The horizontal Jines correct for the Presence of excess silica in three Emmong specimens (table 1).
The pair of Jineg result from duplicate measurements for gne of these Lmnmgps specimens,
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* Al using calibration curve that joins the datg for svuthetic albite and anorthite,

f AIlL using calibration curve that passes through synthetie anorthite and uses the factors of tabla 3, a, of Part 11T,
3Sim]c = 3(Na+K) + 2(Ca-£8r).

§41=Si+Tip) g

I Almlc = (Na-tK) +2(Ca+8r),

Fla= (AlFe — g1
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