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- Introduction Chemistry
~ Apatite erystals from Fluddersficld Township, To check the homogeneity of the crystal two
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mlﬂﬁﬂ.ﬁtwﬂﬂsmnil-hmﬁmdm on the polisked thin section. Using the homo-
wwﬂﬂmmmh}mﬂn‘ﬁdmhﬂw— gencity index of Boyd et al. (1963) the four
ever, there have been foew quantitative data on lements [
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The best crystals are found in a darn zone ‘“‘ﬁ“?*iﬂbhlhildmmhwm
MﬂtYnﬁUmhthmmMm. wi
range 4 In Huddersfield Township they
e s lie
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w0 found deep green to rod and y w1 T S
hﬁmﬂﬂhﬂhrxglhmnﬂwmﬂnn r w, om ar 3 o
W em while the wi m from s fraction & 0 B M coaM
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trace quantities of calcite inclusions and a few 3 G B T B et Sl
wmall red staing assumed to bo of iron oxide. In 1 L A B L 0@
wmrwmmﬁmmmm 4 W bm o8 K A
indices of refraction measared in 1 Feg, 0.1
(=758 y are ¢ = 1638 and £ = LE33. y - 7w F “‘} 1
indices of the oils. where with an Abbd ol mﬂh: _:-:: o 40
refractometer immediately alter each determing- Feb gk “ag
hmwm&kwlﬂiﬁﬁﬂhﬂdﬁlﬁw -l
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and wiene at 23°C, were found to be 330, 336, " """":“"’""1;‘“ 2
421, and 323, an average of 328, The demsity  w = - 1.87 L 1

| i those listed for Aworapatite in Deer, Howie & .80 Sitecry of estred

Fosman (1062), Ban by welimacry, of estlved Suts b o e et
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The complex nature of the Huddersfield apa-
tite made it necessary to use a combination of
gravimétric, volumetric and instrumental tech-
niques. Minor elements and rare earths were
measured by x-ray fluorescence. CaO was preci-
pitated as an oxalate in a weak acidic solution.
Because some rare earths and phosphorus came
down with the calcium it was nccessary to re-
dissolve the oxalate and reprecipitate the last
vestiges of the rare earths and phosphorus (Hil-
debrand et al. 1953). Determinative mathods for
the other clements are given in table 1.

On the basis of 26(O,0ILF), phosphorus is
less than the ideal 6 anions. The difference is
more than compensated for by the addition of
C, 5i, and S, which give a total of 6.152 in the
P structural site. In the C structural site the sum
of cations is 9.588, less than the ideal 10. This
inverse occupancy relationship was also found
by MecClellan & Lehr (1969) in their general
study of apatites.

Xeray data

Approximately 5 grams of the crystal and 2
grams of quariz were thoroughly ground together
under acetone in an agate mortar to produce a
homogeneous powder for x-ray diffraction studies.
The seven quartz lines observed on the diffracto-
meter trace served as an internal standard and
showed that the 20 measurements are valid to a
standard deviation of 0.01° 2{). CuKg radiation
and a graphite monochrometer were used to pro-
duce the diffractometer trace. Twenty-two lines
between 20° — 55° 20 were used to refine a and ¢
using the computer program PARAM of Stewart
et al. (1972). The refinement procedure gave
final values of : a = 9.3796(2) and ¢ = 6.8024(2)
where the numbers in parentheses are the
standard deviation in units for the last given
digit. Table 2 shows that the data for the Hud-
dersfield apatite are nearly identical to those of
synthetic [luorapatite.

From the chemical and x-ray data the most
important substitutions are Sit* and Cit for
Pa+. Substitution of Si'* for P+ commonly
leads to vacancies in the F'~ and Ca%" posi-
tions (McClellan & Lehr 1969) as well as an
increase in the a and ¢ cell dimensions. Substi-
tution of C** for P5" decreases a without sig-
nificantly affecting ¢,

Relationship of chemistry,
density and refractive indices

As a check of the internal consistency of
chemical, optical and density data, one may use
the rule of Gladstone and Dale (Jaffe 1956) :
n— 1 =dK (Table 3). The density calculated
from the x-ray data and chemical composition
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ig 3.17 assuming 26(0,0ILF) in the unit cell
From the chemical composition and refractivé
indices the density calculated by the rule

Gladstone and Dale is 3,13 (Table 3). This valu&=
is lower than the average measured density 3.28°
The diserepancy may be reduced if we usé®
K(P205) = 0.170, which is the value for synsc
thetic fluorapatite (Jaffe 1956). PsOs was choser &
as having too high a K-value (Larsen & Bermaror P!
1934) because the other major component i Io
apatite, CaO, has a K-value that is consmtenf as
for other major CaO-bearing minerals (Jalfeur micropro
1956). It was also found that the calculated: :
densities for apatites in Decr, Howie & Zussmarex ;
(1962) are lower than measurcd densities, [singrandards.

TABLE 2. X-RAY POMOER PATTERNS OF FLUORAPATITE
FuddersField Townzhia, P.0. Synthetic CagiPOglaf ™

Iy dlimeas.] dlcalg.) R g 441
100 8.12 8
101 5.25 1
110 4.684 <1
g 4.053 4.061 200 4.055 8
& 3.880 3.878 11 3.872 8
201 3.494 <]
53 3.457 3.446 002 3.442 40 ¥
11 3470 3.72 102 3.167 14
1B 30069 3.070 210 3067 18 2
00 2.803 2.804 211 2.800 100
1 2777 2,777 112 2.772 55
4z 2700 2.708 300 2.702 60
21 2.689 2.628 202 2.620 30
4 gm0 2.520 301 2.517 6
5 2.294 2.252 212 Z2.283 8
16 2.252 2,253 310 2.250 20
2 2228 2,220 22 2.218 4
7 242 2.1 mn 2.140 6
02 2.128 1
4 2.059 2.063 113 2.067 [
400 2.028 o
3 2.0 2.000 203 7.997 4
20 1.943 1.930 222 1.937 5
11 1.887 1.866 312 1.654 14
4 1.864 1.860 320 1.862 4
24 1.84% 1.840 213 1.837 30
12 1.800 1.799 321 1.797 16
12 1.973 1.773 410 1.771 14
12 1.750 1.750 402 1.748 14
35 1.724 1.723 004 V.72 16
2=9.3796(2), o=6.8924(2)R 5=0.3684, 2-5.28415

**JCP0S T5-876

TABLE 3. COMPARISON OF THE MEASURED DENSITY WITH THAT COMPUTED FROM
THE RULE DF GLADSTOWE AND DALE*

Weight 7 i

s2/100 Wedght 3 FUNN ST
P,0; 38.0¢ 0.190{0.170) .0720(.0647) Ce,0, 1.22 0.149 .0018
o, 0.88 0.217 a0t La,0y 044 0,742 0006
§i0, 1.75 0.207 L0035 Has0 0.28 0.181 0005
$0, 0.7z 0177 L0013 F 3.50 0.043 0017
tad 53.66 0.225 207 407 0,29 0.335 L0010
sf0 0,28 0.143 o004 0= F 1,64 0.203 -.0073
10, 015 0.170 L0003 i=.2023] .1952)

2&;3!3-[2(1 -638)+1.633] / 3=1.838
(1.636-1)/(0.029)=3 .13(AF205=0,19}

t'l.63‘“—1}1.953&3.25[}:”205 = 0.97) dlmeasured)=3.20

* =140 where w={2ute) /3, c=density, ?.'=)?[(¢.1.};i)f]:]0]; ¢;=oxide wt.
of each conponent and K.e=specific rafractive eneray of axide com-
panent i (Larsen & Berman 1934, Jaffe 1956) .

£ values taken from Larsen & Bevman (1934) axcept for YZDE’ Ea_zl}g,
and LaZGS which are from Jaffe {1556)
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