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Abstract

The compositional range of the herderite-hydroxyl-herderite series, CaBePO,(F,OH), has
not been well-established. Microprobe analysis of 41 herderite series samples from 19 local-
ities gave compositions between 98 and 53 mole percent hydroxyl-herderite. The only speci-
men of true herderite known to us is a cut gem at the Smithsonian Institution with 60 mole
percent herderite. Nineteenth-century analyses of specimens from Stoneham, Maine, report-
ing high fluorine contents and widely cited, must be considered doubtful. Indices of refraction
of 12 samples show a linear decline with increasing F content, and least-squares linear

regression analysis of the data gave

a = 1.615 — 0.00059(%H)
8 = 1.634 — 0.00056(%H)
v = 1.644 — 0.00055(%H)

r=-0.991
r=—0.994
r=—0.994

where % H is the mole percent herderite in the specimen, and r is the correlation coefficient of
the indices with composition for the fitted lines. The X-ray diffraction pattern of hydroxyl-
herderite shows no perceptible shifts with composition.

Introduction

Herderite, CaBePO,F, and hydroxyl-herderite, Ca-
BePO,(OH), are end-members of an isomorphous
series. Herderite was first discovered in the tin veins
of Ehrenfriedersdorf, Saxony (Haidinger, 1828); hy-
droxyl-herderite was first described from a pegmatite
at Paris, Maine, as hydro-herderite by Penfield (1894).
The actual composition of the Ehrenfriedersdorf
herderite has never been established. Winkler, in
Weisbach (1884), gave two analyses, with 6.59 weight
percent and 6.54 weight percent H,O, greater than
the theoretical amount of water in pure hydroxyl-
herderite, and only a “doubtful reaction” for fluo-
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rine, but Genth (1884) felt that Winkler’s methods
were totally inadequate for the detection of fluorine.
The division of the series into herderite and hydroxyl-
herderite was made by Palache et al. (1951, p. 820).
Most analyses of herderite date from the nine-
teenth century and suffer from the difficulties of
fluorine analysis by the wet-chemical methods in use
at the time. Optical data on analysed herderites are
sparse. This paucity of recent and reliable data
prompted us to analyse a large number of herderites
and to determine indices of refraction for a number
of these. A summary of our results, with a detailed
discussion of hydroxyl-herderite from two Brazilian
localities, is presented elsewhere (Dunn et al., 1979).
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Occurrence

The herderite series minerals occur typically in peg-
matites, as crystals in cavities formed during the late,
replacement stage of crystallization. Crystals are usu-
ally only a few mm across, but in one Brazilian local-
ity reach 15cm (Dunn ef al., 1979). The most com-
monly associated minerals are crystalline quartz,
albite, muscovite, and clays. Microcline, if present, is
etched, as at Topsham, Maine (Yatsevitch, 1935),
and Virgem da Lapa, Minas Gerais, Brazil (Dunn et
al., 1979). Hydroxyl-herderite may form by the alter-
ation of beryl (Yatsevitch, 1935; Perham, 1964) or of
beryllonite (Palache and Shannon, 1928). It rarely
shows alteration, but occurs as bright, euhedral crys-
tals implanted on the other minerals.

Chemistry

Forty-one samples of herderite series minerals were
analysed with an ARL-SEMQ electron microprobe us-
ing an operating voltage of 15kV, a beam current of
0.15u¢A, and a 10y beam. The standards were fluo-
rapatite for Ca, P, and F; hornblende for Si, Al, Fe,
and Mg; and manganite for Mn. The data were cor-
rected for background, backscatter, absorption, and
fluorescence using a computer program employing
the Bence-Albee factors. The analyses are presented
in Table 1, along with the fluorine analysis of a fac-
eted green gem herderite in the Smithsonian Gem
Collection (Dunn and Wight, 1976).

The analyses are averages; the fluorine content of
single crystals varied by as much as 20 percent rela-
tive at different sample points. Indices of refraction of
different fragments of single crystals show corre-
sponding variation. In addition, different samples
from the same locality are in some cases quite differ-
ent in average composition. No attempt was made to
map possible zonal distribution of fluorine in any of
the specimens.

The analytical data indicate very little replacement
of Ca by Fe, Mg, or Mn in the herderite-hydroxyl-
herderite series. Most samples conform quite well to
the theoretical content for Ca and P. The analytical
data indicate that herderite is a very rare species. All
the samples studied herein are hydroxyl-herderite;
none were found with a fluorine content which would
indicate F > OH. The only herderite known to us is
the gemstone described by Dunn and Wight (1976).

A number of the analyzed specimens have been
studied in the past, and some comments about these
are in order.

In his description of hydro-herderite from Paris,

Maine, Penfield (1894) noted that a prism of the
mineral was cut to determine the index of refraction
by the method of minimum deviation. This prism and
a specimen labelled “hydro herderite, Paris, Maine”
(Brush #1973) are preserved in the Brush collection of
Yale University and were made available for this
study. Penfield (1894) found a “‘trace” of fluorine, but
microprobe analysis shows that this hydroxyl-herd-
erite actually contains about 1 percent F by weight,
and is 91 mole percent hydroxyl-herderite, rather
than the pure end-member. Penfield was a meticulous
analyst; the presence of 1 percent F undetected in the
sample despite his care is evidence of the difficulty of
F analysis by the methods he used.

Ford (1911) described a herderite mineral from
Auburn, Maine. He included a chemical analysis for
water and fluorine, which yielded F = 6.04 percent,
H,O = 3.62 percent, corresponding to 48 mole per-
cent and 65 mole percent hydroxyl-herderite respec-
tively. A twinned crystal of the described material
(Yale #3772) was examined in this study. It has one
end sawn and is presumably the analysed specimen.
Microprobe analysis gave 4.20 percent F, corre-
sponding to 64 mole percent hydroxyl-herderite,
compatible with the H,O value reported by Ford.

Hydroxyl-herderite from the Golconda Mine,
Minas Gerais, Brazil (NMNH #121024) was used by
Lager and Gibbs (1974) for a detailed crystal-struc-
ture analysis. They treated it as pure hydroxyl-herd-
erite, but our analysis of fragments from the same
specimen, a single crystal 7 X 5 X 4cm, showed 3.39
percent F, corresponding to 71 mole percent hy-
droxyl-herderite.

Complete analyses of herderite minerais for which
F > OH were published by Hidden and Mackintosh
(1884) and by Genth (1884), both on material from
Stoneham, Maine. Since all six samples from Stone-
ham which we analysed are hydroxyl-herderite, these
early analyses must be reconsidered. Hidden and
Mackintosh (1884) gave 11.32 percent F and stated
only that “the fluorine was calculated from the excess
of lime.” They did not state that they made direct
tests for fluorine or for water. Although they stated
that they had no doubt that the formula calculated
from their analysis represented the true composition
of the mineral, it is in fact uncertain with respect to F.
Genth (1884) in summarizing his analytical data,
stated, ‘““somewhat doubtful is the exact amount of
fluorine which it contains.” Although Genth thought
his F content (8.93 percent) too low, it is clear that he
was doubtful of the analytical procedures for F deter-
mination in use at that time. Penfield and Harper
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Table 1. Partial chemical analyses for the herderite series

915

# NMNH
unless Less

Locality noted 5i0, cao PO, F 0=F Total Mol%0H
Theoretical hydroxyl-herderite = = ====== 34,82 44,06 0.00 0.00 78.88 1001
Dunton Gem Mine, Newry, Maine * R4109 1.40 30.60 38.52 0.22 0.09 72,60 98+
Dunton Gem Mine, Newry, Maine & 127895 0.83 30.54 40.00 0.07 0.03 73.51 99§
Foote Mine, Kings Mountain, N.C. * 132503 3.35 30.29 37%/59 0.08 0.03 72.16 99y
Keyes #1 Mine, Orange, New Hampshire Private 0.67 34,04 42,80 0.24 0.10 77.65 98
c") R16743 0.87 34.04 42.07 0.22 0.09 77.10 98
Palermo #1 Mine, North Groton, N.H. 106076-1 0.00 34.17 43.14 0.19 0.08 77.32 98
(") 106076-1 0.03 33,26 43.65 0.47 0.20 77.21 96
Paris, Maine * Brush 1973 0.00 34.45 44.08 1.01 0.43 79.11 91
Golconda Mine, Minas Gerais, Brazil 121629 0.04 34.49 44,09 1.16 0.49 79.29 90
") 121033 0.16 34.42 44.24 1.69 0.71 79.80 86
[ 121032 0.07 34.56 44.32 1.69 0.71 79.93 86
¢ %Y 121030 0.23 34.25 43.94 1.73 0.73 79.42 85
[ 121034 0.32 34,22 44,01 1.82 0.77 79.60 84
¢ ") . 121024 0.00 34.59 42.93 3.39 1.43 79.48 72
Fletcher Mine, North Groton, N,H. 106167 0.00 34.78 43.97 0.36 0.15 78.96 97
(e 106167 0.30 34.24 43.89 2,82 1.19 80.06 76
) 106191 0.00 34.47 43.89 1.72 0.72 79.36 85
Poland, Maine R5201 0.16 34.09 43,73 2.33 0.98 79.33 80

" B13685 0.10 33.86 43.85 3.32 1.40 79.73 72
Auburn, Maine B14160 0.48 34.50 43,25 1.65 0.69 79.19 86
(") R10289 0.00 34.14 43.89 2.90 1.22 79.71 7S
") 46845 0.00 34.79 43.97 3.78 1.59 80.95 68
(") * Yale 3772 0.00 33.90 43.34 4.20 1.79 79.65 64
Poland, Maine R 5201 0.00 33.81 43.24 3.85 1.62 79.28 67
Bennett Mine, Buckfield, Maine 132581 0.14 34.54 44.02 2.98 1.25 80.43 74
(") 132682 0.14 33.89 43.52 3.41 1.44 79.52 71
Greenwood, Maine 123395 0.33 34.70 43,49 3.85 1.62 80.75 66
Stoneham, Maine 120817 0.10 34.23 43,91 3.29 1.38 80.15 72
(") R5203 0.00 34.13 43.31 3.43 1.44 79.43 71
(") B8417 0.00 33.53 43.15 3.48 1.46 78.70 70
(") 45077 0.00 34.55 44.05 3.94 1.66 80.88 66
(= Yale 1955 0.00 34.17 42.99 4.10 1.73 79.53 65
| SR | B13669 0.23 34.19 43.51 4.52 1.90 80.55 61
Topsham, Maine 112559 0.00 34.00 43.03 4,31 1.81 79.53 63
Virgem da Lapa, Minas Gerais, Brazil 134667 0.30 34,54 43.74 3.17 1.33 80.42 63
") R18141 0.20 34.57 44.13 4.79 2.02 81.67 59
(") 135016 0.00 34.25 44,14 5.31 2,34 81.36 54
Epprechstein, Germany * B21357 0.00 34.47 43.13 4.74 2.00 80.34 59
Blue Chihuahua M., San Diego Co., Cal. 121245 0.05 34.42 43,97 4.74 2,00 81.18 59

£ 121275 0.22 34.55 43.91 5.00 2.10 81.58 5,
Waldstein, Germany B21356 0.00 33.90 43.34 5.44 2.29 80.39 53
Green Gem, Brazil Gem 4948 7.01 40
Theoretical herderite === ====—— 34.39 43,53 11.65 4.91 84.66 [1}9]

discussed in text

Includes 0.25% A120
Plus 15.34% BeO.

Plus 5.59% H20 and 15.53% BeO.

=D W+ *
LI I S I I |

Includes 0.66% A1203 and 1.29% FeO.
Includes 0.85% A1203 and 1l.25% FeO.
and 0.63% FeO.

(1886) analysed a specimen from Stoneham, and us-
ing the ratio of F to H,O in the analysis, concluded
that their material was 60 mole percent hydroxyl-
herderite. They considered that their analysis super-
seded those of Hidden and Mackintosh and Genth.
Thus the composition of Stoneham material was a
matter of considerable dispute among mineralogists
in the 1880’s. QOur analyses support that of Penfield

and Harper, and in the absence of more confirmatory
data, the existence of herderite from Stoneham must
be considered doubtful. We were unable to obtain
samples of the actual material analysed by Hidden
and Mackintosh or by Genth.

The specimen from Epprechtstein, Fichtelgebirge,
West Germany, with 59 mole percent hydroxyl-herd-
erite, is a single crystal, illustrated by Diirrfeld
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Table 2. Indices of refraction for the herderite series

Locality* Catalog #* Mo1%, on @ s T
Keyes Mine R16743 98 1.615 1.634 1.643
Keyes Mine Private 98 1.613 1.632 1.642
Paris Brush 1973 91 1.611 1.630 1.639
Auburn B14160 86 1.609 1.627 1.638
Auburn 46845 68 1.594 1.615 1.625
Poland R5201 67 1.597 1.617 1.628
Stoneham Yale 1955 65 1.592 1.613 1.624
Auburn Yale 3772 64 1.593 1.614 1.625
Epprechtstein  B21357 59 1.591 1.610 1.620
Virgem da Lapa 135016 54 1,588 1.608 1.619
Haldstein B21356 53 1.589 1.610 1.619
Brazil Gem 4948 40 1.581 1.601 1,610

* Complete localities are given in Table 1.
*¥ Unless noted, numbers refer to NMNH collections.

(1909), and is now a part of the Carl Bosch collection
at the Smithsonian Institution (#B21357). On the
basis of apparent differences in axial ratios, Diirrfeld
concluded that this hydroxyl-herderite contains less F
than hydroxyl-herderite from Stoneham, Maine; in
fact, its composition is comparable to those of hy-
droxyl-herderites from Stoneham which we have
studied.

An unfortunate omission from our data is informa-
tion on herderite from the type locality, Ehrenfrie-
dersdorf. Despite considerable effort we were unable
to locate a specimen. A supposed specimen in the
Carl Bosch collection proved to be apatite,

Two hydroxyl-herderite samples from the Dunton
Gem Mine, Newry, Maine (NMNH #R4109,
#127895), and one from the Foote Mineral Company
spodumene mine near King’s Mountain, North Car-
olina (NMNH #132503), have aberrant chemistry.
The material from Newry is botryoidal, brown in
color, and occurs as an alteration of beryllonite (Pa-
lache and Shannon, 1928). It is low in calcium and
phosphorus, but contains significantly more iron—up
to 1.29 percent FeO—than most hydroxyl-herderite,
and up to 1.4 percent SiO,, perhaps in substitution as
SiO, for PO,, as in ellestadite, viseite, perhamite
(Dunn and Appleman, 1977), and other silico-phos-
phates. The summations of the analyses are quite
low, however, and there appear to be other problems
in the chemistry of these specimens. A microprobe
scan failed to reveal other detectable elements, al-
though Li, Be, and B cannot be detected on the
probe, and the lack of any effervescence of this hy-
droxyl-herderite in HCI indicates low, if any, sub-
stitution of CO; for PO,. The King’s Mountain hy-
droxyl-herderite also has a high SiO, content—3.35
percent. The X-ray powder patterns of both the
Newry and the King’s Mountain material are in-

distinguishable from those of the other hydroxyl-
herderites X-rayed in this study.

Optics

Indices of refraction for a number of analysed sam-
ples were determined using the spindle stage designed
by Jones (1968). Principal vibration directions were
located by observing interference figures in con-
oscopic light, and refractive indicés were measured in
sodium light by the Becke line method. Refractive
indices of the immersion oils were checked in each
case by refractometer. Single index determinations
are believed to be precise within +0.001.

Because the grains analysed by microprobe and
those examined optically were not the same, although
coming from the same specimen and usually from the
same small crystal, and because different grains may
show marked variation in composition and refractive
indices, refractive indices were determined on two or
more grains of most specimens. If differences of 0.003
or greater were found for a given index between
grains, the specimen was considered excessively in-
homogeneous and the data discarded. As can be seen
from the equations below, a difference of 0.003 in
refractive index corresponds to a difference of about
5 mole percent F (or OH) in the composition. If
differences in index were less than 0.003, the average
of the determinations was used. The resultant indices
of refraction of 12 samples are recorded in Table 2,
along with the indices of the herderite gem, which
were determined by refractometer to +0.002 (Dunn
and Wight, 1976). The equations of the best-fit lines
determined by least-squares linear regression analysis
are:

a = 1.615 — 0.00059(%H) r= —0.991
8 = 1.634 — 0.00056(%H) r=—-09%
v = 1.644 — 0.00055(%H) r=-0.9%

where %H is the mole percent herderite in the speci-
men, and r is the correlation coefficient of the indices
with composition for the fitted lines.

The herderite series thus shows a significant de-
crease in indices of refraction with increasing F con-
tent. This change provides a useful method for deter-
mining the composition of an unknown sample. The
variation is not unexpected, for other minerals with
F-OH substitution show a decrease in indices of re-
fraction with increasing F content.

Calculated 2V angles show a slight change, from
77° for pure hydroxyl-herderite to 70° for the mid-
point composition. Thus 2V is not a useful property
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for determining the composition of members of the
series.

Crystallography

Some minerals show changes in unit-cell dimen-
sions with OH-F substitution. In the case of tremo-
lite (Cameron and Gibbs, 1973), the effect is small,
amounting to a reduction of about 0.05A in the b-axis
dimension of synthetic fluor-tremolite as compared
to hydroxyl tremolite, with smaller reductions in the
other axial dimensions. To test whether a change in
lattice dimensions with composition is detectable in
hydroxyl-herderite, an X-ray powder photograph
was made of hydroxyl-herderite with 98 mole percent
OH (Palermo Quarry, N. H.; NMNH #106076-1)
mixed with an equal amount of hydroxyl-herderite
from Auburn, Maine, with 64 mole percent OH
(Ford, 1911; Yale #3772), using nickel-filtered CuK«a
radiation and a 114.6 mm Debye-Scherrer camera.
There was no detectable broadening or splitting of
the lines as compared with the pattern of Palermo
Quarry hydroxyl-herderite alone; thus, any shift must
be slight, and X-ray powder diffraction does not pro-
vide a method for determining F content in members
of the series. Because OH~ and F~ have the same
number of electrons, their mutual substitution is un-
likely to cause intensity changes in the X-ray diffrac-
tion pattern. Powder diffraction data of the Palermo
hydroxyl-herderite have been submitted independ-
ently to the Jcpps.

Penfield (1894) and Ford (1911) investigated the
variation of the morphological axial ratios of hy-
droxyl-herderite with its composition, although each
observed that the usual rounding and unevenness of
the faces of crystals made precise goniometric mea-
surements difficult. Penfield reported a variation,
whereas Ford did not. Diirrfeld (1909) used Pen-
field’s (1894) data in his study of Epprechtstein hy-
droxyl-herderite discussed under Chemistry. Our X-
ray study did not detect any change in the lattice
spacings with composition and hence no change in
the axial ratios, supporting the work of Ford (1911).
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