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ABSTRACT
New determination of the chemical composition of englishite from near Fairfield, Utah, and from a secondocclurence, the Tip Top pegmatite in South Dakota, require
.rris
a revision of the chemicalformula for
species.The new
formula is Na2K3CalsAlr:POdzt(Ot{)zr26HzO which,
wrth Z = 4, yields a calculated density of 2.69 g/cm3,
comparedwith the new observedvalue of 2.68 g/cm3.
Keywords: englishite, chemical composition, pegmatite,
South Dakota, Utah.
SOMMAIRE

promised by the accidental switching of vials, as
describedby Dunn (1978)in the discreditation of
lewistonite and dehrnite, two otler phosphatesfrom
this deposit,supposedlycoalainingK and Na; these
were shown to be carbonate-fluorapatite. However,
englishite has a very characteristic appearance;its
platy aggegates of lustrous, colorless crystals have
a vitreous lustre and a very characteristicX-ray powder pattern (Moore 1970. The samplesfrom Utah
studied herein all conform to this description aud
yield powder data in good agreementwith thosepublished by Moore.

Les r6ultats de nouvelle analyseschimiquesd'enelishite
CHEMISTRY
de Fairfield (Utah) ainsi que d'6chantillons provenant d'un
glte
pegmatite
(Dakota
Sud)
nouveu
dansla
de Tip Top
du
The samplesin this study werechemicallyanalyzed
requibrentla r6vision de la formule chimiquede cetteesp€ce.
Pour Z = 4, la nouvelleformule, Na2K3Ca16A115@Of21using an ARL-SEMQ electronmicroprobeutilizing
(OH)r.26st9, donne une densitdcalcul€ede2.69, qui con- an operating voltage of 15 kV and a sanple current
corde avec la nouvelle valeur mesur€e, 2.68.
of 0.025 pA standardizedon brass. The following
Clraduit par la R6daction)
Mots-clds: englishite, composition chimique, pegnatite,
Dakota du Sud, Utah.
INTRoDUc,iloN
Englishite was first reported from the variscite
deposit near Fairfield, Utah, by Larsen & Shannon
(1930), who described it as a new species, with the
chemical formula 4CaO.K'O.4N2O34P2O5.14H2O.
Subsequent study by Larsen (1942) established the
monoclinic symmetry of englishite and provided additional data concerning the paxagenesis. Moore
(197Q provided crystallographic data la 38.43Q), b
11.86, c 2{.61 A, B ll1"16', space group A2/a or
Aal and proposed the formula [KrNa(H2O)aCao.,
(PO3OH)3I[AI3(OH)6(PO4)(PO3OH)13 (Z : 8),
based in part on a suspected structural analogy with
mitridatite. The recent discovery ofa second occurrence of englishite in the Tip Top pegmatite in South
Dakota @unn el al. 1983) prompted a re-analysis
of the original englishite from Utah, which had not
been chemically analyzed in the 53 years since the
original description. The integrity of the type samples of englishite was probably inadvertently com-

standardswereused:montgomeryite(Ca,Al,Mg,P)
and hornblende (Na,K). The sampleswere aualyzed
using a large (50 pm) defocusedbeam-spotafter fhst
establishing chemical homogeneity with a smaller
beam-spot. Water was determined by the Penfield
method. The resultant compositions are presented
in Table l.
Calculation of unit-cell contents, using the crystallographic data of Moore (1976) and a newly determined density of 2.68 g,/cm3 (obtained using
heavy-liquidtechniques)yields, as an averageofthree
analysesof englishite:Nas.$K3.q1(Cae.zsMgo.oe)rs.ss
Alrn.sa(POJ20.n(OHhrf26.IMzO (Z = 4) or, ideally, Na2K3Ca16Alrs(PO+)zr(OH)
t26ltzO. This yields
a calculated density of 2.69 g/cm3, in excellent
agreement with the measured value. The nearconstancy of Na in the Utah material suggeststhat
Na is essentialin englishite. Resultsof the previous
analysis,by Shannon(cl, Larsen& Shannon1930),
are preented in Table I for comparison,but are now
considered highly suspect. The formula of Moore
(197Ois likewiseimprobableinasmuchasthe ratios
of the non-alkali elements are now seen to be
markedly different from thoseproposedby Moore.
Gladstone-Dale calculations, using the optical data
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Falrfleld,

orlginal
results
Al,0r
Feot'
l,lso
Ca0
Kzo
Naa0
Pzo:
Hz0
Total

24.7
0.0
0.0
't4.
t
5.4
37.8
100.1ri

Utah

Tlp Top

16676 R8314 R7834
21.0
0,0
0.2
15.9
4.0
r.6
4t.6

21,3
0.0
0 .t
15.8
4.1
t.5
41.1

22.1
0.0
0.0
14.8
4.0
1.8
42.0

Thsry

Average
of thre

2 1. 5
0.0
0.r
r5.5
4.0
1.6
41.6
l5.lr
99.4

2 t. 8
2t.50
2,5
0.00
0.1
0.00
15.8 16.04
3.6
3.97
0.9
1.74
41.0 4l.88
t4.9* t4.87
100.6 100,00

* - H20 detemlned on a separate sMple; H - H20 fru
thsreilcal
value;
*f - Ideal composltlon for ila2K3caloAlrs(Poq)2r(0H)?.26H,0;
++ - Frcn
La6en and Shannon(1930), after deductlon of 7l varisclte and 2Z mrdite
lopurltlesi
t
Total Fe ass@d as Feo: nlcrcchslcal
tests trere
lnconcl uslYe.

should be made. The first is that in his 1976paper,
Moore proposed a strustural formula for mitridatite involving alunite layers and PO3OIP- ions, and
then usedthat asthe basisfor his englishiteformula.
The proposed mitridatite formula was later
abandonedby Moore & Araki (L977),who showed
by crystal-strucfureanalysisthat mitridatite contains
POo:- ur the only phosphate speciesand that'
althoug?rrelated to alunite, this mineral contains no
alunite-like layers. Secondly, Moore's provisional
formula for englishite wa$ derived from the
analytical data of Larsen & Shannon (1930)for this
mineral, whereasthe new formula proposedherewas
obtainedby modern microanalyticaltechniquesusing
several specimens,all of which gave similar results
that differ from the original data. In our opinie11,
therefore, our new empirical formula for englishite,
in addition to having the virtue of relative simplicity,
is more likely to accuratelyrepresentthe composition
of this complex and still enigmatic mineral.

of Larsen & Shannon (1930) and the newly determined densiry,yield for the averageof the three analysesof Utah englishite,a Kp of 0.213 and a K" of
0.215,usingtle constantsof Mandarino (1981).This
calculation supports the accurary of our analyses.
The englishitc from the Tip Top pegmatite, neax
Custer, South Dakota @unn e/ a/. 1983) is not
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resultant analytical data, given in Table l, to be of
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