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ABsrRAcr

Penikisite is the mapesium analogue of kulanite
and occurs as zones in kulanito-penikisite crystals
which are from the northeastern corner of Yukon
Territory. In appearance and properties penikisite is
very similar to kulanite. The mineral is blue to green,
has a hardness of 4, has two fair to good cleavages
{010} and {100}, D(meas.) 3.79 g/cm9, D(calc,) 3.82
g/cms for Ba(Mgr.orFeo.rrCao.rs)Al:(POJz(OH)g. Peni-
kisite is biaxial (*), na 1.684, np t.688, w 1.705,
2l/(t)-56'(meas.) and 52"(calc.); X grass green, Y
blue green, Z tr,le ptnk, absorption X-Y\Z. Tbe
mineral shows asymmetrical dispersion with strong
dispersion of the optic axes. r))v. Orientztion c:Z=
-6", b:Y but ranges from 0o to 19". Penikisite is
triclinic (pseudomonoclinic), space group PT or P|,
a 8,999, b 12.069, c 4.9214, a-90", p 100"31',
y-90', Z-2, Strongest lines in the X-ray powder
djffraction pattern are: 8.81(60)(100), 3.094(100)
(22t93r). 3.028(60X131), 2.915(80)(211), 2.684
(60X311), and. 2.6494(70) (320).

Sorravrernp

La p6nikisite est I'analogue magn6sien de la kula-
nite. EUe se pr6sente en zones dans des cristaux de
kulanite-p6nikisite qui proviennent du coin nord-
est du territoire du Yukon. Par son aspect et ses
caractdres, la p6nikisite ressemble beaucoup i la ku-
lanite. Sa couleur passe du bleu au vert. Elle possdde
deux clivages assez bons et une duret6 de 4. Ds
(mes.) 3.79, Ds(calc.) 3.82 avec la formule Ba(Mg1.61-
Fe6.sCa6.16)Al2POrs(OH)s. Optiquement, elle est
biaxe positive et pl6ochroique: 1.684 (vert tendre),
1.688 (vert bleu), 1.705 (roso pAJe); absorption
X-Y>Z;2V(t)=56" (mes.), 52' (calc.). Elle mon-
tr€ une dispersion asym6trique, avec forte dispersion
des axes optiques, r))v. On observe c:Z--6o, b:Y
-0 a 19". La p6nikisite est triclinique, pseudomono-
clinique: de gro_upe spatial Pl ou PT; a 8.999, b
12.069, c 4.9214, an9oo, pt00'31" y-90", z-
2. I-es raies les plus intem€s du diagramme de pou-
dro sont donn6es d la fin du sommaire en anglais
(espacement, intensit6, indices do Miller).

(Traduit par la R6daction)
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INtn.oouctroN

Shortly after kulanite, BaFerAlo@On)"(OH)r,
(Mandarino & Sturman 1,976)had been approved
by the Commissi6a on New Minerals and Min-
eral Names, IMA, a second occurrence of the
mineral was found, less than one km from the
first. Detailed study of the new o'kulanite" re-
vealed that the crystals are strongly zoned. The
Mg:Fe ratios vary greatly and parts of some
crystals have Mg)Fe. These Mg-rich zones have
been named penikisite in honor of Mr. Gunar
Penikis who, with Mr. Alan Kulan, discovered
the phosphate occumence in the northeastern
corner of the Yukon. The mineral and name
were approyed by the Commission on New Min-
erals and Mineral Names, IMA. The name is
pronounced pEtii.fisatr. Type material is
preserved in the collections of the Royal Ontario
Museum (ROM No. M34172).

Prrvsrcer- Pnopnnrres

Penikisite has the same general appearance
as kulanite. The penikisite zones are generally
near the edges of kulanite-penikisite crystals.
These zones do not follorr the crystal outlines.
The penikisite zones are easily distinguished
from those of kulanite, which are darker. All
physical, optical, and X-ray measurements were
obtained from material selected under a petro-
glaphic microscope.

Penikisite is blue to green and has a very pale
green to white streak. The mineral is transparent
to translucent, has a vitreous lustre, and is non-
fluorescent under short-wave and long-wave ul-
traviolet light. The hardness is about 4 and there
are two fair to good cleavages {O10} and {100}.
The density measured with a Berman balance is
339 Q) g/cm3. The density calculated for Ba-
(Mgr.o'Feo."sCao.*) A1"(PO.) e(OH)' is 3.82 g/ cm3,
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Oprrcer, Dere

Penikisite is biaxial (*) with na L684(2), np
1.688 ( 2 ), rry 1,.7 O5 (2), 2V (y)- 5 6" (meas. ) and
52,2"(calc.), all in sodium light. Penikisite is
pleochroic with X grass-green, Y blue-green, Z
pale pink; absorption, X-YIZ. The mineral has
very strong asymmetrical dispersion with dis-
persion of the optic axes r))y. The orientation
of the indicatrix is b-Y and c:Z:-6", although
D:Y ranges from 0o to 19o.

Two types of zoning have been observed. One
is a simple color zoning from dark blue to very
pale blue. Microprobe analyses show that the
pale zones have more Mg than the dark zones.
The second type of sening ls more complicated
and consists of zones which have different orien-
tations of the principal vibration direstion Y.
In some zones Y is nearly parallel to D, but in
others the angle b:Y is as large as 19o. The
latter have very strong asymmetrical dispersion
and show anomalous extinction between crossed
nicols. Precession camera films show that the
crystallographic axis D is continuous in all zones
in a crystal. This second type of Zoning does not
seem to be related to the Mg:Fe ratio.

Cnystar,tocnepny

Although penikisite is morphologically and
dimensionally monoclinic, the asymmetrical dis-
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persion indicates lower symmetry, as is the case
with kulanite. Penikisite is triclinic, space group
PT or Pl, a 8.999, b L2.O69, c-4.9214, a-90",
B 100"31', A-90o, V 525.494, Z=2, a:b:c =
O,7 45 6 : I :O.407 7 . T\e unit-cell parameters were
determined by least-squares refinement of the
X-ray powder diffraction data. The powder data
(Iable 1) are almost identical to those of kula-
nite. Intensities of the lines in the X-ray powder
pattern were estimated by eye from several films
prepared with various exposure times. By com-
paring intensities of the stronger lines on films
of shorter exposures, slight differences in in-
tensities were easily observed. Intensities of the
weaker lines were determined from lilms of
shorter exposure. Because penikisite and kulanite
grade into each other in single crystals, the
morphological data for the two minerals are the
same.

Tnnnrrlar- eNp Cnnrutcal- DATA

Simultaneous DTA-TGA showed a weight loss
of. 3.88Vo and an endothermic peak at 1tO"C.
The conditions of the analysis are the same as
thoso given for kulanite by Mandarino & Sturman
(1976) except that the analysis was performed in
an air atmosphere.

Grains of kulanite-penikisite were analyzed
using an Applied Research Laboratories - AMX
electron microprobe, equipped with a Tracor-
Northern NS-880 energy-dispenive spectrome-
ter. Operating conditions were: accelerating volt-
age, 15 kV; sample current, about 1.5 nano-
amperes; beam diameter, about 2 microns. Over-
lapping spectra were untavelled with a rnultiple
least-squares fitting technique Grrogram ML,
written by F. Schamber, Tracor-Northern Ltd.).
In order to use this analytical method, it is
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A
I

Grai
B

orai n

3 4

Gral n'D

s  6  7  I  9  r 0

ilgo

Ca0

Mn0

Fe0

Ba0

A120

Pzos
Hzo

1 . 0

4 , 6

0 . 1

0 .4

1  6 . 9

36.8

5 . 9  6 . 0

0 .1  0 .0

12.9 12,8

24.7 24.5

16.9 17.2

6 , 5  6 . 1  5 . 5  6 . 7  5 . 4  6 . 4

] . 4  L 3  L l  0 . 0  0 . 0  0 . 2

0 . 0  0 . 4  0 . 2  0 . 1  0 , 5  0 . 3

9 .5  f0 .1  l l ,8  12 .8  14 ,7  12 .0

24.9 24,5 24,2 24.8 24.3 24.7

1 8 . 0  I 7 . 5  1 7 . 5  1 6 . 5  l 6 ,  l  1 6 , 8

37.1 36.4 36,2 36.7 36.7 36,7

3 . 93 . 9

TotaI l 0 t . 101 ,70 1 . 4  1 0 1 , .3  100.3  100.4  101.5  101.6  101.0

lz0 by th€mgravlmtrlc analysls. other constituents by eletrcn
nicrcprcbe.Gulnler @rera' Curo radlatlon, lntensltles estlmited vlsublly



PENIKISITE, THE MAGNESITIVI ANALOGUE OF KULANITB 395

nece$sary to have standard reference $pectra
which are free of overlapping peaks. The follow-
ing standards were used as analytical as well as
spectral standards: Mg(MCO), Al(AlOs), P(Caz-
POz), Ca(CaAlzSi:Oe), Mn(Mn), Fe(FezSiOa),
Ba@aAlaSLOs). Apparent concentrations were
corrected for absorption, secondary fluorescence,
and atomic-number effects using a general ZAF
program, TAPEEMX 2 (Dep. Geol. Sci., Queen's
University).

Twenty-eight analyses were made of zoned
kulanite-penikisite crystals. Of these, ten were
considered acceptable (Iable 2) on the basis that
the totals (including 3.9 wt. Vo HeO determined
by thermogravimetric analysis of the bulk sam-
ple) were between 98.2 and 101.8 wt. Vo, Ta-
ble 3 shows the number of ions calculated on
the basis of 15 oxygen ions for each analysis.
Tko of the analyses have Mg dominant and
eight have Fe dominant. Thus, the analyses rep-
resent two penikisite compositions and eight
kulanite compositions. Table 3 gives the Mg:Fe
ratios as well as the numbers of ions of Mg Ca,
Mn, and Fe based on a total of 2.00. The formu-
la calculated from the data of analysis 5 is:
Bae.s6 (Mg.e5Feo.r€ao.ro) p=1.s6Al2.6ePs.6sOu.44 (OH)e.".
or, ideally,

Ba(Mgr.o'Feo.escao.1u)> =rAlu(PO.)' ( OH) r.
The specific refractive energy of penikisite

calculated from analysis 5 is 0.179. The constant
calculated from the refractive indices and the
measured density is 0.183.
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