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Abstract
New discoveries of kuksite, Pb3Zn3Te6+P2O14, from the Black Pine mine, Montana, and Blue Bell
claims, California, have enabled a detailed crystal-chemical study of the mineral to be undertaken.
Single-crystal X-ray structure refinements of the structure indicate that it is isostructural with dugganite,
Pb3Zn3Te6+As2O14, and joëlbruggerite, Pb3Zn3(Sb5+,Te6+)As2O13(OH,O). Kuksite from the Black Pine
mine crystallizes in space group P321, with unit-cell dimensions a = 8.392(1), c = 5.204(1) Å, V =
317.39(8) Å3, and Z = 1 (R1 = 2.91% for 588 reflections [Fo > 4σF] and 3.27% for all 624 reflections),
while Blue Bell kuksite has the unit cell a = 8.3942(5), c = 5.1847(4) Å, and V = 316.38(4) Å3 (R1 =
3.33% for 443 reflections [Fo > 4σF] and 3.73% for all 483 reflections). Chemical analyses indicate
that solid-solution series exist between kuksite, dugganite, and joëlbruggerite. Raman spectroscopic
and powder X-ray diffraction data are also presented for samples from both occurrences.
The crystal structure of the chemically related species yafsoanite, (Ca,Pb)3Te6+
2 Zn3O12, from the type
locality (Delbe orebody, Kuranakh Au Deposit, Aldan Shield, Saha Republic, Russia), has been refined
to R1 = 2.41% for 135 reflections [Fo > 4σF] and 3.68% for all 193 reflections. A garnet-type structure
has been confirmed and significantly improves upon the results of an earlier structure determination.
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orebody, crystal structure

Introduction
Tellurium minerals occur in a wide range of environments
worldwide, where primary sulfides and sulfosalts have undergone
weathering under acidic conditions. Tellurium mineralogy tends to
be complex, owing to the various oxidation states possible (Te6+,
Te4+, Te0, and Te2–), which then tend to combine to create many
exotic mineral species. Investigations of tellurium mineralogy at
the Black Pine mine, 14.5 km NW of Philipsburg, Granite County,
Montana [U.S.A. (46°26′52″N, 113°21′56″W)], and the Blue
Bell claims, Baker, San Bernardino County, California [U.S.A.
(35°14′38″N, 116°12′25″W)], resulted in the discovery of several
rare and new tellurate species. One of these rare tellurates, kuksite,
Pb3Zn3Te6+P2O14, is the subject of this report.
Kuksite is an extremely rare mineral that previously has only
been described from its type locality, the Delbe orebody within the
Kuranakh Au Deposit, Aldan Shield, Saha Republic, Russia (Kim
et al. 1990). Here it occurs as elongated tabular gray crystals up to
0.1 × 0.3 mm with cinnabar, gold, petzite, coloradoite, yafsoanite,
kuranakhite, cheremnykhite, descloizite, dugganite, and saponite.

Occurrence and paragenesis
Black Pine mine
Kuksite and associated material was collected in the spring of
1993 by John Dagenais of Vancouver, British Columbia, Canada.
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Kuksite occurs with malachite, pseudomalachite, chalcocite,
tetrahedrite, segnitite, dugganite, and joëlbruggerite in milky
quartz veins. Kuksite crystallized from solutions rich in Pb, Zn,
Sb, As, P, and Te derived from the breakdown of the primary
ore body within the Mount Shields Formation (Peacor et al.
1985; Mills et al. 2009). The tellurium is present in the ore as a
substituent in tetrahedrite, a common association in many other
deposits (e.g., Fadda et al. 2005). Thermodynamic modeling
suggests that kuksite formed in mildly oxidizing [log aO2(aq)
> –41] and acidic conditions (pH < 3), as required for other
unique Black Pine minerals such as joëlbruggerite (Mills et al.
2009) and auriacusite (Mills et al. 2010). Synthetic analogues of
kuksite can be prepared at >500 °C by solid-state methods (Mill’
2009a, 2009b); however, natural samples have almost certainly
crystallized at ambient (~25 °C) temperatures.
Blue Bell claims
Although the Blue Bell mine has been a well-known collecting locality for micro minerals at least since 1977 (Crowley 1977)
and 45 minerals from there were described in detail by Maynard
(1984), the first tellurate mineral described from the mine,
quetzalcoatlite, was collected by one of the authors (R.M.H.)
in March of 1996. Shortly following news of this find, kuksite
was found in a single Blue Bell specimen submitted to R.M.H.
by Eugene Reynolds. These finds were promptly documented
in a regional publication (Housley 1997), although the quetzal-

