
11110003–004X/98/0910–1111$05.00

American Mineralogist, Volume 83, pages 1111–1116, 1998

Gordaite [Zn4Na(OH)6(SO4)Cl·6H2O]: Second occurrence in the
Juan de Fuca Ridge, and new data*

LUTZ NASDALA,1,† THOMAS WITZKE,2 BERND ULLRICH,3 AND ROBIN BRETT4

1Institute of Theoretical Physics, TU Bergakademie Freiberg, 09596 Freiberg/Sa., Germany
2Institute of Geosciences, Martin Luther University, 06108 Halle/Saale, Germany

3Institute of Ceramic Engineering, TU Bergakademie Freiberg, 09596 Freiberg/Sa., Germany
4U.S. Geological Survey, Reston, Virginia 20192, U.S.A.

ABSTRACT

A hydrous zinc- and sodium-rich hydroxy-chlorosulfate, discovered in a sulfide sample
collected by the Deep Sea Recovery Vehicle (DSRV) Alvin in 1984, is identified as gor-
daite, Zn4Na(OH)6SO4Cl·6H2O, recently described as a new mineral species from Antofa-
gasta, Chile. Results of re-examination of the original Alvin dive sample from the Juan de
Fuca Ridge, northeastern Pacific Ocean, and additional data on gordaite, including vibra-
tional and luminescence spectroscopy, X-ray diffractometry and thermal analysis, are
presented.

INTRODUCTION

A sulfide chimney sample, collected by the Deep Sea
Recovery Vehicle (DSRV) Alvin during a series of dives
by U.S. Geological Survey geologists on the southern
Juan de Fuca Ridge, was studied by Brett et al. (1987)
who found, among other minerals, tiny white flakes of a
hydrated Zn-rich hydroxy-chlorosulfate. Results of X-ray
diffraction and energy-dispersive electron microprobe
analyses led to the conclusion that this substance was a
new mineral, identical to synthetic Zn12(OH)15(SO4)3Cl3·5
H2O (cf. MacEwan et al. 1966). However, neither the Al-
vin dive sample nor the synthetic material provided crystals
large enough for single crystal structure determination.

Large, well shaped crystals (size up to about 0.7 mm)
of a secondary phase, formed by weathering of Zn-rich
slags from copper smelting, were found at a copper slag
dump near Hettstedt, Mansfeld region, Germany (Witzke
and Pöllmann 1996). Because the diffraction pattern of
these crystals matches very well with the X-ray diffrac-
tion patterns of the two phases mentioned above, all three
substances appear to be identical. One crystal from the
Hettstedt material was subjected to detailed structure de-
termination by Zhu et al. (1997). These authors found
strong crystallographic evidence for the presence of Na
in the structure, which was later analytically confirmed,
and determined the chemical formula as Zn4Na(OH)6

SO4Cl·6H2O (two formula units per unit cell).
Schlüter et al. (1997) were the first to propose the hy-

drous zinc sodium hydroxy-chlorosulfate, found on a
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sample from Antofagasta, Sierra Gorda, Chile, as a new
mineral species. These authors recently described the
mineral as gordaite and pointed to its probable identity
with the unnamed mineral discovered by Brett et al.
(1987). In the present work, we re-examine the original
material from the Juan de Fuca Ridge and present some
additional data on gordaite.

SAMPLE ORIGIN AND DESCRIPTION

Gordaite was collected during Alvin dive 1457 on Sep-
tember 18, 1984. The sample ALV 1457-5R is from the
Juan de Fuca Ridge, northeastern Pacific Ocean (1308 229
340 West, 448 389 530 North), roughly 330 km west of the
Oregon coast, at a depth of about 2200 m (cf. Normark
et al. 1987). After re-examination, two pieces of the orig-
inal sample (which contain about one half of the original
sulfide chimney sample) were deposited in the mineral-
ogical collection of Bergakademie Freiberg. The sample
numbers are 77029 (U.S.G.S. sample number ALV 1457-
5RA, base of chimney) and 77030 (ALV 1457-5RC, side
to top of chimney).

The sample is a cone-shaped segment of a sulfide
chimney, 32 cm in height and 12 cm (base) to 5 cm (top)
in diameter, having a weight of 2.5 kg. The segment pre-
dominantly consists of porous sulfides (98%; mainly FeS2

and sphalerite-wurtzite with very minor chalcopyrite) and
sulfates (2%). The sample shows a concentric layering,
which is defined by concentrations of pyrite (particularly
in the core region) and variations in pore space. Narrow
tunnelways and cavities oriented parallel to the longitu-
dinal axis of the chimney occur preferentially in the core
region. Fibrous layers with a thickness of less than 1 mm
and consisting of amorphous silica, which is probably
biogenic in nature, are observed in outer regions subpar-
allel to the chimney walls. The outside walls are coated


