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ABSTRACT

Deposition of two anhydrous sulphate-carbonate minerals, burkeite and hanksite, around a vapour
escape in the pipe of a geothermal well of the Copahue field in Argentina is described. These minerals
usually occur as efflorescences in saline soils or in continental lacustrine evaporite deposits, but have
not been reported as products from geothermal fluids. Both minerals have been studied by means of
X-ray diffraction, scanning electron microscopy and electron dispersive energy, and thermo-gravimetric
analysis, and have been determined as burkeite, Na6(CO3)(SO4)2, and hanksite, KNa22(SO4)9(CO3)2Cl.
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Introduction

THE object of this work is to determine the

mineralogy of the material precipitated as

concretions deposited from vapour in the pipe of

geothermal well COP-2, in the Copahue

geothermal field. This material forms on a

substrate of an anhydrous sodium sulphate-

carbonate, namely burkeite (Na6 (CO3)(SO4)2),

with a very subordinate quantity of hanksite �
KNa22(SO4)9(CO3)2Cl.

Burkeite and hanksite are very soluble minerals

and are found commonly as efflorescences in

saline soils of desert areas or as crystals, often

euhedral, in continental lacustrine evaporite

deposits, where they are some of the latest

phases to form (Anthony et al., 2003). However,

there is no published record of their formation

from geothermal fluids, as occurs at Copahue.

The Copahue geothermal field is located in the

west of Neuquén Province, approximately

37º30’S, 71º10’W, on the border with Chile. It is
~70 km to the northwest of the town of Loncopué

and 200 km from the city of Zapala, along

Provincial Route Nº 231 (Fig. 1). Four deep

wells have been drilled in this geothermal field,

in an area located ~6 km to the NE of Copahue

Volcano. These wells confirm the presence of a

vapour-dominant type reservoir at a depth of more

than ~800 m. The four wells constitute an area of

1 km2, located on a WNW–ESE fault system that

links the Chancho Co geothermal centre in Chile

with Las Máquinas in Argentina.

Geology

The Copahue Geothermal Field is a volcanic

complex of Tertiary–Quaternary age, located in a

large caldera (15 km620 km). A characteristic

geomorphological feature is the presence of small

basins, formed by the differential erosion of the

hydrothermally altered areas. These areas consti-

tute the active geothermal centres Termas de

Copahue, Las Máquinas, Las Maquinitas and El

Anfiteatro, in Argentina and Chancho Co in Chile

(Fig. 2) (Mas et al., 1996). The active centres are

closely related to the faulting structures of the

area, since the faults provided passages for the

geothermal fluids. The relationship of the regional

fault systems with both surficial geothermal
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manifestations and the presence of subsurficial

geothermal fluids was confirmed during the

development of the exploration wells. Mas et al.

(2000) pointed out that there is a direct correlation

between the highest values of heat flow and the

principal structures of the area. The best example

is the fault that connects the hot springs of

Chancho Co (Chile) with the Las Mellizas

lagoons, the geothermal centre of Las Máquinas,

La Escondida waterfall and the northern side of

the Agrio Lake.

Mineralogy

Burkeite, with minor hanksite, has precipitated as

a stalactite concretion around an escape of

geothermal vapour on the exterior of a pipe of

the geothermal well COP-2. The translucent-to-

opaque vuggy masses of the material exhibit a

massive habit and form large uniform masses and

irregular protuberances over the surface. The

lustre is vitreous to greasy, the hardness is 3.5,

and the fracture is brittle and conchoidal.

FIG. 1. Location map of the Copahue geothermal field.
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This material was analysed by optical micro-

scopy, X-ray powder diffraction (XRD), scanning

electron microscopy (SEM), dispersive X-ray

spectroscopy and thermal analysis.

Optical microscopy

Burkeite is seen as thin, colourless, pseudo-

hexagonal sheets under transmitted light, with

low refractive indices and negative biaxial optic

character. Hanksite appears as tiny, colourless,

length-fast fibres of negative uniaxial character.

XRD

The material from Copahue was identified by

powder XRD analysis using a Rigaku Dmax IIIC

automatic powder diffractometer with JADE v.7

analysis software. Monochromatic Cu-Ka1 radia-
tion was used, the Ka2 contribution being

removed by a graphite monochromator. The

powder XRD patterns were collected over a 2y
range of 3º to 60º, with a step size of 0.02º and a

counting time of 1 s per step. Silicon was used as

external standard material. The minerals were

identified by comparing the powder patterns

FIG. 2. Location map of the Copahue, Anfiteatro, Las Máquinas, Las Maquinitas and Chancho Co geothermal centres

and the COP-1, COP-2, COP-3 and COP-4 deep wells. After JICA-EPEN (1992).

TABLE 1. Cell refinement of burkeite from Copahue.

PDF Copahue PDF Copahue PDF Copahue
85-1731 85-1732 85-1733

a (Å) 5.17 5.166 (5) 5.177 5.167 (5) 5.1653 5.165 (9)
b (Å) 9.217 9.192 (7) 9.224 9.192 (7) 9.255 9.23 (1)
c (Å) 7.058 7.068 (8) 7.066 7.068 (8) 7.085 7.05 (1)
V (Å3) 336.33 335.68 337.42 335.68 380.84 336.48
C/S 0.61/1.39 = 0.44 0.55/1.45 = 0.38 0.5/1.51 = 0.33

C/S: carbonate:sulphate ratio
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obtained with those in the ICDD JCPDS powder

diffraction files (PDF). Table 1 shows the cell

refinement of the mineral from Copahue vs. three

burkeites with different carbonate/sulphate ratios

(JCPDS: PDF 85-1731, 85-1732 and 85-1733).

SEM

A JEOL JSM 35CP SEM equipped with a thin-

window probe was used to examine the crystal

morphology. This microscope has accelerating

voltages ranging from 0.5 kV to 30 kV. The SEM

system also included an energy-dispersive X-ray

spectroscopy (EDXS) system for the chemical

composition control. The SEM images show the

presence of two different superimposed materials,

of which the most abundant forms a substrate of

tabular crystals 0.5 mm63 mm68 mm in size, on
which lie sheaves of thin and elongate crystals

(5 mm long) with hexagonal section. The SEM

micrographs and EDX spectra of the burkeite and

hanksite samples are shown in Figs 3 and 4,

respectively.

The chemical compositions of the minerals

were determined by energy-dispersive micro-

probe analysis incorporated in the electron micro-

scope. The EDX spectrum of Fig. 3 corresponds

to the tabular mineral of the substrate, and it

FIG. 3. SEM image of burkeite. The white arrow indicates the point of the EDX analysis (shown right).

FIG. 4. SEM image of hanksite. The white arrow indicates the point of the EDX analysis (shown right).
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indicates the presence of Na, S, C and O, while

the EDX spectrum of the fibrous radiating sheaves

(Fig. 4) shows the peaks of C, S, Cl, O, Na and K.

The elements identified in the EDX spectrum

coincide with the mineral determination carried

out by powder XRD.

Thermal analysis

The thermo-gravimetric (TG) and differential

thermal analyses (DTA) of the samples are

shown in Fig. 5. A small endothermic signal

occurs at 140ºC and two others at 570 and 640ºC.

Finally an area of intense interference is

observed between 730 and 770ºC. The

endothermic effect at 140ºC can be attributed

to the polymorphic transition of carbonate

(Mackenzie, 1982), with sintering of the material

at 470ºC. The sudden signal at ~712ºC would be

caused by the carbonate fusion, accompanied by

an explosive loss of CO2. The endothermic effect

at 570ºC, accompanied by a weight loss in the

TG curve, probably corresponds to the loss of

SO3, as anhydrous alkaline and alkaline-earth

sulphates decompose with SO3 loss at tempera-

tures >500ºC.

Discussion

The mineralogical analysis of the material found

in well COP-2 confirms that it is predominantly

burkeite, with associated minor hanksite. It has

long been recognized that crystallization from

aqueous solutions containing sodium carbonate

and sodium sulphate can produce burkeite

(Palache et al., 1951; Anthony et al., 2003).

Burkeite crystals are orthorhombic, having the

nominal stoichiometry Na2CO3·2Na2SO4, and

form at temperatures >100ºC.

Shi and Rousseau (2003) described the

variations observed in this double salt composi-

tion, in the sulphate (S), burkeite (B) and

carbonate (C) regions as a function of solution

composition, at an experimental temperature of

115ºC. They found that most of the data in the

burkeite region indicate that sodium sulphate was

more readily accommodated in the crystal

structure than sodium carbonate, and the

CO3:SO4 ratios in the crystals were all <1:1.

The cell refinement of the mineral from Copahue

vs. three burkeites with different sulphate/

carbonate ratios (Table 1) indicates that the cell

has a ratio near the theoretical 2:1.

FIG. 5. TG, DTG and DTA of burkeite and hanksite.
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Mas (1993) pointed out that the gaseous phase

of the geothermal fluid in the different wells and

fumaroles of the Copahue area had a vapour: gas

ratio of ~95:5 by volume. The gas is predomi-

nantly CO2 (>90% of the total), with a variable

(but generally small) H2S content (~1%); boron,

which varies between 1 mg/l in COP-2 and

<0.1 mg/l in COP-1; and even smaller quantities

of N2, Ar, H2, He, CH4, and other gases. Panarello

(2002) pointed out that the vapour phase has 2H

and 18O isotopic relationships that coincide

closely with the average line for meteoric water

while the 13C, N2, Ar and He analyses

characterize the origin of geothermal gases as

predominantly magma-derived. A fluid such as

this, which condenses on its way to the surface,

crystallizes burkeite and hanksite rapidly under

conditions favoured by the intense heat that the

flow of overheated fluid produces along the pipes.

The high geothermal gradient and arid climate

stimulate the precipitation of these soluble

minerals.
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Copahue, Provincia de Neuquén, Argentina. Revista

de la Asociación Geológica Argentina, 51, 78�86.
Mas, L.C., Mas, G. and Bengochea, L. (2000) The heat

flow distribution and its relation with the tectonic

scheme of the Copahue Geothermal Field. World

Geothermal Congress 2000, Japan, 419�424.
Palache, C., Berman, H., and Frondel, C. (1951) Dana’s

System of Mineralogy (7th Edition), v. II, 633�634. J.
Wiley & Sons, Inc., New York..

Panarello, H.O. (2002) Caracterı́sticas isotópicas y

termodinámicas de reservorio del campo geotérmico
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