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Surite: Its Structure and Properties
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ABSTRACT

Surite has been reported to be a mineral that intercalates cerussite-like materials in a
smectite interlayer. However, the chemical analysis and infrared absorption spectra indicate
that the interlayer material has the composition of Ca0.5OH·2PbCO3. A one-dimensional
Fourier synthesis of electron density for acid-treated surite shows that the 2:1 layer of
surite has the structure of a general smectite (the distance between the Si plane and the
apical O atom plane is about 1.6 Å). Moreover, the one-dimensional Fourier synthesis
method showed that the crystal structure of surite is a 2:1 dioctahedral smectite interlayered
with basic lead calcium carbonate.

INTRODUCTION

Surite is a naturally occurring clay-inorganic complex,
and its only reported occurrence is the Cruz del Sur mine,
Argentina. Hayase et al. (1978) reported that the structure
of surite is based on a cerussite-like layer intercalated
with a 2:1 layer of smectite. However, in their structural
model the distance between the Si plane and the apical
O atom plane in the tetrahedral sheet is assumed to be
1.97 Å, which is 0.35 Å longer than that in smectites (Fig.
1).

Kampf et al. (1992) described ferrisurite, an Fe31 an-
alog of surite, and suggested that the structure of surite
and ferrisurite probably consists of smectite-like layers
between which are cerussite-hydrocerussite–like regions
of variable composition.

Hayase et al. (1978) assumed that Ca replaces Pb in
the interlayer of surite based on the results of wet chem-
ical analysis. However, the cations were distributed so
that the entire positive charge in the interlayer became
0.33, based on the composition of cerussite, and an ex-
cessive amount of calcium was excluded as an impurity.

In this study, a thin section of surite was reanalyzed
by an electron microprobe analyzer (EMPA). The analyt-
ical data reveal that most of the Ca is included in the
interlayer, which suggests that Ca plays an important role
in building the structure of the surite interlayer. On the
basis of this observation, the results of recalculation of
the crystal structure showed that surite has a 2:1 layer-
type structure (Si-O bond distance 5 1.62 Å) and its in-
terlayer material is calcium lead carbonate hydroxide,
closer in composition to hydrocerussite than to cerussite.

EXPERIMENTAL METHODS

Sample preparation

To determine the 2:1 layer structure of surite, the in-
terlayer materials were removed using the following

methods. Surite was treated with 0.36% HCl solution at
room temperature for two days and then washed with
distilled water. The residue was then dispersed in 1 N
CaCl2 solution and stirred using a magnetic stirrer for 24
h. The products were separated centrifugally from the so-
lution, washed five times with distilled water, and then
the exchangeable cations in the interlayer were complete-
ly exchanged with Ca ions.

Untreated surite and the residue of the acid-treated
sample were dispersed in distilled water by ultrasonic vi-
bration. The suspensions were then dropped onto glass
slides. These oriented samples were used for XRD mea-
surement for the one-dimensional Fourier synthesis of
electron density.

A thin section of surite was prepared for EMPA, and
it was also used for X-ray microdiffraction analysis after
the conductive carbon coating was removed with ethanol.

Analytical methods

X-ray powder diffraction was performed using a Ri-
gaku Geigerflex RAD-RC diffractometer with graphite-
monochromatized CuKa radiation (55 kV, 200 mA). Syn-
thetic fluorophlogopite mica (Standard Reference
Material 675, National Bureau of Standards) was used as
the external standard. Each reflection of surite was in-
dexed, and the unit-cell parameters were refined using the
program by Appleman and Evans (1973) modified and
improved for an NEC PC9801 personal computer. To
identify the minerals analyzed with the EMPA, an X-ray
microdiffraction procedure was carried out using a Ri-
gaku Micro Diffractometer Ru-2001PSPc/MDGPMA
with V-filtered CrKa radiation (40 kV, 200 mA). Trans-
mission electron microscopy (TEM) was performed on a
Philips CM30 at an accelerating voltage of 300 kV.

Chemical analysis was carried out using an energy-
dispersive analysis system (Tracor Northern TN5400 EDS


