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Abstract

Surire, Pb(Pb,Ca),, ,(COr)r(Al,Fe,Mg)dSi3.,Al0s3)O,o(OH), is a new clay-mineral species
occurrlng as compact aggregates in the oxidation zone of the lead-zinc-copper deposits of the
C r u z  d e l  S u r  m i n e ,  A r g e n t i n a .  S u r i t e  i s  m o n o c l i n i c ,  a  :  5 . 2 2 , b : 8 . 9 7 ,  c :  1 6 . 3 4 ,  P : 9 6 . 1 ' ,
Z = 2; the space group is possibly P2,. Color white, luster glossy like talc; streak white,
cleavage perfect {001}. Hardness (Mohs) 2-3, density (g/cms) 4.0 (meas). Optical ly ani-
sotropic, colorless in thin section; refract ive indices a : 1.693(2), t  :  1.738(2); paral lel
ext inct ion and posit ive elongation. The wet-chemical analysis gave SiOr 23.58, Alr0s11.27,
Fe,O,0 .41 ,  CaO 4 .75 ,  MgO 1 .29 ,  K ,O none,  Na,O 0 .77 ,  H,O+ 3 .33 ,  H,O-  0 .39 ,  PbO 45.32 ,
CUO 0.07, CO"9.45, sum 100.63 percent. The X-ray powder pattern is characterized by a 16,4
reflect ion and i ts integral series to the l l th order. These ref lect ions do not expand upon
ethylene glycol treatment. The X-ray powder study and chemical analysis of the dried acid-
treated residue showed that this residue corresponds to a dioctahedral smectite. DTA-TG
curves in air show an endotherm around 600' accompanied by weight loss, two exotherms at
about 700o and 800',  and an endotherm in the 700-800oC region. The two exotherms are not
recognized in nitrogen. IR-spectra are composed of the absorption bands of a si l icate and
carbonate. The structure of suri te is based upon a cerussite-l ike layer with vacant si tes for Pb
intercalat ing with a 2:1 si l icate layer similar to dioctahedral smecti te. The name is for the
local i ty.

Introduction

The new mineral has been found in the oxidation
zone ofthe lead-zinc-copper deposits ofthe Cruz del
Sur mine, Argentina. Mineralogical investigation in-

1 Died on March 17,1977
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dicated that the mineral is a new Pb-rich layer sil i-
cate. The name of the mineral derives from the mine.
The species and name have been approved by the
Commission on New Minerals and Mineral Names,
I M A .

The type specimen is preserved at Institute of Earth
Science, School of Education, Waseda University.
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Table l. Chemical compositions of surite and its residue after
treatment with hvdrochloric acid

( 2 ) -

patterns of some samples, weak reflections due to
impurities such as kaolinite, cerussite, and quartz are
discernible.

Optical properties

Thin-section study revealed that the mineral con-
sists of aggregates of tabular lath-shaped crystals
with good cleavage parallel to the elongation, which
shows positive sign. The refractive indices measured
by the oil-immersion method are as follows: a :
1.693, 7 : 1.738 (+0.002); 'y-d : 0"045-0.047. These
values are much lower than those of cerussite and
higher than those of common clay minerals.

Chemical composition

The chemical composition is given in Table l. The
CO, analysis was performed as follows: HCI was
added to the sample powder and the CO2 produced
was passed into l0 percent BaCl, solution (with am-
monia). The BaCO, precipitate was filtered, dried
and weighed. From the weight, the content of COz
was calculated. The residue after treatment with HCI
was dried at ll0oC and analysed (Table 1). This
treatment completely removes PbO and COr, and the
composition of the residue is close to that of a mont-
morillonite mineral. The chemical composition
shows that the mineral can be regarded as a 2'.1
dioctahedral smectite interlayered with lead carbon-
ate.

Electron-optical investigation

Scanning electron micrographs show aggregates of
flaky crystals (Fig. I ). The electron diffraction pat-
tern of a crystal with its (001) plane on the substrate
consists of distinct spots in hexagonal symmetry [Fig.
2(A)1. Electron diffraction of polycrystalline aggre-
gates gave several powder rings, as shown in Figure
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Mode of occurrence

The Cruz del Sur mine is situated at about 42 km
ESE of Los Menucos, Rio Negro province, Argen-
tina (40o50'S, 68'07'W). The lead-zinc-copper de-
posits occur as fissure-fil l ing veins, l-5 m wide,
N35'E in strike and almost vertical in dip, at the
boundary between andesite and rhyolite. The veins
have been exploited only about 60 m along the strike
and about l5 m along the dip in the oxidation zone.
The oxidation zone contains many secondary miner-
als such as cerussite, anglesite, malachite, azurite,
atacamite, paratacamite, mottramite (Hayase and
Dristas, 1972), wulfenite, vanadinite, chalcocite,
digenite, limonite, opal, galena, hematite, calcite, and
gypsum. Almost all parts of the oxidation zone are
stained reddish-brown with iron oxide and hydroxide
minerals. Wall rocks have suffered sericitization,
chloritization, and carbonatization. Surite is found as
compact aggregates occurring in veinlets, 50 mm in
maximum thickness, in the oxidation zone.

Macroscopic properties

The compact aggregates are heavy, white to pale
green, and are glossy like talc. Hardness is 2-3. The
powdered mineral effervesces in 0.75 percent HCI at
room temperature; HCI treatment at room temper-
ature for 7 days produces a gel-like residue about 40
percent by weight of the original material. Micro-
chemical tests showed a large amount of lead in the
filtrate. The measured density is 4.0 g/cm', much
higher than that of common silicate minerals and
lower than that of cerussite.

Preliminary X-ray diffraction analysis revealed a
strons 16,4' reflection and its hieher orders. In the

( 1 )
( 2 )

Fig. l. Scanning electron micrograph of surite.
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Fig. 2. Electron diffraction patterns from oriented crystal deposits on a colloidal membrane. (A) A crystal (normal to the specimen
substrate); (B) polycrystalline aggregates (normal to the substrate); (C) oblique texture pattern obtained from the specimen substrate
tilted 4O' from normal.

2(B). The ftk indices and spacings, calibrated with the
patterns of gold, are given in Table 2(I). The speci-
men substrate was tilted to give an oblique-texture
pattern tFig. 2(C)1. The monoclinic lattice parame-
t e r s ,  d  :  5 . 2 2 ,  b : 8 . 9 7 , c :  1 6 . 3 A , P : 9 6 . 1 o ,  c o u l d
be determined on the basis of the spacings and in-
dexing of these rings and arcs with aid of the X-ray
powder-diffraction pattern. The parameters are cal-
culated from the following three factors: (a) csinp :
16.2A,,obtained from the X-ray powder pattern; (b)
asin! : 5.19, b : 8.974, obtained from the electron
diffraction rings [Table 2(I)]; and (c) d(lll) : 4.32A,
obtained from an arc in the oblique-texture pattern
[Table 2(II)].

X-ray powder-diffraction pattern

Most reflections in the diffraction pattern (Table 3
and Fig. 3) can be indexed as an integral series of
basal reflections corresponding to a spacing of 16.2A
up to the I lth order (1.470,4.), and some peaks can be
indexed as prism reflections of a phyllosilicate with d
: 4.48 (110,020), 2.590 (200,130), 2.247 (203,220),
1.697 (310,240,150), and 1.497 (330,060). Some ex-
tremely weak and broad peaks are also discernible.

Table 2. Indices and spacings obtained from electron diffraction
Datterns of oblioue textures

hk indices dobs(A) hkl  dobs(A) dcalc(A)

Treatment with ethylene glycol does not cause dis-
cernible changes in intensities and spacings ofoverall
peaks. The pattern does not display the characteristic
reflections of cerussite. With a two-dimensional or-
thogonal lattice, the unit-cell parameters are a :
5.17, b :  8.97,d(001) :  16.24.

The microscopic and electron optical studies
strongly suggest that the material is monomineralic
and free from impurities. The residue was dried at
room temperature and its X-ray. diffraction pattern
agrees with that of a smectite (Fig. 3). The 13.64

Table 3. X-ray powder difraction data for surite
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relatioe intensities obtained by appTying the slit-
corv'ection
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Fig. 3. X-ray diffraction patterns of surite. (a) Untreated,
natural state; (b) the residue obtained from the sample powder
pretreated with 0.75 percent hydrochloric acid, air-dried, filtrated;
(c) the residue treated with ethylene glycol.

peak clearly expands to 17.64' after treatment with
ethylene glycol (Fig. 3).

Heat effects

Heating below 550'C does not cause discernible
changes in spacings and X-ray intensities (Fig. 4). At
550oC, all X-ray peaks are weakened without notice-
able changes in spacings. At 650'C all peaks have
disappeared and a broad rise at around3.2A appears.
Weak peaks from the heating product are discernible
at 800"C. With the temperature rise in the region of
450"C or higher, the color of the sample turns to pale
yellow, greenish-yellow, to green, probably due to the
oxidation of lead ions. In the region of 650'C or
higher, the sample tends to solidify, probably by par-
tial fusion of a lead compound in the sample.

DTA and TG curyes

DTA and TG curves simultaneously obtained are
shown in Figure 5. As shown in Figure 5(a), the DTA
curve of the sample in air has a sharp endothermic
peak (A) at about 600o; two exothermic peaks, one
(B) at about 700o and the other (C) at about 800';
and an endothermic peak (D) in the 700-800oC re-
gion. In the DTA curve of the sample in nitrogen, the
two exothermic peaks (B) and (C) have disappeared
and the endothermic peaks (A) and (D) remain be-
hind, accompanying an inflection at about 800'C
[Fig. 5(b)]. The (A) peak accompanies a clear weight
loss. Gas analysis performed with nitrogen flowing at
the temperature of (A) peak detected the evolution of
CO, (not CO). The two exothermic peaks could not
be assigned; they may be due to the oxidation of Pb
ions at dehydroxylation stage of the 2: I layer. The
DTA and TG curves of surite are quite different from
those of cerussite IFig. 5(e)]. The peak temperature of
the endothermic peak due to the evolution of COr,

i.e. the disintegration of the carbonate structure, is
about 300'C higher in surite than in cerussite. This
may be due to the carbonate layer being bound in the
interlayer region of the 2: I layer. The DTA and TG
curves of the residue agree with that of a smectite,
showing a clear dehydroxylation peak at about
700"C [Fig. 5(c)]. For the sake of comparison, the
DTA and TG curves of montmorillonite (a dioctahe-
dral aluminum smectite) from Aterazawa. Yamasata
Prefecture, are shown in Figure 5(d).

Infrared absorption spectra
The absorption bands (Fig. 6) at 1430,840, and

690 cm-' are assigned to carbonate, and a broad
band at about 1000 cm-1 to silicate. Below 550"C,
overall absorption bands do not suffer discernible
changes in intensities and wave-numbers. At 650oC,
they become weak and broad without discernible
changes in wave-numbers. At 800oC, the bands at
840 and 690 cm-'have disappeared but those of 1430
and 1000 cm-l become broader but are stil l dis-
cernible, whereas X-ray peaks have entirely dis-
appeared. At 1000"C the 1430 cm-r band has dis-
appeared, and the 1000 cm-l band remains as a very
broad peak. This suggests that the carbonate com-
ponent decomposes prior to the silicate component.

(a)

(b)

( c )

(d)

(e )

( f )
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r t r t r t t l

( a )

(b )

rt

8

^/L
4,-.L44F 

-*4%-

r l r l r l ' l r l r l

t0 20 30 t0 50 60
20 CuKr

Fig. 4. Heat effects on X-ray powder diffraction patterns. (a)
Room temperature; (b) 450'C; (c) 550'C; (d) 650'C; (e) 800"C; (f)
950'C.
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Structural formula and structure model (1)

The properties of surite strongly suggest that the t)\
mineral can be regarded as composed of the 2: 1 layer \' '

of a dioctahedral smectite incorporated with a cerus-
site-like interlayer, because the mineral is found in (3)

association with cerussite. The cell dimensions of ce-
russite are a : 8.468, b : 6.146, c : 5.166,4. The cell ,,\
dimensions of a dioctahedral smectite such as mont- 

\4/

morillonite, based on the orthogonal cell, may be
given as follows: (s)

a : 5.18-5.21, b : ax,4 : 8.97-9.02,

d(001) = 15-l7A

Thus the dimensions of the ac plane of cerussite are

200 100 600 800 1000 0c

2000 1800 1600 1400 1200 1000 800 600
Wove number in cm-t

Fig 6. Infrared absorption spectra of surite. (l) Untreated; (2)
heated to 550'c; (3) heated to 650"c; (4) heated to 800"c; (5)
heated to 1000'C.

very close to those of the ab plane of montmorillonite
minerals.

Ex Because of the 16.2A c dimension of surite, the

] most plausible model is one in which a cerussite layer

1 with the thickness of its b dimension is intercalated

dn between the 2: I silicate layers of the montmorillonite
lattice. To account for the other cell dimensions, the
ac plane of the cerussite layer would be oriented
paral lel  to the ab plane of the2: l  layer of the mont-
morillonite structure; the a and c axes of the cerus-
site layer would be parallel to the 6 and a axes of the
2:l layer of the montmorillonite structure-Eespec-
tively. A model in which CO3 plane of the cerussite
layer is in contact with the basal oxygen plane of the

e| 2: I layer is rejected because of the departure of calcu-
I lated X-ray intensities from observed ones.

However, a structure model in which the Pb plane
of the cerussite layer is in contact with the basal
oxygen plane (Fig. 7) provides calculated X-ray in-
tensities resembling observed ones.

The chemical composition of the residue obtained
after treatment with 0.75 percent HCI can be trans-
formed into the following formula of the smectite
group:

Wo ' '(Al ' .?oFeo.orMgo s'XSi3."oAlo.ro)O'o(OH), ( l)

and the most probable formula for surite is

(Pb,.roCuo.o,Cao.zuXCOr)r(Alt.ruFe$$uMgo.ro)

(sis 68A10.3r)0,o(0H), (2)

The distribution of cations in the formula is adjusted
as follows: (a) the anion number of CO' is 2.01 and
the excess amount of 0.01 is excluded as an impurity,
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Fig. 5. DTA and TG curves: (a) surite, with air flowing; (b)

surite, with nitrogen flowing; (c) the residue obtained from surite
pre-treated with 0.75 percent hydrochloric acid, in air; (d)
montmorillonite, in air; (e) cerussite, in air.
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Table 4. Observed and calculated structure factors
reflections of surite
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of the 00/ (COr)r, whereby an excess charge of about 0.33
is produced from the composition, and the number
of electrons provided by the composition of Pb0.?8
Cao.ua is equal to that provided by Pb6.es. It is dif-
ficult to give final exact numerical values, but as-
suming that the inner Pb plane has no defect sites and
contains only Pb ions, an ideal expression may be
given as Pb(Pb,Ca)'."(COr)r.

The results of the above considerations show that
the chemical formula of surite may be given in the
following ideal form;

Pb(Pb,Ca),,?(COs)r(Al,Fe,Mg)r(Si'. 'AL..)O'o(OH),
(4)

The principles of this formulation are as follows:
(a) the composition of the 2: I layer is represented by
that of the montmorillonite residue, or more strictly,
a mineral on the montmorillonite-beidellite series;
(b) it is also expecte{ that a negative charge resulted
from a net charge due to the 2: I layer will be neutral-
ized by an interlayer positive charge; (c) this inter-
layer charge will average l/3, as shown in the miner-
als of the smectite group; (d) in surite, the interlayer
charge will be created by the lead carbonate.

One-dimensional Fourier synthesis of electron den-
sity is shown in Figure 8. The z patameters (Fig. 7)
show that the distance between the basal oxygen
plane and the Pb plane is approximately 1.36,4. This
suggests that the Pb ions, radius 1.364, are embedded
in the hexagonal hole of the basal oxygens as is the
case for potassium ions, radius 1.33A. The B-angle
will be controlled by the displacement, -a/3, within
the unit structure with the height of 16.24. The angle
is 96o4'which is very close to the value 96. lo, ob-
tained from electron diffraction patterns with aid of
the X-ray powder-diffraction pattern.

We could not find a single crystal suitable for X-
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0.01 CaCOr, and (b) the cation population on the
lead carbonate interlayer is adjusted so as to give the
total cationic charges of the lead carbonate layer
close to l/3.

On the basis of the model in Figure 7, X-ray in-
tensities of the basal reflections were calculated in
various cases where z parameters of ion planes and
also ion contents in each plane were slightly modified
in various possible extents. From the calculated data
the writers could obtain the final z parametets shown
in Figure 7, and the cell content expressed by a half
cell as follows:

Pb1.?u(CO3)r(Alr.rrFeo.ouMgozrXSi,Al)nO,o(OH), (3)

Table 4 shows the comparison of F(00/).o" with
F(00/)",r" and gives R : 0.26. Here, the cations on the
Pb planes were represented by Pb ions only, without
considering any isomorphous replacement. Pb planes
are in two horizons: one is at the middle of the
cerussite layer (inner Pb plane), and the other is in
contact with the basal oxygen plane of mont-
morillonite (outer Pb plane). The distribution of Pb
ions between the inner and outer Pb planes was ob-
tained as Pbt EuPbo.eo(Cos)r, where Pb* is defined as
Pb ions on the inner plane. An interlayer cationic
charge of about 0.33 would be necessary. But such an
interlayer charge is not obtained from the composi-
tion of Pb,.ru(COr), without considering the uptake of
Ca ions, a part of which would replace Pb ions and
the remaining part would occupy some defect sites. It
is difficult to determine the distribution of Ca ions
between the inner and outer Pb planes. It may be
reasonable to consider that the uptake of Ca ions is
on the outer Pb plane, being nearer to the basal
oxygen plane of montmorillonite than the inner Pb
plane. To illustrate, the composition of Pbf..u
Pbo.eo(Cos), may be modified to Pbt.ru(pbo.rrCao.u.)

(-
a a

o O
. C
. P b

Fig. 7. $tructural model of surite.
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Fig. 8. One-dimensional Fourier synthesis of electron density
normal to ab plane Full line: observed; dotted line: calculated.

ray analysis. It is therefore difficult to make clear how
the discrepancies of the lattice dimensions of cerussite
and montmorillonite are harmonized on the stacking
plane. A structure model in an ideal form can be
made by considering that the ab dimensions of surite
are applied to the structural dimensions of both ce-
russite and montmorillonite on the stacking plane. In
such a model the Pb ions can be placed within the
hexagonal holes of the basal oxygen plane. The sym-
metry of this structure model is governed only by the
two-fold screw axes parallel to the b axis and then
belongs to the space group P2r. With respect to the
structural dimensions and also to the chemical com-
positions, the interlayer material of surite may be
termed "cerussite-like layer" rather than cerussite
layer itself, as in the case of chlorite where the inter-
layer material is termed "brucite-like layer". The in-
tensities of the (hkl) reflections calculated from this
model are not inconsistent with the observed values.

Conclusion

The structure of surite is regarded as based upon a
lead carbonate layer intercalated with the repetitive

l  l 8 r

2: I silicate layers. The lead carbonate layer has essen-
tially the structure of cerussite but the Pb sites are
only partly occupied. The 2: I silicate layer is essen-
tially comparable with a dioctahedral smectite. The
structure displays behavioral characters similar to
both montmorillonite and chlorite but also different
to both. The interlayer composition, the lack of solv-
ation of the natural sample, and the lack of collapse
on heating are definitely not like montmorillonite
minerals. The stability of the interlayer and the lack
of solvation or collapse are more like chlorite than
montmorillonite. However, the tetrahedral composi-
tion expressed as AI(IV) = 0.3-0.4 is below the limit
usually set for chlorite, and the interlayer composi-
tion is certainly not like chlorite. Therefore, since the
interlayer is so different from any other layer silicate,
surite should not be grouped with either mont-
morillonite or chlorite but should be in a category by
itself.
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