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THE PEARCEITE AND POLYBASITE SERIES1

H. T. H.r.r.r., Department of Geology and, Geophysics, Univers,ity of
M'innes ota, M innea p ol,i s, M innes ola.

Ansrnlcr

Experimental study of the phases pearceite (Ag, Cu)5 AszSn and polybasite (Ag, Cu)a
SbrSr has shown that copper is an essential component and that these phases are end mem-
bers of two distinct series: pearceite-antimonpearceite and polybasite-arsenpolybasite.
Synthetic arsenpolybasite is homogeneous over a compositional interval which extends
from 3.0 to 5 2 weight percent copper at 200'C. Its antimony analog, polybasite, is stable
from 3.1 to 7.6 weight percent copper at 200'C. Synthetic pearceite is homogeneous from
5.5 to 19.7 weight percent copper at 200'C; whereas, its antimony analog is homogeneous
from 7 9 to 19.2 weight percent copper at 200'C. A narrow two-phase field separates the
two solid solution series. At about 360oC arsenpolybasite inverts to a high temperature
polymorph, X-arsenpolybasite. The compositional limits of copper for the two synthetic
series corresponds with that found in natural material.

INtnooucrroN

Pearceite and polvbasite, with similar pseudohexagonal or monoclinic
form and similar composition, 8(Ag, Cu)zS'(As, Sb)zSa and 8(Ag, Cu)zS
.(Sb, As)253, have generally been regarded as the arsenic and antimony
end-members respectively, of a single solid solution series. Copper re-
places silver in considerable and varying amounts in both minerals, and
in polybasite there mav also be substantial replacement of antimony by
arsenic.

Although most of the specific properties of polybasite and pearceite
are known, there are still some gaps and uncertainties in the descriptions.
The purpose of this investigation was to determine experimentally the
stability range and compositional limits of pearceite and polybasite.

PnBvrous DnscnrprroNs

Peacock and Berry (1947) were the first to determine the unit cell of
pearceite. They obtained values of

a : 1 2 . 6 4 ,  b : 7 . 2 9 ,  c : 1 1 . 9 0 4 ,  0 : 9 0 "

from rotation and Weissenberg fi lms with [001] ana [OtO] or [110] as the
rotation axes on a crystal from Aspen, Colorado. The photographs
showed hexagonal symmetry as regards the position of reflections, but
only monoclinic symmetry as regards their intensities.

The unit cell of polybasite had previously been determined by Gossner
and Kraus (1934) on unanalyzed material from the Guanajuato district
in Mexico:

1 Part of a dissertation presented to the faculty of Brown University in candidacy for
the Degree of Doctor of Philosophy
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a : 1 3 . 0 2 ,  b : 7 . 5 2 ,  c : L L 9 7 A ,  g : 9 0 " ,

Peacock and Berry made rotation and Weissenberg studies of polyba-
site crystals from five additional localities. The photographs showed the
same hexagonal geometrv and monoclinic symmetry as pearceite with
roughly the same dimensions as reported by Gossner and Kraus on
polybasite, but weak intermediate layer l ines proved that all the crystals
except one, have double these dimensions:

a - 2 6 ,  b - 1 5 ,  c - 2 4 4 ,  0 : 9 0 o .

The exception was a specimen of
Sonora, Mexico on which they
doubled:

a :  26 .17  , b : r5. lr,

In the 17 analyses of polybasite available to Peacock and Berry,
arsenic ranged from zero to over one-half of the (Sb, As) component. On
the other hand, antimonv comprised only a small fraction of the (As,
Sb) component in the six available pearceite anaiyses, although the
analyses represented onll '  f ive localit ies, Peacock and Berry decided that
the chemical data did not indicate complete solid solution from arsenian
polybasite to pearceite and concluded that it was proper to recognize the
minerals as distinct species rather than end-members of a series. The
pearceite of Peacock and Berry, therefore, has the cell dimensions o-13,
b-7 .5,  c-12 A,  g:90" ,  a cel l  content  o l  Zf8(Ag,  Cu)zS.(As,  Sb)zSa]  in
which Z:2, and the (As, Sb) component is largely arsenic. Their
po l ybas i t e  has  ce l l  d imens ions  a -26 ,6 -15 ,  c -12  o r  24  A ,  P :90 '  ( i f
the data of Gossner and Kraus are disregarded), but a pronounced
pseudocel l  has o-13,  b-7.5,  c-12 L,0:90"  l ike pearcei te.  The cel l
contents are Zl8(Lg,  Cu)rS.(Sb,  As)gSs]  in  which Z:8 or  16 in  the t rue
cells, and arsenic varies from zero to more than one-half of the (Sb, As)
component.

In a study of pearceite and polybasite from 22localities, Frondel (1963)
confirmed the existence of the Gossner-Kraus polybasite cell, found a
pearceite with all dimensions doubled and presented evidence to show
that possibly complete mutual substitution of antimony and arsenic
occurs in both the smail and double cell. This led Frondel to divide these
minerals into two series (see Fig. 1). He redefined the mineral pearceite
as the arsenic end-member of one series characterized by the ceII:
a-13, b-7 .4, c-12 A, and proposed the name antimonpearceite for the
antimony analog. Similarly he redefined polybasite in terms of a second
ser ies wi th the double cel l  (o-26,  D.-15,  c . -24 f ) ,  and cal led i ts  arsenic
analog arsenpolybasite.

polybasite from the Las Chispas mine,
found only a and D dimensions are

c : 1 1 . 9 4 A ,  0 : 9 0 o .
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The original specimen from the Las Chispas mine studied by Peacock
and Berry was reexamined by Harris, Nuffield, and Frohberg (1965) and
the existence of the intermediate cell was confirmed, but they discovered
that while some areas of the specimen give this cell, other seemingly
identical areas are characterized by the small cell. Frondel had also
examined crystals from this mine and obtained a value ol 23.82A for c.
rather than the reported value near tZ A. l|tre Las Chispas material
therefore, crystall ized with the small, the double, and an intermediate
cell. Harris, et al. decided that the weak intermediate layer lines on

24.O

23.8

12.

I t .

Alomic per cent Sb

Frc. 1. classification of 25 pearceite-polybasite specimens according to the values of c and
the atomic percent of Sb (after Frondel, 1963).

rotation photographs represent "less-than-fundamental', diff erences, and
concluded that it is desirable to recognize their basic similarity and
return to the original classification in which pearceite and polybasite are
regarded as the arsenic and antimony end-members of one series. They
proposed that the series is based on a structural unit with dimensions:

a - 1 3 ,  b - 7 . 5 ,  c - 1 2 4 ,  0 : 9 0 "

and composition

(Ag,  Cu)32(Sb,  As)+Szz.

From the distribution of double- and single-celled crystals as de-
termined by Frondel, Harris et al., suggested that the doubling is a

Arsenpolybosife Polybosite
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consequence of the presence of antimony in the structure and that the
basic structure accommodates arsenic more readily than antimony.

Pnrvrous ExpenrlrpNtar, Wonr<

Previous attempts to synthesize pearceite and pclybasite have either
not been successful (Jensen, t947; Jaeger and van Klooster, 1912;
Barstad, 1959; and Somanchi, 1963) or the identif ication of the products
is not conclusive, (Gaudin and McGlashan, 1938; B6land, 1946; and

Weil el al., 1954). Hall (1965) has shown that the products prepared bv
Gaudin and McGlashan, B6land, and Weil, et al. in the systems Ag-As-S
and Ag-Sb-S were most probably the two new silver sulfosalts pseudo-
pearceite (AgrAsSo) and pseudopolybasite (AgtSt Su).

Gaudin and McGlashan in their investigation of the quaternzrry

system Ag-Cu-Sb-S reported a phase C which does not occur in the
Ag-Sb-S system and whose optical properties fit for polybasite. From

estimates of the relative abundances of the various phases, the composi-
tion of phase C was believed to be AgraCuaSbzSrz. The authors, therefore,
tentatively correlated phase C with polybasite, although the composition
is not the same as that determined for the mineral polybasite, it is the
only mineral which contains these four elements.

Metnnrars, EqurrrrnNr, AND TECHNTQUES

AII syntheses were carried out in sealed, evacuated, silica glass tubes. The sealed

charges were heated in nichrome-wound horizontal furnaces. Temperatures were measured

potentiometrically by chromel-alumel thermocouples. The temperature uncertainty does

not exceed 5oC.

Standard X-ray and optical techniques were used to identify the phases When an ac-

curate measurement of a particular reflection was desired, eight oscillations were made

with a Norelco diffractometer using Lake Toxarvay quartz (d1ror; :3 .3432 A) as an internal

standard.
Atl synthetic products were prepared from the pure elements. The arsenic, antimony,

and copper used in these experiments were obtained from the American Smelting and Re-

fining Co. The arsenic (1ot no. P-6923), antimony (lot no. 168), and copper have a reported

purity of 99.999fpercent, exclusive of dissolved gases. The sulfur supplied by the Freeport

Sulfur Co, Port Sulfur, Louisiana has 0.007 percent impurities, substantially all of which

is carbonaceous material (see Skinner, Barton, and Kullerud, 1959). The silver that was

used has a reported purity of 99 999{percent and was obtained from the United Mineral

and Chemical Company.

Rosulrs

In order to establish the phase relations in the silver-rich portion of the
AgroAszSrr-CuroAszSu and AgroSbzSrr-CureSbzSll systems' samples were
prepared from the elements and melted at 600oC for a period of from two
to three days, annealed at an appropriate temperature for a period of
one to thirty days, and quenched to room temperature. A portion of each
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sample was prepared for X-ra1' sLudy and another portion was uti l ized
for polished section study. The limits of solid solution were determined
by plotting the variation of values for the major peak (004 or 008) as a
function of composition. The terms employed to designate lhe phases
are those defined by Frondel (1963).

Polybasite-Antimonpearceite. The results of experiments on the antimony
system are shown in Figure 2. Because it is not possible by the methods
used in this study to quench the l iquid; the l iquidus curves could not be
determined. The upper curve, therefore, represents the first appearance
of l iquid.
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Frc. 2. Temperature-composition diagram of the Ag-rich portion of the system AgloSbzSl
-CurrSbzSre. The upper curve represents the first appearance of liquid.

As can be seen in Figure 2, synthetic polybasite (PIb) is homogeneous
over a compositional interval that extends from about 3.1 to 7.6 weight
percent copper at 200oC. Antimonpearceite (Sb-Pe) is not a polymorph
of polybasite, but rather a distinct and separate compound that is

homogeneous from about 7.9 to 19.2 weight percent copper at 200oC. A

very narrow two-phase field separates the solid solution regions.
Figure 3 shows dloor; for polybasite and d1601; for antimonpearceite as a

funccion of composition for samples quenched from 200oC. There is a
sharp decrease in the c dimension for polybasite with increase in copper

content, but the difference between the c dimension of polybasite and

antimonpearceite is very small at the two-phase region.
Despite the basic similarity, small ceils can be easily distinguished

from doubled cells. The (322) and (316) (324) reflections of polybasite
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Weisht  % Cu in(Ag,Cu\osbrtr ,

Frc. 3. Variation of d166ry and d16ns1 as a function of the composition of polybasite and anti-
monpearceite, respectively, annealed at 200'C.

are slrong and sharp, whereas, these reflections are missing in anti-
monpearceite. Optically polybasite has a distinctive red internal reflec-
tion which is not present in antimonpearceite.

Arsenpolybosite-Pearceite. The results for arsenpolybasite and pearceite
are given in Figure 4. As with polybasite-antimonpearceite, the upper
curve represents lhe first appearance of melts.

Synthetic arsenpolybasite (As-Plb) is homogeneous over a composi-

Weight % Cu in (Ag,Cu) l6As2Sl l

Frc. 4. Temperature-composition diagram of the Ag-rich portion of the system AgreAszSl
-CurdszSu. The upper curve represents the first appearance of liquid.
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2e
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Frc 5. A portion of X-ray powder patterns of synthetic arsenpolybasite, X-arsenpolybasite,
and pearceite. AIl patterns were obtained on a Norelco diffractometer with Cu radiation.
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tional interval that extends from about 3.0 to 5.2 weight percent copper
at 200'C. Pearcei[e is homogeneous from about 5.5 to 19.7 weight
percent copper at 200oC. A very narrow two-phase field separates the
solid solutions regions. At 365*5oC arsenpolybasite inverts to a high
temperature polymorph, X-arsenpolybasite (X-As-Pib), not reported
occurring in nature.

The same reflections that were used to distinguish polybasite from
antimonpearceite were employed to differentiate between pearceite and
arsenpolybasite; that is the (322) and (316) (324). A portion of the
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Frc. 6. Variation in droon) and d1s661 as a function of the composition of pearceite and arsen-

polybasite, respectively, anneaLed at 200'C.

X-ray powder patterns of synbhetic pearceite, arsenpolybasite, and
X-arsenpolybasite are shown in Figure 5.

A plot of t l looa; of arsenpolybasite and d166ay of pearceite as a function of

composition is given in Figure 6. The curves are very similar to those for
the antimony system.

Polybasite-arsenpolybasite and. antimonpearceite-pearceite series. Only
two runs were prepared in which both antimony and arsenic were
present. Mixtures of polybasite plus arsenpolybasite with 5.66 weight
percent copper and pearceite plus antimonpearceite with 10.21 weight
peicent copper were homogenized at 600oC and annealed at 200"C. The
mixtures were approximately 50 formula percent of the end-members.
Both runs were homogeneous and had intermediate dlooa; and d1o,l

- 4 - t - '

e*:ts
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values, respectively. This indicates that there is complete mutual
solubility of antimony and arsenic in both the small and double cell;
as was shown to be true for natural material bv Frondel (1963).

DrscussroN

In this study powder X-ray techniques were used to identify the
products; therefore, it was not possible to observe the intermediate cell.
The significance of such a cell is not known. It may be related to an
order-disorder effect or due to mixture of members of the two series.
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Frc. 7. Composition of natural pearceite-polybasite compared with solid solution in
synthetic systems. Numbers correspond to the analyzed specimens listed in Table 1.

For the sake of comparison the present results are given in Figure 7
together with analyzed natural samples reported by Frondel; the data
are given in Table 1. The solubility limits of copper for the two series,
in the synthetic systems corresponds closely with that found in the
natural material. There is also agreement with a recently analyzed
sample of Se-rich antimonpearceite from the San Carlos mine, Guana-
juato, Mexico;described by Harris et al. (1965).

In conclusion, the results of this study substantially confirm the
observations made by Frondel (1963). They show that the traditional
polybasite and pearceite actually are members of two separate solid

06
r00
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TASI,B 1 COTTPANTSON OT' MNUBENS OF TTTN POLYEESITE-ARSENPOIYBASITE AND

Pretcorrr-ArqrrMoNpEARcnrre Semns

Atomic Percent

No. Namel Locality
Sb in (Sb, As) Cu in (Ag, Cu)

1 Plb Beaverdell, B. C.
2 Plb South Lorrain, Ont.
3 As-PIb Quespisiza, Chile
4 As-Plb Freiberg, Saxony
5 Sb-Pe Sonora, Mexico
62 Sb Pe Guanajuato, Mexico

9 1 . 0  8  3
7 1 . 0  5 . 7
M . 9  1 3 . 2
6 . 8  8 . 1

8 1  . 1  1 9 . 6
6 5  . 0  1 9  . 4

Sierra Majada, Mexico Tr. 31.07 P e

8 P e Aspen, Colorado 2 .5  30 .7

1 The names are those reported by Harris, et al. (1965) and Frondel (1963).
2 Analysis taken from l{arris, et aI. (1965) all other analyses taken from Frondel (1963).

solution series in which antimony and arsenic substitute mutually. But.
these parallel series are not dimorphous as was suggested by Frondel and
copper is a necessary component.

ACKNoWLEDGEMENTS

This study was done at Brown University using the laboratory facilities of Dr R. A.
Yund. Dr. Yund gave freely of his time for discussions during all phases of the study and his
assistance is gratefully acknowledged.

I am especially grateful to Brown University for a University l'ellowship (1963 64) and
for a Research Assistantship (1964-65).

RnrnnnNcns

Bansreo, J. (1959) Phase relations in the system Ag-Sb-S at 400"C. Acta Chem. Scand ,13,
1703-1708.

Bfr,twn, R. (1946) Synthesis of the sil,t:u xd,pho-minerals in alholi. sulphide solutions. Ph.D.
Disseration, University of Toronto.

FnoNort, C. (1963) Isodimorphism of the polybasite and pearceite series Amer. Mineral,.,
48,565-572.

GeurrN, A. M. .q,No D W. McGr.asuaN (1938) Sulphide silver minerals-A contribution to
their pyrosynthesis and to their identification by selective iridescent fiIming. Econ.
GeoI.,33, 143-163.

GossNnn, B. eNo O. Knaus (1934) Uber Kristallform und Chemische Zusammensetzung
von Polybasit. (Abstr.) Cenlralblat Minerol,l934A, 1-6

H.r.r.r., H. T. (1966) The slslems Ag-As-5,,4g-Sb-S, antl Ag-Bi-S: Phaserel'ations and mi.n-
er al,ogi.cd signif.cance. Ph.D Dissertation, Brown University

Hennrs, D. C., Nunrmr-n, E. W., aNo M H. l'nonennc (1965) Studiesof mineral sulpho-
salts : XlX-Selenian polybasite. C an. Mi.ner aJ. 8, 17 2-184.

Jencrn, l' M. aNo H. S. vau Kr-oosmn (1912) Studien iiber natiirliche und Kiinstliche
Sulphoantimonite und Sulphoarsenite. Z. anorg. Clrcm ,78,245-268.



PEA RCEITE AN D POLYBAS ITE t32 l

JnNsnw, E. (1947) The system AgrS-SbzSr. A*and.l. Norske Vi.ilensh. Akd.d., Oslo, Mat.-
N aturztidensh. K1,., 2, l-22.

Pnlcocx, M. A. euo L. G. Bnrav (1947) Studies of mineral sulphosalts: Xll-Polybasite
and pearceite. Mineral. Mag.,28, 2-t3.

SrrNNnn, B. J., Benror.r, P. B., enn G. Kurronuo (1959) Efiect of FeS on the unit cell
edge of sphalerite-A revision. Econ. Geol.,s4, 1040-1076.

Souaxcnr, S. (1963) Subsotridus phaserelations inthe systems Ag-Sb and.,4g-Si-S. M. S.
Thesis, McGill University,

Wnrr-, Rnnf,, Hoc.r.nt, R., exo J. C. Moxrrn (1954) Syntheses minerals en milieux organ-
iques. Soc. Fronc. Mines., B. t.77,108,1-1101.

Manuscr'i.pt receited., October 3, 1966; accepteil Jor pubLication, Octobo 6, 1966.




