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ABSTRAcT

Maricopaite is a new mineral from the Moon Anchor
mine, near Tonopah, Maricopa County, Arizona, occur-
ring as sprays of translucent white, acicular crystals with
mimetite. The unit-cell contents suggest that the formula
is (Pb7Ca) (Si, AI)4sOlo0'32H2O, implying a structure
having a high degree of polymerization approaching that
of a tectosilicate. Maricopaite is orthorhombic, space gxoup
Cmmm, C2m m,^C mm2 or C22, twth a 19,65 Q), b I 9.40(3)
and c 7.531(7) A. The principal lines in the X-ray powder
dif fraction are I d( A), I,hkA: 13.7(1 00) (l l 0), 9.36(40) (200),
3. 3 57 (40) (530), 3.2 l 6(s0) Q r2), 2.97 8(N) (q2,042,06r),
2.U5(40) (422,242,261\, Maricopaite is soft and friable and
has an imperfect {010} cleavagei Dmeas 2.94 g/cm3, D^"
2.96 g/cm3. Optical properties include: cu 1.563(3), B
1.582(3), 11.592(calc.),2v7q10)o,X = a,Y = c;Z:
b; r> v. Infrared data, the form of the water loss, the low
density, and the similarity of chemical and crystallogaphic
data to those of mordenite imply that maricopaite may be
a zeolite.
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SounaarnB
La maricopaite, nouvelle espdce min€rale, a 6t6 d6cou-

verte dans la mine de Moon Anchor, prds de Tonopah,
comt6 de Maricopa, en Arizona; on la trouve en rosettes
de cristaux blancs translucides avec la mimetite. Selon le
contenu de la maille 6l6mentaire, la formule serait
@b7Ca) (Si, Al)4sOlo0'32H2O, ce qui implique un degr6
6lev€ de polymdrisation, comme dans une tectosilicate. La
maricopaile est orthorhombique, groupe spa$oJ Cmmm,
C2mm, Cmm2 ou C222, aver, a 19.65Q), b 19.4Ae), c
7.531(7)^A. Les six raies les plus intenses du clich6 depoudre
ld en A(I)(hkt)l sont 13.7(100) (ll0), 9.s6(40) (20o),
3. 3 57 (40) (530), 3.2 1 6(50) Q r2), 2.97 8 (40) (4U,A42,M|\.
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2.845(40) (422,242,261). C'est un min6ral mou et cassant
qui possbde un clivage {010} imparfait; sa densit€ est de
2.94 (mesur6e) ou 2,96 (calcul6e). Propridtds optiques: cu
1.563(3), B 1.582(3), 7 1.592 (calcul6), 2V70(r0)o, X =
a, Y : c, Z = bi r > r. D'apr&s les donndes d'absorptron
infra-rouge, l'allure de la perte en eau, la faible densit6,
et la ressemblance des donn6es ghimiques et cristallogra-
phiques d celles de la mordenite, la maricoparte pourrait
€tre une z€olite.

(Traduit par la R6daction)

Mots-cl6s: maicopaite, silicate, nouvelle esp&ce min6rale,
Arizona.

INTRoDUCTIoN

In late 1983, Mr. William Hunt of Sun City, Ari-
zona, called an unidentified mineral to our attention.
It had been found near Tonopah, Arizona, and he
thought that it might be a new species. Our study
has shown this to be the case, and the description
of this new mineral species is presented here. We have
named this mineral maricopaite for the county in Ar-
izona where it was found. The species and the name
were approved by the Commission on New Miner-
als and Mineral Names, I.M.A. Type material is
preserved in the Smithsonian Institution under cata-
log numbers NMNH 163248 and 163247.

OCCURRENCE

Maricopaite is known from only one locality, 1
Moon Anchor mine, approximately 15 km west of
Tonopah, Maricopa County, Arizona. We quote
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here from the notes of Mr. Hunt, who found the
material: "The specimens came from the hanging
wall of the vein which consists of calcite-fluorite gan-
gue with many square voids (presumably due to dis-
solution ofgalena). The secondary minerals I have
seen are cerussite, mimetite, fornacite, phoeni-
cochroite, duftite, chrysocolla, and wickenburgite. "
The assemblage t[at makes up the type specimens
is rather simple, consisting of maricopaite associat-
ed with sprays of orange mimetite on a quartz
matrix. Maricopaite, together with mimetite that ap-
parently formed at approximately the same time,
coats and fills fractures in the quartz. Most
maricopaite occurs as thin bundles of extremely elon-
gate acicular crystals, frequently as mats with ad-
mixed mimetite. Radial sprays up to 1.0 mm in di-
ameter are common.

X-Rav CnysrerlocnapHy

A prismatic crystal was mounted along the direc-
tion of elongation [001] and studied by Weissenberg
(CuKo) and precession methods (CuKa and MoKo).
Cu/(a radiation was used for most of the precession
photographs to ensure resolution of the closely
spaced levels resulting from the large a and b dimen-
sio.rs. Extinctions are consistent with space groups
Crtmm, C2mm, Cmm2 or A22. Cell parameters
originally determined from single-crystal photo-
graphs were refined by least squ€ues, utilizing data
from a Gandolfi powder-diffraction pattern, yield-
ing the values a 19.65Q),b 19.40(3) and c 7.5t3Q)

1 2 0 0  1 0 0 0  a o o  0 0 0  4 0 0

Frequency (cm-1)

Fig. l. Infrared spectra of maricopaite: (a) unheated, (b)
heated at 110"C in air for 15 hours uhder vacuum of
2 mm Hg, (c) heated at 400"C for .16 hours in arr.

A, v zsul+1 A:. tne powder-diffraction data
listed in Table I were obtained using a Gandolfi
camera with 114.6 mm diameter, FeKa, Mn-filtered
radiation, a Si internal standard, and a polycrystal-
Iine specimen.

The crystallographic data are similar to those of
the zeolite mordenite, which has o 18.1, b 20.5 and
c7.5 A, spacegoup Cmcm(Gottardi&Galli 1985).
Because maricopaite has a composition having
zeotte-like affinities, as discussed below, the similar-
ities in cell parameters may reflect common struc-
tural units.

Pnvsrcel AND OPTIcAL Pnoppnrrss

Maricopaite is generally white and translucent, but
small crystals may be colorless and transparent. The
luster is silky to vitreous. There is no discernible
fluorescence under ultraviolet radiation or under the
beam of the electron microprobe. Hardness was not
directly determined as the crystals are too small, but
maricopaite was observed to be extremely soft and
friable. The cleavage is imperfect, {010}. The den-
sity is 2.94 g/cm3, measured with heavy liquids,
compared with a calculated value of 2.96 g/cm3.

Optically, maricopaite samples consist of radiat-
ing fibers that are intimately intergrown and display
complex extinction effects. Even small grains on the
order of 20-30 pm in size display patchy and undu-
lose extinction. Consequently, the optical measure-
ments could be made on only the few very small
grains which were optically uniform. This, combined
with the preferred orientation due to the {010}
cleavage, prevented direct measurement of all opti-
cal parameters; e.9., no BXa figures could be
observed as ,y is perpendicular to the cleavage and
.y could not be directly measured. Thus 2Zas meas-
ured from BXo figures is relatively inaccurate, and
the value for 7 is calculated from other parameters.

Maricopaite is biaxial negative, wrth 2V :
70(10)', and indices of refraction o 1.563(3), I
1.582(3), artd 1 1.592 (calc.). The orientation is
X : a, Y : c, ard Z : D. There is strong disper-
sion with r>y.

CHBnatcar CouposttroN

Maricopaite was chemically analyzed using an
ARL-SEMQ electron microprobe operated under
the following conditions: 15 kV, sample current
0.025 pA measured on brass, broad beam to
minimize H2O volatilization, and standards PbO
@b) and hornblende (Ca, Al, Si). A wavelength scan
was carried out to check for the presence of elemerits
other than those reported, but none was observed.
The wavelength-dispersive data were corrected using
a modified version of the MAGIC-4 program.

Water and other volatiles were determined using
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a Mettler TAI thermoanalyzer for TGA data, with
identification of evolved species (EGA) determined
by an Inficon IQ 100 quadrupole mass spectrome-
ter. The specimen presented analytical problems in
that it was difficult to obtain a reasonable amount
of the pure sample for analysis. lJltimately, two sarr-
ples were prepared.

The first was carefully hand-separated and crushed
in acetone, but still contaiqed an estimated 5-1090
impurities, presumably mimetite and quartz. This
was used for the frst thermal analytical run. The
second sample was purified by centrifuging in a
methylene iodine - acetone density gradient. This
produced a sample free from impurities at optical
resolution. A portion of the second sample was used
for the infrared study and the remaining 565 micro-
grams were used for a second thermal analytical run.
The results from both analyses have been used to
produce the final weight-loss values- The first run
was with a reasonable sample size Q.54 mg), but the
sample contained minor impurities. Thesecond run
was with a pure sample, but the sample was too small
(0.565 mg) for the most accurate measurements.

Following weiChinC aI AAVo relative humidity the
sample as contained in a Pt crucible was placed at
a high vacuum of 2. x 10-e torr in the ther-
moanalyzer at20oC for 3.5 hours. During this tiine
it lost 6.5 wt.Vo, assumed to be in the form of HrO.
The sample was then heated at arate of lo"C/min.,
and lost 4.5 wt.olo HrO continuously from 50 to
500oC, with a peak at approximately 100'C. The
water loss was typical of those observed from zeo-
lites. In the fust run a loss of hydrogen was detected
between 250 and 400oC, with a peak of 360'C. In
the second run this 0.5 wt.9o loss was identified as
being due to the breakdown of hydrocarbons. Fur-
ther loss occurred above 500oC and corresponded
to fusing of the sample. The total weight loss due
to water was ll.0 wt.Vo, and that due to hydrocar-
bons was 0.5 wt.9o.

The major-element analyses give rise to the
values SiO2 42.0, N2O3 11.4, CaO 2.4, PbO 30.8,
H2O 11.0, hydrocarbon 0.5, total 98.1 wt.9o, from
which the unit-cell contents were calculated using the
observed density and lattice parameters to give the
empirical formula:
Pbr.*Ca2.17(Si35.a5Al1 1.3)a6.8ooe7.lo. 30.96H2O +
minsl hydlssarf6n.

The interpretation ofthe loss ofhydrogen as being
due to breakdown of organic compounds is compat-
ible with the presence in the structue of large zeolite-
like cavities (see below). Kotasthane & Shiralkar
(1986) found that pure tetraalkyl ammonia com-
pounds decomposed in the temperature range
250-n0"C, but when contained in the channels of
a synthetic zeolite, the decomposition temperature
was increased to 350 to 500"C. The observed tem-
perature range for loss of hydrogen is thus a reasona-
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ble one for breakdown of hydrogen-containing
molecules. Calculations of the Gladstone-Dale rela-
tionship using the constants of Mandarino (1981),
the'chemical data listed above, and the measured
indices of refraction and density, yreld a compati-
bility index (l-Kp/KA of 0.054, indicating good
compatibility of the data (Mandarino 1979).

INpnansn ANALySIS

High-resolution (2.0 cm-t) infrared spectra in the
region 400-40C0 cm-l were recorded using a Nico-
let Fourier transform interferometric infrared spec-
trophotometer. Three samples were nrn correspond-
ing to the conditions: (l) no pre-treatrnent of sample,
(2) sample heated for 15 hours at ll0"C under
vacuum, (3) sample heated again at 400oC for the
16 hours in air. The sample chamber was purged with
dry nitrogen before and during spectrum measure-
meut, except for sample (3), the spectrum of which
was recorded at ambient room atmosphere. Fre-
quency measurements were calibrated internally
against a He/Ne laser and are accurate to
*0.01 cn-t. Spectra for the region 400 to 1300 cnrt

are shown in Figure l.
The portion of the spectrum that is characteristic

of H2O is not shown, but it displayed intense
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absorptions at 1637,3220 and,3435 cm-t for the
untreated sample. The intensity of these peaks
decreased by approximately 50q0 for the sample
heated at l10oC, and nearly 10090 after heating at
4000c.

The portion ofthe spectra displaying lattice vibra-
tions @ig. l) has numerous peaks that correlate with
the internal and extemal asymmetric vibrations of
the (Si, Al)O4 tetrahedra common to all zeolites and
other tectosilicates (900-1300 cm-r). The next most
intense group (443 cm-l) corresponds to the inter-
nal vibrations of (Si,Al)Oa tetrahedra, and is also
coulmon to zeolites. The less intense peaks between
these two groups are due to the internal and exter-
nal symmetric vibrations of tetrahedra, and to prob-
able ring configurations of various kinds.

The spectrum for the specimen heated at 400oC
is similar to the other two except for the region nor-
mally attributed to double rings; the single peak of
the two lower temperature spectra has been replaced
by several peaks that are generally characteristic of
single-ring structures. This implies that heating may
have caused some rearrangement of the tetrahedra,
although this is problematical. This spectrum is vir-
tually identical to one for Zeolon that was also
recorded at 400oC @lanigen 1976). Zeolon is a syn-
thetic zeolite that has the mordenlte-type structure.

DIsCUssIoN

The very high water content and the resemblance
of the form of the water loss and the infrared spec-
tra to those of zeolites suggest that tle structure of
maricopaite contains large cage-like voids similar to
those found in zeolites and related structures. The
low measured density Q.94 g/cmt\ is consistent
with such an open structure, especially when the
presence of significant Pb is considered. This sug-
gests that at least a significant fraction of the Al must
be tetrahedrally coordinated. Assuming that all AI
is in tetrahedral coordination gives rise to the O: (Si
+ Al) ratio of 97 .l:46.8, which is just slightly geater
than the value of 2 found in tectosilicates. It is there-
fore tempting to conclude that maricopaite is a zeo-
lite, especially when the similarity of its unit-cell
parameters and infrared spectrum with those of mor-
denite is considered. In addition, the O: (Si + Al)
ratio for one unit cell of mordenite is 96:48, very
similar to that of maricopaite.

A zeolite-type struc'ture would require that both
Pb and Ca occupy large voids, creating an unusual
role for Pb. The amounts of these two divalenr
cations are simply too large for charge balance of
a STAI framework, even considering larger than
reasonable errors of analysis. The value of 7.00 Pb
atoms per cell is inconsistent with the ranks of all
equipoints of the possible space groups, which must
be multiples of two. However, the number of cations

occupying voids in zeolites commonly varies with
fractional_occupanry of equipoints. The Pb content
may thus actually be consistent with such a struc-
tural relation. Three-dimensional intensity data have
been measured in order to solve t}te crystal structure.
Analysis of the Patterson function shows that heavy
atoms occupy two equipoints of rank 4 in space
group CmrA. These results are only tentative,
however.

The above relations are generally consistent with
a structure having a high proportion of shared ver-
tices of Si and Al tetrahedra, approaching that of
a tectosilicate. Such structures occur, for example,
in the reyerite family (Gard et al. l975,Dunn et al,
1984) where double sheets may accommodate large
cations and HrO. In addition, jagoite has a struc-
ture closely related to that of members of the reyerite
group, but has 3-coordinated Pb contributing to the
polyhedral framework (Mellini & Merlino 1981).
Such a relation cannot be discounted for
maricopaite.

Given all of these relations, our best estimate for
the formula of maricopaite is (PbCa)(Si, AI)aeO*
'32H2O (Z : L) where the total of Ca and Pb may
vary, as is true of alkalis and the alkaline-earth
cations in zeolites, and the ratio of oxygen to tetra-
hedrally coordinated (Si : Al) approaches that of
a tectosilicate. The number of water molecules has
been set equal to a multiple of the equipoint ranks,
but as in zeolites it is probably not constant. The
crystal structure has a high proportion of shared ver-
tices and is either that of a zeolite or is zeolite-like.
Complete crystal-structue analysis will be necessary
in order to define the structure relations and to pro-
vide a firm definition of details regarding the chem-
ical formula.
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