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Jaffeite, a new hydrated calcium silicate from the Kombat mineo Namibia*
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Ansrn-lcr

Jaffeite, ideally CauSirOr(OH)u, is the natural analogue of the phase C,SH' '(3CaO'SiOr'
l.5HrO; tricalcium silicate hydrate; TSH) that occurs as a component of cement. It is
hexagonal, space group P3, with a: 10.026(5), c:7.a82@) A, and Z:2.The strongest
lines in the X-ray powder-diffraction pattern are ld (A), I, hktl 8 .66 ,100,010; 3 .27 9 ,50,210
2.996,90,112;2.887,70,030;2.833,90,022;2.466,30,212;2.083,30,222; 1.872,25,042,004;
and 1.757,30 ,232. Jatreite is colorless with a vitreous luster; D-.". : 2.65(3), D""'.: 2.58(2)
g/cm3. Optical properties include uniaxial (+); , : 1.596(2), e : 1.604(2). Jaffeite occurs
at the Kombat mine, Namibia, in a low-grade metamorphic setting, with major defernite
and hausmannite, and minor brucite, hillebrandite, vesuvianite, glaucochroite, apatite,
galena, and native copper.

IxrnonucrroN

In 1985 Pete J. Dunn sent a sample containing defer-
nite that had been collected at the Kombat mine to one
of us (H.S.), in order that a detailed comparison with type
defernite from Turkey (Sarp et al., 1980) could be carried
out. This study verified that the specimen did indeed con-
sist principally ofdefernite, leading to a description ofits
crystal structure, properties, and paragenesis (Peacor et
al., I 988). Detailed characterization utilizing petrograph-
ic and electron-microprobe analytical techniques re-
vealed the presence of a mineral that could not be matched
with any known phase. Subsequent detailed studies have
confirmed that it is indeed a new mineral, and we have
named it jaffeite in honor of Professor Howard Jaffe of
the University of Massachusetts, in recognition of his
many contributions to the fields of mineralogy and pe-
trology. The mineral and name were approved prior to
publication by the Commission on New Minerals and
Minerals Names, IMA. Type material is preserved in the
Department of Mineralogy of the Natural History Mu-
seum of Geneva under catalogue number 500/32. It is
also present in a specimen of defernite under catalogue
number NMNH 163802 (Peacor et al., 1988) in the
Smithsonian Institution.

X-nav cRYSTALLoGRAPHY

Single-crystal precession studies showed that jaffeite is
hexagonal with space group P3 or P3. These and other
data verified that jaffeite is the natural analogue of syn-
thetic CauSirOr(OH)u, for which Kazak et al. (1974) de-
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termined that the space group is P3 based on a structure
determination. The space group ofjaffeite is therefore P3
by analogy. The unit-cell parameters la: 10.026(5), c :

7 .482(4) A, v : 651.34(3) A,1 were determined by least-
squares refinement of powder-diffraction data (Table 1)
as obtained from a I 14.6-mm-diameter Gandolfi camera,
CuK" (Ni-filtered) radiation, and a sample consisting of
two crystals. The powder-diffraction pattern is virtually
identical to that of synthetic CauSirO'(OH)u, as shown in
Table l.

PHvsrc.lr, AND oPTICAL PRoPERTIES

Jaffeite occurs as euhedral to subhedral elongated crys-
tals (average length 0.4 mm) with hexagonal cross sec-
tions (average diameter 0.25 mm), always embedded
within other minerals such as defernite. The crystals are
elongated parallel to [001]; the only forms observed are
{001 } and { 100}. Jatreite is transparent and colorless with
a vitreous luster and a white streak. It is brittle and the
fracture is conchoidal. An imperfect {100} cleavage ap-
peared to be present, but because the grains are very small,
it was difficult to observe the cleavage and its existence
is problematical. Hardness could not be measured be-
cause of the small grain size. Density, measured using
heavy liquids, is 2.65(3) g,/cm3; the calculated value is
2.58(2) g/cm3. Jaffeite is soluble in HCl. Jaffeite is opti-
cally uniaxial positive with indices of refraction <.r :

1.596(2), e : 1.604(2) as determined with light of wave-
length 5890 A.

Crrnrvrrclr, coMPosrrroN

Jaffeite was chemically analyzed using an ARL EMx-sM
electron microprobe operated at a voltage of 15 kV and
sample current of 40 nA as measured on benitoite. Qual-
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Trsle 1. X-ray powder-difiraction data for jaffeite compared
with those of synthetic Ca.Si,O,(OH)u (JCPDS 29-
375)
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- Reflections used in least-squares analysis.

itative analyses showed that the only major elements
present having atomic number greater than nine are Ca
and Si, although Mn and Cl were shown to be present in
trace amounts (<0.1 wto/o). Wollastonite was, therefore,
used as a standard for quantitative analyses, the results
of which are listed in Table 2. The amount of water was
calculated by difference as there was not sufficient mate-
rial for an analysis. These results lead to the empirical
formula Car ruSi, orO,rHu r, (based on O : l3), in excellent
agreement with the ideal formgla of the synthetic ana-
logue, CauSirO?(OH)6 @ : 2).In addition, the analytical
results give rise to an excellent compatibility index (Man-
darino, l 98 l) with | - K,/ K": -0.036, further implying
that the calculated water content is accurate.

OccunnnNcB

Jaffeite is only known to occur in the specimen that
had been examined in a study ofdefernite from the Kom-

TABLE 2. Electron-micrgprobe analytical data (wt% oxides) for
jaffeite

65.33 65.32
23.42 24.16
11.25 10.52

1 00.00 100.00

64.29 64.98 65.88
24.30 23.96 23.53
11 .41  11 .06  10 .59

100.00 100.00 100.00

Fig. 1. Backscattered-electron image ofa thin section con-
taining jaffeite (lower left, gray, portion of hexagonal cross sec-
tion), hausmannite (white), defernite (dark gray and mottled,
upper and right areas), and apatite (small light gray crystals with-
in jafeite).

bat mine, Namibia, for which the detailed occurrence and
associations were described by Peacor et al. (1988). In
addition, the mineral deposits and geology of the mine
have been described by Innes and Chaplin (1986). These
relations will, therefore, not be described in detail. How-
ever, jafeite was discovered in thin sections, for which
additional pefographic and scanning-electron-micros-
copy studies were carried out, and those results will be
described here.

Jaffeite forms euhedral and subhedral crystals closely
associated with and commonly contained within idio.
morphic laths of defernite approximately I cm in diam-
eter (Fig. l). The defernite, which makes up the bulk of
the specimen studied, is found within a matrix of fine- to
medium-grained hausmannite, euhedral crystals of which
occur dispersed throughout the defernite (Figs. I and 2)
and other minerals. In addition, subhedral grains of bru-
cite, hillebrandite (Fig. 2), vesuvianite (pseudo-octahe-
dral in shape and containing a trace ofREE), apatite, and
glaucochroite were found dispersed throughout the defer-
nite matrix. The outlines of grains of all of these minerals
are sharp, with contacts and boundaries typical of meta-
morphic texture. There is no evidence of replacement or
alteration. Given the low-grade metamorphic setting of
the deposit as a whole, these relations imply that the min-
erals apparently formed as an equilibrium assemblage,

CaO
sio,
HrO*

Nofe.' column 4, average of analyses 1-3; column 5, weight percentages
calculated for the ideal tormula Ca6SirOT(OH)6.

- Calculated by difference.
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of equilibrium is constrained by the phase relations in
that system. Those relations were determined by Roy and
Harker (1962) under low-pressure hydrothermal condi-
tions and by Roy and Johnson (1967) at high H'O pres-
sure. Roy and Harker showed that hillebrandite and
"TSH" fiaffeite) both form and may coexist at tempera-
tures up to approximately 350 'C. At that temperature,
hillebrandite is replaced by calciochondrodite [now known
as the mineral reinhardbraunsite (Hamm and Hentschel,
1983)l and fluid. Jaffeite was found to form at tempera-
tures up to approximately 525 oC, where it, too, decom-
poses to calciochondrodite plus fluid.

On the other hand, Roy and Johnson (1967) showed
that hillebrandite and jaffeite can form together between
175 and 235'C at high P",o, but that calciochondrodite
occurs above that temperature, forming either with hil-
lebrandite or jaffeite; the latter two phases are incompat-
ible according to that relation. However, hillebrandite re-
mains stable up to approximately 340 "C and jaffeite to
temperatures above 500 'C under high P"ro conditions.

Taylor (1962, 1969) reviewed the formation conditions
for phases in the system CaO-SiOr-HrO and emphasized
the difficulty of obtaining equilibrium in laboratory
syntheses. Roy and Harker (1962) similarly voiced con-
cern that their graphical portrayals of phases might not
represent equilibrium states. Taylor (personal commu-
nication) has noted that reaction temperatures are there-
fore generally observed to be too high. He has suggested
that the synthesis of calciochondrodite (with jaffeite as
the major phase) at a temperature as low as 180 'C (Im-
lach and Taylor, 1972) mrght imply that hillebrandite
and/or jaffeite are replaced by calciochondrodite at tem-
peratures much less than 350 'C.

It is clear that the syntheses described above may have
limited relevance to natural equilibrium assemblages as
apparently observed for hillebrandite and jaffeite. How-
ever, the experiments are consistent with the general low-
temperature metamorphic conditions, suggesting a tem-
perature of formation of less than 350 "C, under hydrous
conditions in a system with relatively low silica activity.
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Fig. 2. Backscattered-electron image of a thin section con-
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but proof of such relations must depend on further pet-
rologic work. Native copper also occurs as thin films along
cleavage planes of defernite, and galena is dispersed
throughout the sample in uncommon grains a few mi-
crometers in diameter. The apatite contains some Si and
S, apparently in substitution for P. The glaucochroite has
the approximate composition Ca,oMnouSiOo, as deter-
mined by electron-microprobe analysis. All minerals were
identified by utilizing optical, electron-microprobe, and
scanning-electron-microscope (srv) data. The servl obser-
vations were carried out primarily in backscattered-elec-
tron mode, with qualitative analyses of individual min-
erals obtained by energy-dispersive X-ray analysrs.

DtscussroN

CauSirOr(OH)u is a constituent of cement, where it is
known as "C3SH1 ," (hydrated calcium silicate with CaO:
SiO,:H,O : 3:1:1.5) and "TSH" (tricalcium sil icate hy-
drate). Comparison of the formula, physical properties,
X-ray powder-diffraction pattern (Ingram and Taylor,
1987, JCPDS card 29-37 5), and crystallographic param-
eters, which were determined as part of a crystal-structure
analysis (Kazak etal.,1974), show that the synthetic phase
is essentially identical to jaffeite.

Because bothjaffeite and hiilebrandite occur in the sys-
tem CaO-SiOr-HrO, their coexistence in an apparent state
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