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ABSTRACT

Tremolite of a composition suggesting solid solution between the ideal end
members tremolite and richterite occurs in kimberlites from Buell Park, Arizona.
Analysis by electron microprobe gave SiO; 57.9, Ti0O; 0.05, Al,O; 1.1, Cr,0;5 0.06, FeO
2.4, MnO 0.07, MgO 23.5, Ca0 10.8, N1a;0 2.3, K,0 0.51, F 0.35, —O = F 0.15, total
98.89, corresponding to 57 mol %, tremolite, 31 mol 9, richterite, and 12 mol 9, other
amphibole components. The structural formula is (Nao.2ssKo.038)(Cai.54Nao.519)
(Mg4. 7ssFe2+o.273Mno.00scro.007Tiu.oosAlu.051)(A10.1zssi1. 875)023- Space group is 02/19,
cell parameters are ¢ = 9.876 == 0.002, b = 18.065 & 0.005, ¢ = 5.281 = 0.002A,
B = 104°40' 4= 1, V = 911.4 + 0.3A%. The mineral apparently formed as a primary
phase in a kimberlite magma under upper mantle conditions.

The possible presence of amphibole as one of the most important
hydrous minerals in the upper mantle has been suggested by many
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investigators (cf. Oxburgh, 1964). This suggestion is supported by
high pressure experimental work (Green and Ringwood, 1967 ; Kushiro,
1970) which indicates that certain amphiboles are stable under pres-
sure and temperature conditions corresponding to those expected in
the upper mantle. These amphiboles are predominantly pargasite in
composition with subordinate amounts of the tschermakite component.
Recently, however, Erlank and Finger (1970) found potassic rich-
terite in a diopside-phlogopite nodule from the Wesselton kimberlite,
South Africa, and Kushiro and Erlank (1970) suggested that potassic
richterite, on the basis of high pressure experiments, is stable to at
least 30 kbar and 1100°C and, hence, may occur in the upper mantle.

In the course of a petrological study on the kimberlites and asso-
ciated voleanic rocks from Buell Park, Arizona, one of us (K.A.)
found amphibole having intermediate composition between the end
members tremolite CasMgsSigOss (OH) 2 and richterite NasCaMg;SigOse
(OH)2. The kimberlite diatremes at Buell Park, northeastern Arizona,
intruded into Permian sediments of the Cutler formation and DeChelly
sandstone about 30 m.y. ago (Allen and Balk, 1954; Naeser, 1971).
The tremolite with high richterite content occurs in kimberlite con-
sisting of a fine-grained matrix rich in serpentine and is associated
with bottle-green olivine, yellowish—green chromian enstatite, emerald—
green chromian diopside, red to wine-colored pyrope, ilmenite, titano-
clinohumite, and apatite.

Macroscopically, the tremolite is transparent and clear, dark green
in color. It is usually stout prismatic, euhedral to subhedral, less than
6 mm in length, and nearly the same size as coexisting enstatite, diop-
side, and garnet. Under the microscope, the amphibole is colorless and
shows no pleochroism. Its optical properties are as follows: a = 1.608;
B = 1.662; y = 1.635; 2V, (meas.) = ca. 80°;7r < v weak; Z A ¢ =
20°; Y = b, optical axial plane parallel to (010). Optically, it cannot
be distinguished from the end members tremolite and richterite.

Buerger precession X-ray photographs of the 20! and 0kl nets show
no violation of conditions for C2/m symmetry. Powder data were ob-
tained on a diffractometer, using copper as an internal standard. Cell
parameters, refined by least squares (Evans et al, 1963), are a =
9.876 = 0.0024, b = 18.065 = 0.0054, ¢ = 5.281 = 0.0024, 8 = 104°40/
=1,V =911.4 = 0.34%.

The composition of the amphibole from Buell Park, Arizona, kimber-
lite is given in Table 1, together with the ideal compositions of the
tremolite and richterite end members. This table also shows analyses
of potassic richterite from West Kimberley, Australia, and Wesselton,
South Africa. It is apparent from Table 1 that the amphibole from



MINERALOGICAL NOTES 1891

Table 1: Electron microprobe analysis of tremolite with high richterite-molecule content
from Buell Park, Arizona (column 1), compared to ideal richterite (column 2} and
tremolite (colum 3) end members and to potassic richterite from the Wesselton,
South Africa, kimberlite (column 4) (average of 3 grains, Erlank and Finger, 1970)
and potassic richterite from a leucite lamproite, West Kimberley, Australia (column
5) (Wade and Prider, 1940). All analyses are in weight percent. In column 1' are
given the numbers of ions for the analysis in column 1 on the basis of 0 = 23
(because H,0 was not determined).
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¥ 0.35 1.29

59,05 106,00 100.00 96.85 T00.48

Less O
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Robinson et al. (1971),
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Buell Park differs from the pure richterite end member by its lower
alkali and higher CaO contents; it also differs from the pure tremolite
end member by its very high alkali and lower CaO contents. The com-
position of this amphibole is illustrated in Figure 1, a diagram that
considers primarily the Na in the A-site with respect to A"V and A%,
This figure was used by Robinson et al. (1971) to show the direction,
but not the amount, in which caleic amphiboles depart from ideal
tremolite. Figure 1 indicates that the Na in the amphibole from Buell
Park is present largely as a richterite molecule, discounting it as merely
a sodian tremolite. Moreover, recalculation of the analysis to pure end
members indicates that the mineral is composed of 57.05 mole percent
tremolite, 30.80 percent richterite, 6.25 percent pargasite, 5.35 percent
cumingtonite, and 0.55 percent eckermannite. These data suggest that
a complete solid solution series exists between the richterite and tremo-
lite end members. Amphibole of the composition reported here has
apparently not previously been described (Leake, 1968).

The kimberlite diatremes at Buell Park, Arizona, also contain
abundant fragments of gneisses and amphibolites derived from the
Precambrian basement. However, amphiboles in these rocks are green
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Fie. 1. Projection of the amphibole composition polyhedron from the
tremolite apex onto the glaucophane-tschermakite-edenite-richterite plane show-
ing projected composition of over 300 clinoamphiboles (modified after Robinson
et al., 1971, figure 7). The triangle represents the amphibole from Buell Park,
Arizona. Explanation: x = A-site occupancy, y = sum of Al"! 4 Fe** + Cr** +
2Ti* (atomic proportions).

to brown hornblende, indicating that the tremolite with high richterite
content is not a xenocryst derived from lithic inclusions. It is therefore
concluded that, although more detailed experimental evidence is
needed, the tremolite with high richterite content described here ap-
pears to have formed as a primary phase, together with coexisting
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nonhydrous phases, from an Al,0;-CaO-alkali poor and volatile rich
kimberlite magma under upper mantle conditions.
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