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INTRODUCTION.

N the course of an investigation on the determination of soil car-

bonates a sample of dolomite, from the Ibis dolomite quarry, Mt.
Flinders, Queensland, was examined by X-ray diffraction and found to
contain palygorskite.® As this appears to be the first recognition of the
occurrence of the mineral in Australia and as it has a number of com-
mercial uses (e.g. as 2 drilling mud, catalyst, decolorizer, and absorbent),
further work was undertaken.

(EOLOGY OF THE AREA.

Jensen (3) has described the development of the igneous rocks in the
area, with special reference to the Flinders and Fassifern volcanoes. A
general description of the Moreton district is given by Jones (4), but
with little direct information on the Flinders dolomite. David (5) refers
to the area and describes the Redbank series between Ipswich and
Brisbane within an area of 18 miles by 12, as ‘outcrops of freshwater
beds . . . consisting of 300 feet of clays, shales and sandstone overlain
by 500 feet of basalt. . . . Just east of Ipswich it is overlain . . . by the
(Tertiary) Silkstone series of mudstones, shales and sandstones, dolo-
mitized and silicified limestones with Planorbis and marly clays, with
two interbedded flows of basalt; the total thickness is about 400 feet.’

It seems, therefore, that the dolomite found in the Ipswich area was
deposited in fresh-water lakes during Tertiary times. The occurrence
of palygorskite in the area is in keeping with those previously reported
in the U.S.A. at Attapulgus (6), in France (7), and South Africa (8),
where the palygorskite is associated with limestones of lacustrine origin.

! Division of Soils, C.S.L.R.0., Adelaide, South Australia.

2 Division of Soils, (.S.1.R.0., Brisbane, Queensland.

3 Palygorskite and attapulgite are synonymous. Palygorskite is used here as it
has historic precedence (1, 2).
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DESCRIPTION OF THE QUARRY.

The Ibis dolomite quarry, Mt. Flinders (grid reference 857499,
Flinders map, 1 mile series) is situated in the area covered by the
Silkstone series. In the vicinity of the quarry the upper portions of the
hillocks are composed of dolomite, basalt occurring farther downhill.
Basalt also occurs as a capping on the tops of some of the hills. The
dolomite is quarried after the removal of the shallow overlying black
soil. In the quarry the dolomite occurs as massive blocks with hori-
zontal and vertical cracks. Throughout the deposit there occur hori-
zontal and vertical bands, 4-12 inches thick, of a pinkish-grey, shaly
clay (palygorskite), in whieh hard brownish cores (mainly sepiolite) are
distributed irregularly. At the level of the floor of the quarry a thicker
deposit, 2 feet deep, of greenish clay ocours (this may be partly down-
wash from the quarry face) overlying a similar but pinkish clay which is
at least 11 feet thick (both clays contain palygorskite, montmorillonite,
and dolomite).

Samples were taken from the main quarry only, but a visit to several
adjacent hills which were being quarried indicated that they were
similar to the main site.

MiINERALOGY OF THE MT. FLINDERS DEPOSITS.

1L Dolomite—X-ray diffraction analyses indicated that the large
blocks from the quarry were mainly dolomite with a palygorskite
impurity. Treatment of the dolomite with O-1x HCl left a residue which
gave an X-ray diffraction pattern in very good agreement with that
given by Bradley (9) for pure palygorskite.

2. Palygorskite—X-ray diffraction analysis indicated that the shaly
clay occurring as bands was very pure palygorskite. The green and pink
clays from the floor of the quarry each contained palygorskite and mont-
morillonite with a little dolomite.

. A chemical analysis of the clay separate (less than 0-002 mm.) of the
pure palygorskite is given in table I. Tt is almost identical with South
African palygorskite (8), but differs from most other published analyses
in that there is a little less alumina but correspondingly more magnesia.
No calcium was found and this is probably an indication of the high
purity of the material analysed. During the separation of the clay it
was treated with 0-2v HC, so that any carbonate would have been
removed. Most published analyses show several per cent. CaO, but
since calcium probably cannot occur in the lattice of the mineral and
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since only about 1 9, CaO can be accounted for as exchangeable cations,
any excess over this is most likely due to contamination.

TasLi [. Chemical analyses of palygorskite and sepiolite.
{Percentages calculated on oven-dry basis.)

1. 2. 3. 4. 5. 6.

Si0, 59-09 61-60 59-02 75-50 61-17 59-72
TiO, 0-99 — 0-66 0-14 0-23 0-49
AL 0,4 6-84 6-82 9-64 1-06 1-69 0-30
Fe,0, . . 3-70 . .
FeO }421 0-87 {0‘25} 1-84 2-92 —
CaO .. (< 0-01) 0-67 2-22 0-51 0-80 0-60
MgO 14-12 14-22 9-96 12-61 - 20-01 26-70
H,0+ 14-18 14-16 11-98 808 12-82 11-70
&e. — — 2-64 — — 0-41
Total 99-43 98-3¢  100-07 99-74 99-64 99-92
H,0— 8-:00 — 9-12 7-70 11-68 8-18
Exchange capacity

m.e./100 g. 574 20 21 — — —

1. Palygorskite, Mt. Flinders, Queensland, << 2pu.
2. 5 Dornboom, South Africa. HyO given as ignition loss. (Heystek
and Schmidt, 8.)

3. N Attapulgus, Georgia, U.S.A. (Bradley (9) recalculated to oven-dry
: basis.)
4. Sepiolite, Mt. Flinders, Queensland.
5. as Mt. Flinders. Calculated, deducting chert, assuming an average of
61 9, Si0O, for sepiolite.
6. - Yavapai County, Arizona. (Kauffman (10), recalculated to oven-dry
basis.)

Total exchange capacity determinations were carried out on acid-
washed samples by an equilibrium method using normal ammonium
acetate at pH 7-0. It is seen from table I that the exchange capacity is
appreciably lower than that usually quoted in the literature for this
mineral. This is thought to be due partly to clumping of the sample in
the reagent, as saturation of the raw material (containing 72 9, of the
<< 0-002 mm. fraction) under vacuum to displace all entrapped air gave
a value of 7-34 m.e./100g. This is still greatly below the accepted
exchange capacity and the discrepancy has yet to be explained. One
sample from the floor of the quarry gave a value of 34:15 m.e./100g.,
but this material is known to be contaminated with montmorillonite.

The palygorskite clay was heated at 100° C. intervals to 1000° C. and
diffraction patterns were obtained for each temperature. The diffraction
data agreed, in general, with those of Longchambon (11, 12). The
10-5 A. line became faint at 550° C. when a 9 A. line began to appear.
The mineral was converted to a-cristobalite and enstatite at 850° C.
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3. Sepiolite—The hard brownish cores in the shaly clay were identi-
fied by X-ray diffraction as sepiolite with some chert and a little paly-
gorskite. The cores were covered by a crust intermediate in properties
between the brown core and the clay, and this contained about equal
amounts of palygorskite and sepiolite with a little chert.

The brown cores were hard and dense and this departure from the
normal physical properties of sepiolite is to be explained by its impreg-
nation with chert. A chemical analysis of the material of the core is
given in table I. If sepiolite is considered to contain 54 %, Si0,, then
the sample contains 34 9, free 8i0,.

X-ray diffraction patterns of heat-treated samples were in reasonable
agreement with the results given by Migeon (13). The 12 A. line of
sepiolite disappeared at 850° C. and at that temperature the mineral
changed to enstatite and «-cristobalite. Migeon did not detect the
cristobalite phase until 1100° C. in the heated sepiolite. As the sepiolite
found in the quarry was intimately mixed with chert, the temperature
at which the o-cristobalite phase first appears is difficult to determine.

4. Chert—Chert was a contaminant of most of the samples examined
and was identified by the strong diffraction line at 4-1 A and 2-5 A.
‘When pure it gives a diffraction pattern similar to but not identical
with that of B-cristobalite (14). Gruner (15) discusses the occurrence
of cristobalite in bentonites and fuller’s earth.

5. Soil.——A rendzina soil overlies the dolomite outerop at this quarry.
An examination of the clay fraction of the soil showed palygorskite with
small amounts of sepiolite, dolomite, calcite, quartz, chert, and mont-
morillonite. Palygorskite has been observed as a clay mineral of brown
desert soils in Syria (16) and terra rossa soils in the south of France (7),
but there was no indication in these reports as to whether the mineral
was a constituent of the underlying limestones. The presence of paly-
gorskite in the clay fraction of this soil probably indicates relatively
mild pedogenic processes leading to the genesis of the rendzina.

MiNERALOGY OF THE QUEEN’S PARK BORE.

To determine the extent of the palygorskite occurrence, other dolo-
mites from the area were examined. Through the courtesy of the
Queensland Geological Survey, samples from a deep bore, NS2/1944 (17),
at Cribb’s estate (NW. corner of portion 131, Queen’s Park, Ipswich),
were made available for study. This site is about 17 miles NNE. from
the Ibis quarry. The bore was put down to a depth of 903 feet, and
basalt occurred at the following depths: 125-130, 235-283, 333-388,
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and between 414 and 760 feet, interlayered with soft brown mud.
Between these flows dolomitic clays were found. The following gives
the results of the X-ray analysis of the samples which were available:

120 feet: dolomite and montmorillonite with traces of palygorskite
and kaolin.

209, 213, 215, 218 feet: palygorskite and dolomite.

220 feet: palygorskite, dolomite, and montmorillonite.

300, 308, 315 feet: palygorskite and dolomite.

384 feet: dolomite and palygorskite.

393 feet: dolomite, sepiolite, and trace of palygorskite.

790 feet: quartz and montmorillonite.

805 feet: quartz, montmorillonite, and kaolin.

Taking local variations into account, the dolomite deposits down to
393 feet appear to be very similar to those found in the Flinders quarry.
It therefore appears that palygorskite and sepiolite may occur fairly
widely in limestones of the Ipswich area.

ORIGIN OF THE PALYGORSKITE,

Dunstan (18), in a report on the suitability of Flinders dolomite for
cement manufacture, considered that the dolomite deposit was formed
by a combination of lime from local calcareous sandstone, with magnesia
from decomposed basalt. It is now considered, however, that the sand-
stone is non-calcareous. Nevertheless, there seems no reason why both
the calcium and magnesium could not have come from the weathering
of the basalt. The tropical weathering of basalt consists largely in the
removal of alkali and alkaline earth metals and silicon. Iron and
aluminium, as shown by their concentration in tropical soils forming
from basalt, tend to be retained. In the present instance, the calcium,
magnesium, and silicon from the basalt appear to have been deposited
in lakes as dolomite, sepiolite, and chert. Subsequent additions of
aluminium probably altered much of the sepiolite to palygorskite.

Longchambon (19) has observed that palygorskite appears to be
formed by the alteration of pyroxenes and amphiboles, and in a later
paper (12) he proposed that palygorskite is derived from sepiolite by
the isomorphous replacement of magnesium by aluminium. Although
palygorskite and sepiolite appear to be related they are not isostructural,
and more work, particularly on the structure of sepiolite, will be necessary
before the relationship of these two minerals is understood. Heystek
and Schmidt (8) suggest that, in the Transvaal deposit, palygorskite
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has been derived from montmorillonite. There is no evidence at the
Mt. Flinders deposit supporting this hypothesis and it appears that, in
the Ipswich area, palygorskite is formed from sepiolite.
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