



























































































































































MINERALOGY-HATRURIM FM.

occurs in close paragenesis with ettringite, port-
landite, tobermorite, hillebrandite, hydrocalu-
mite, gypsum, foshagite, aragonite, and calcite.
It is relatively abundant as’ ve1n and cavity

fillings in calc-silicate rocks. It occurs as a rock-

forming mineral in several samples from Hatru-
rim, from the upper part of the stratigraphic

section equivalent to the Taqiye Formation..

The rock-forming afwillite appears as a ground-

mass of radial aggregates of fibres or as spheru- ..
lites (Plate XXII — 6). Afwillite occurring in *
veins lines the walls while the interior is filled
by tobermorite and ettringite. The crystals show. .
a prismatic or tabular habit and are inclined to
the walls of the veins. They are up to 2 mm in

length, the faces of some of them b'eing pitted

and corroded by calcite (Plate XXII — 4).
Afwillite filling cavities occurs as sheaflike ag-
gregates. The mineral is white or colourless, has
a perfect {001} and a poor {100} cleavage (in- =
dices according to the optical orientation of ‘
Parry and Wright, 1925). The prismatic crystals :

are elongated in the b-direction and the tabular
ones parallel to {101} . The optical properties
are: biaxial, positive, 2V ~ 50° | dispersion
r<v,X A c=31° elongation (), nX=1.618,

nY = 1.620,nZ = 1.634. nZ —nX = 0.016 (all = .
0.002). The mineral dissolves in HC1 and is

stained orange-red by alizarin.

In Fig. 12A the DTA and TGA curves of an
afwillite rock are shown. The water is expelled
in a broad and asymmetric peak beginning at
320° C, with a maximum at 355° — 390° C. A
small exothermic effect at 845° — 850°is due to
crystallization of larnite with some rankinite. It
is a secondary mineral formed hydrothermally

at 110° — 160°C according to Heller and Taylor :

(1952b). In hydration experiments performed

by the present author, afwillite was one of the - g Lo
prophylllte - KFCa.; [Sl4 01 0 ]2 8H2

main phases obtained by autoclavrng larnite
rocksat 110°C.

Dicalcium-silicate-hydrate — «-Ca, [HSiO, JOH
This compound was synthesized by Thorvald-
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“son and Shelton (1929) Wells et al.
~and others It is readrly formed hydrothermally

 Until now it was n

S. GROSS

at temperatures between 100° and 200° C. The‘

“crystal structure was ‘studied by Heller ( 1952)
In its cryptocrystallme form it was’ 1dent1ﬁedq
1954).
t known asa natural mmeral&
and this is its ﬁrst report as such. The mlneral'

only by DTA curves (Kalousek et al,

occurs as a cavrty f1111ng in melrhte-larmte rocks

: It occupres the centre of the cavrty and 1s sur-
“rounded , by tobermorrte and Jenmte The
: dxcalcrum srlrcate 1s also a mmor constituent of

rocks consisting predommantly of calcium-
silicate hydrates In mlcroscoplc 1nvest1gat10n
of samples in whlch 1t appears well-crystalllzed

>aggregates of prlsmatrc crystals of high rehef
" positive elongation and parallel extinction were?’
‘ wobserved Twmnmg is srmple or crucrform (Plate
XX — 2, 3). The mmeral is blaxral posrtrve
nX — nZ 0. 007 In the SEM photomlcrograph
- 4\.orthorhomb1c ‘tablets (Plate’ XX — '3) char-
: :actenstw of this compound are observed The

strongest spacings recorded were: 4. 22 (vs),

390 (s) and 3.27 A (vs). A DTA-curve of a
" rock in which the drcalcrum-srlrcate hydrate is’
~ one of the main phases is given in Frg 12,curve
- D. It exhibits an endothermrc effect in the range’
of 470° — 480° C and an’ ‘exothermic oneat

880° — 900° C showmg thereby that it has a
high Ca0/3102 ratio. Heating the* specrmen to
800° C-gave larnite: Mlcroprobe analysrs of. th1s

sample confirms the ratio of CaO/SrOz to be’

2. The «dicalcium- srhcate-hydrate was’ obtam-\

ed as one of the minor phases by autoclavmg a’
sample of larmte—mayemte—brownmlllerlte rock

at 1 10° C wrth a small amount of water

E Phyllosrlrcates L

Apophyllite " in “nature - occurs “mainly - ‘in:

amygdules in basalts, cavities in gramtes ﬁs— ;
_ sures in metamorphic rocks, and in calc-srlrcate__,,g ;
rocks,

where it is sometimes an alteration

53
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product of wollastonite. (Bailey, 1941; Vorma,
1961; Kostov, 1962; Tatekava, 1969; Chukhrov
etal, 1973).

The apophyllite of Hatrurim is associated
with tobermorite, calcite, quartz, and oc-
casionally with stilbite. It occurs in veinlets,
fissures, and cavities of a tobermorite rock in
the Hazeva Formation, and is especially abund-
ant in the altered sandstones and conglomerates
of the Hazeva Formation (Kolodny et al,
1973). In thin-section, single crystals of
apophyllite occur in the centre or at the borders
of quartz grains replaced by fibrous tobermorite.
Quartz grains replaced in the centre by apophyl-
lite and surrounded by bundles of stilbite were
also observed. Apophyllite occurs as colourless,
tabular or prismatic crystals terminated by dipy-
ramids up to 0.6 mm in diameter, with perfect
basal cleavage on {001} (Plate XXIV — 1).
Twinning on {111} was also observed. The
mineral is uniaxial negative, n = 1.538 = 0.002.
It is distinguished by its anomalous ultra-blue
to brown interference colours. Some crystals
-are zoned (Plate XXIV — 6). An analysis by
electron microprobe (by Y. Kolodny) gave the
following results: K, O — 5.1%, SiO, — 56.4%,
Ca0 — 26.2% . The DTA-curve of apophyllite
(Fig. 13) exhibits two endothermic effects, a

aT

895°
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Figure 13: DTA curve of apophylhte (sample SG'625).
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strong one at 310° and a second, weak one at
about 400° . At about 395° a weak exothermic
effect is observed. The DTA data agree with
those given by Kostov (1962) for a specimen
from Bulgaria.

Apophyllite is a secondary mineral and .is
formed through the action of hydrothermal
solutions, rich in lime and containing some
fluorine, on quartz grains at temperatures be-
low 300° (the temperature of its decomposition)
and possibly at much lower temperatures.
Orthoclase present in the sandstone served as
a source of the potassium.

Pyrophylite — Al, [Si, O,, ](OH),

Pyrophylite was found in two samples:of
melilite rocks. It occurs in voids and veinlets,as
groups of lamellae, or as radiating spherulitic
aggregates. The optical properties are: elonga-
tion positive, biaxial-negative with a moderate
2V, nZ — nX = 0.045. The microscopic identi-
fication was verified by X-ray diffraction. On
the DTA-curve an endothermic effect at about
760° C was observed due to dehyroxylation.
The mineral is associated with tobermorites and
lizardite.. It was formed:by hydrothermal altera-
tion of the melilite rocks.

Biotite — K (Mg, Fe); - (AlSi; O, |[(OH, F);)
Biotite is found as detrital flakes in ‘the’silt

fraction of a low' grade: metamorphosed’ marl

from Kefar Uriya, and in the Hazeva sandstone

.at Hatrurim.? In -some -quartz. grains-. minute

inclusions. ‘of hexagonal : scaly --habit, about

:80.u across,were observed. The mineral is .pleo-

chroic «from :colourless. or: yellowish : to :reddish

.brown. It:is biaxial negative w1th 2V nearly zero
‘and dlsper81onr<v U :

Xanthophyllite —,Ca(Mg,Al)3 [Al, Si; Oy ](OH),
Xanthophyllite occurs usually “in “talc-and

chlorite-schists and :in ‘metasomatically altered
llmestones (Knopf and Lee, 1957) ‘The mineral "
nwas 1dent1f1ed optlcally in a sample of mellllte

GSI Bull, 70, 1977
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rock from Hatrurim, associated -with melilite,
spinel, vesuvianite, rankinite, and garnet. The
colour of the mineral is bottle green. Cleavage
is micaceous on 001
X-pale olive green, Z,Y-olive green. nY = 1.662 +
0.002, nZ — nX = 0.012, biaxial negative,
2V ~ 10° . The X-ray pattern resembles that
of the xanthophyllite from Crestmore (Forman,
1951). Christophe-Michel-Levy (1964) reported
that xanthophyllite was obtained during the
hydrothermal synthesis of melilite at 500° C,
at a vapour pressure of 500 bar. The xantho-
phyllite of Hatrurim seems to have been formed
by hydrothermal alteration of the melilite
rocks at temperatures probably lower.than those
suggested by Christophe-Michel-Levy.

s

T
N

Chlorrte — (Mg, Fe, Al)6 {(Si, Al)4 10](OH)8
“*Chlorite 'is very rare:at Hatrurim. Two varle—
ties of chlorite were observed: L 5 eny
1) In most instances it occurs as ﬁne-graine'd‘
scaly aggregates- of dark green colour in spur-
rite rocks, together with iron sulfrde and organic

matter. The scales are up to 17 u across. They-.

_are braxral negatrve with a small 2V. Pleochroic

in green shades. n = 1. 660 + 0 002 B1refrmgence\

weak. According to- the optrcal propertles thrs‘: :
T (Cagp13 Mgo.n Nao 12 Ko.10 )(Alz ) Fe 0.57 e
,2) 'More rarely chlorite occurs m cavxtres ‘of * Tio.loMgy.24 )(Sizos Aly 25 )02 (OH),

’Tweathered carbonate-zeollte rocks as aggregates T

. chlorite is probably thurmgrte

characterized by.a 7 A spacing. On.heating-to
+500° C-this:spacing: weakens and the.14 A
- one “appears. This chlorite is destroyed by hot
‘HCl.:It seemsto be a chamosrte Croche vy

nhte‘Kc 520.75 (Al Fe Mg)z [(Sl, Al)4 010 ](OH)z
~This mineral occurs in small amounts in bitu-
'minous t marls-and . gypsiferous ~rocks of “the
* Ghareb- Formatron Identrfrcatron is based on
DTA and X-ray exam1nat10n ’

The illite is a primary, unchanged sedrmentary s

mineral.

GSI Bull, 70, 1977

. It is pleochroic with: -

:Montmorlllomte e, .
.- The most widely dlstrlbuted montmorrllomte
in the Mottled Zone is the trroctahedral one, the
;‘d1octahedral being less common,

S. GROSS
"The smectite group

Montmorillonite is. by far the dominant clay
of the. shales marls, and gypsrferous rocks of
the Ghareb Formatron 1t is less common in the
metamorphosed marls equlvalent to the Taque
Formatlon The clay -oceurs as fme-gramed
aggregates of. pale yellow grey or brrcklrke
colour. The mdlces of refractron dependmg on
composmon and hydratron state vary in the
range of 1.480 to 1. 580 and the brrefrmgence
from-0. 020 to 0.35. The crystal size as measured
by - peak broadenmg on the drffractogram doo |
isabout 40 A. i

Ident1f1catron of specres is. based on Xray,
DTA m1crochemrcal lest, chemrcal analyses and

determination of phases obtamed after heatmg
the clay to lOOO C

..In Table 26, column 3 the result of a chemrcal

;analysrs of a ditrioctahedral montmorlllomte is
-given. After subtraction of. apatrte the followmg

structural formula is obtained:’

Curve D on Fig. 14 is a curve of a normal”
montmorrllomte according to the defmrtron of

. McKen21e (1957) It shows a large,. double low-
temperature peak due to loss - of absorbed
~moisture, a small endothermxc peak at 710 C
‘and ‘an S-shaped endothermrc-exothermrc peak
system at 825° C and 850° C respectrvely The

,_’”peaks at 710° and 825°C are due to dehydroxy-
<lation and the exothermrc one is attnbuted to
‘the .formation of . spmel
hematite. ‘

crrstobalrte sand
Curve C is a curve of an ¢ abnormal” drocta-
hedral montmorillonite. The sample exhibits an

endothermic peak at 540° C. The S-shaped peak
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* Table 26. Analyses of clay minerals

1 2 3 4 5 6 7 8 9
Si0, 45.08 46.24 47.39 25.23 30.70 24.1 27.60 67.66 23.52
AL 0, 10.18 12.87 11.90 9.95 12.25 9.0 8.05 11.12 8.66
Fe, O, 1.86 2.26 469 - 14.78 12.07 11.6 2.22 15.28
FeO neg. neg. neg. neg. n.d. n.d. neg. nd. 0.20
Cr; Oy 7.68 6.67 n.d. n.d. n.d. n.d. n.d. nd.
Tio, 033 0.37 0.81 0.65 nd. . ond. 1.03 0.48 n.d.
MgO 5.37 5.20 6.04 16.93 20.80 27.4 38.82 5.16 24.78
Ca0 2.45 2.33 5.05 5.89 3.46 2.6 1.17 5.95
MnO n.d. n.d. 0.07 0.21 0.81 n.d. 2.13 n.d. 0.39
K,0 0.03 0.01 0.44 0.01 n.d. nd 0.10 0.13
Na, O 0.12 0.08 0.40 0.07 nd. n.d. 0.10 0.44
P, O, 0.64 0.45 225 2.06 2.21 1.7 0.67 2.00
SO, 0.39 0.08 014 2.91 n.d. n.d. neg. n.d.
H,0+ 7.21 10.12 9.77 12.62 10.35 9.0 11.28 14.27
H, 0~ 1697 14.67 10.77 8.51 6.35 13.3 22.37 n.d. 2.96
Org. mat. nd. n.d. nd. : nd. 0.10 n.d. nd. n.d.
Total 98.31 101.35 99.72 99.82 99.10 98.7 100.00 99.96 98.58

, Number of ions

Si 7.67 7.48 7.75 3.18. 3.42 2.92 2.92 2.80
Al } 8.00 }s.oo } 8.00 }4.00 } 4.00 }4.00 } 392 }4.01

033 0.52 02sJ: 082 0.58 1.08 1.00 1.21
Al 1.70 193 2.09 0.64 1.02 0.20
Fe*" 0.24 0.28 0.57 1.40 1.00 © . 1.06 137y ¢
cr** 1.03 »4.00 0.85 $4.00 4.00 5.32 5.54 6.14 Fe? 002 (5.82
Ti 0.04 0.05 0.10 0.06 0.08
Mg 0.99 0.89 1.24 3200 3.46. 4.88 6.16 4.43
Mn 0.02 0.06
Ca 0.24 0.31 0.13 0.16
Mg 038 } 0.64 0.37 } 0.70 0.21 § 056 } 0.17
Na 0.02 0.02 0.12 0.01 0.10
K 0.10 J- 0.02 {0.12
OH 4.00 4.00 4.00 4.00 7.68 7.30 8.00 8.00
o 20.0 20.0 2000 5.00 10.00 110,00 - 10.00 10.00
H,0 2.07 3.48 338 1.16

1. Volkonskoite, Nahal Ayalon. Samplc SG. 131. 2. Volkonskmtc Hatrurim. Sample SG 157. 3. Montmorillonite with some apatite,
Hatrurim. Sample SG. 413. 4, 5. Lizardite with some montmorillonite and apatite ‘as impurities. Hatrurim. Samples SG 408 and SG. 503
6. Lizardite with apatite as impurity. Hatrurim. Sample SG. 361. 7. Lizardite from Hatrurim, recalculated from bulk analysis of a
lizarditic limestone after deduction of calcite and apatite. Sample SG. 364. 8. Mixture of silica “gel” (?) and Al-serpentine. Hatrurim.
Sample SG. 333. 9. Lizardite with apatite as impurity. Hatrurim. Sample SG. 159. )

Analyses 1-4,7,9 by M. Gaon. Analyses 5,6 and 8 by S. Ehrlich.

B = i

characteristic of “normal” montmorillonites is
absent.

hydroxylation temperatures of both types:.is
about 150° C. This agrees with the experiments

Montmorillonite  of non-metamorphosed
phosphorites is dehydroxylated at 720° C. The
montmorillonite of the thermally-metamor-
phosed phosphorite does not exhibit the low-
temperature endothermic peak,and the dehy-
droxylation peak appears at 565° C. It seems
that this montmorillonite was dehydroxylated
at the time of the thermal event and was-later
rehydroxylated. The difference of - the de-

56

of Heller et al. (1962).

Saponite. -, 4 . o s

This clay mlneral is relatlvely abundant The
spacing dg.0) 14.8 A collapses after heating,
to 9.7.A. The DTA-curve of.a specimen of .-
saponite mixed with .an., Al (?)- serpentine”is;;,;f"
shown in Fig. 14, curve E., The endothermic ef-*
fects charactenstnc of the sapomte are the low

"GSITB'uiiﬁ 70, 1977
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0 200 400 . i 6([)0 e 390 . 1000
T

TR |99‘},’}‘x. "J o
0o ,200 . ‘_‘400_’

Temperoture °C

F1gure 147 DTA chrves of clay mmerals A — allophane :
(sample SG 337); B — volkonskoxte (sample SG 131);:

C - nontromte (sample SG 524) D - tnoctahedral

‘montmorillonite (sample SG 169); E — sapomte with-

Al - serpentme (sample SG 413); F = 1111te with mont-
monllomte (sample SG 202) A S

- & Lo
tH o I s e Chg

temperature peak at 100° — 200° C due to loss:
‘of absorbed moisture, and a single “peak. at'j
840° C due to dehydroxylatlon This peak is -

followed by an exothermic one at 880° C. The
phases:

sample shows its platy character, and a notable -
~ tendency to elongation.

GSI Bull. 70, 1977

600 800 1060 .

formed .upon " dehydroxylation - are:
‘enstatite, cristobalite, spmel and sdllmamte The‘
SEM mlcrograph (Plate XXIV — 4) of thlsi» 2

S.GROSS

Nontronite " -« “7 7 o T s e
Nontronite -occurs 'in ‘some’, marls and in- the
weathering crusts ‘of melilite rocks,-associated.
with brucite, tobermorites” and’ a - serpentine
mineral. -It is brown "and "slightly - pleochroic
from~ pale: brown to: brown. It does not swell
with’ glycol. The dehydroxylation peak on the
DTA curve appears in the range of 450° = 540°C
and’the weak exothermic:effect at 845° C. The
nontronite of the-weathering crust was'formed
by thealteration of the ferrian-gehlenite. ~-7

Volkonskoxte : ST e i
Volkonsk01te 1s-a-. dloctahedral clay of the
montmonllomte,, group in which' Cr: substitutes
for Al-in’the octahedral-layer:»The mineral is.
widely. distributed throughout' the lower part
of "the Hatrurim:-Formation. The rocks-of :this
‘sequence.’are “cut :by “numerous:irregular rand
winding veins which range in 'width from a few
millimetres to a - few centimetres. ~-They may
reach a few metres in_length (Gross and:Bentor,
1966 “Gross et al.; 1967) Transitions between.
‘these veins-and the host rocks may be:sharp or
.gradational.’: Apart - from the volkonskoite - the
“veins areiifilled by calcite”and: small :amounts
of ~gypsum,: anhydrite, - halite;. -apatite - vor
aragonite. The volkonskoite-is bluish-green and
-earthy.. At.Nahal :Ayalon  round:concretions up
to 5.:mm in diameter of grass-green volkonskoite
occur: m an argillaceous limestone::In immersion
lquIdS ‘the colour varies from grass-green to pale
-bluish-green: The optical:properties of this clay
.are: non-pleochroic;" the _.elongation of . ~the

" ‘flakes is positive. The mineral is biaxial negative

with a small 2V. The mean index of :refraction
‘varies in a broad range: n =:1.496.—1.556, nZ —
nX = 0.020. The mineral “swells with™ glycol
and the basal spacing — 14.5 A — shrinks to
9.6 A after heating to 500°.

“Two- analyses of volkonskoite are. given:in
‘Table 26, columns 1 and 2. The “structural’
formulae calculated after subtractmg the im-
purmes as gypsum and apatlte re: .
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1) (Cag.s Mgo.3s YAlL» F93+o.24 Cr¥'im Mgo.o0
Tio.04 )(Sis.67 Alo.33 )02 (OH)a

2) (Cag.3 Mgo.37 )(Alyg3 Fe3* .85 Cr3* 0.8 Mgo.s0
Tio.os )(Siz.as Alo.s2 )O20 (OH)a

Chemical analysis reveals a Cr, O; content
higher than in any other occurrence of volkon-
skoite described so far (Serduchenko, 1933;
Kiselev, 1938; McConnell, 1953; Andritzky,
1965). A DTA-curve for volkonskoite from
Israel has been published by Holdridge and
Walker (1968). The sample examined was a
mineral mixture containing some 4.5% Cr,0;,
appreciable lower than typical samples from the
area. The DTA-curve of a typical volkonskoite
from Hatrurim is given in Fig. 14, curve B. The
interlayer water is expelled with a broad low-
temperature effect with a maximum at 120° C.
The small exothermic peak at 340° C is due to
crystallization of eskolaite (Cr, O;). Three small
endothermic peaks at 545°, 620° and 715° are
due to expulsion of hydroxyls. At 950° C
another exothermic effect appears and is at-
tributed to the crystallization of new phases.
The phases obtained by X-raying of a specimen
heated at 1000° C are: cristobalite, eskolaite,
enstatite, and spinel. The volkonskoites of Ural
and Caucasus are genetically connected with
ultrabasic rocks containing Cr-minerals. Andrit-
zky and McConnell leave the problem of the
genesis of the volkonskoites open. The vol-
konskoite of the Hatrurim Formation was
formed by hydrothermal alteration. Along the
numerous cracks formed by cooling of the
metamorphosed rocks, Al, Si, Fe, Cr and Mg are
leached by ascending solutions from the host
rocks and crystallize later as Cr-clay. The
chromium came from the black shales and from
phosphorites, in which it is a typical trace ele-
ment.

Kaolinite — Al, [Si, O, ]J(OH),

Kaolinite occurs only in one sample of a chalk
from Hatrurim. It was identified in the clay
fraction together with montmorillonite. After
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heating to 600° it is X-ray-amorphous.

Halloysite — Al, [Sis Oy J(OH)s .4H, O

Identified in a marl from Kefar Uriya by the
10 A basal spacing,shrinking to 7.4 A after heat-
ing at 200° C. On the DTA curve it exhibits a
small endothermic effect at 540° C and a weak
exothermic one at 930°C.

Sepiolite — Mg, [ Si, O,5 I(OH), ].6H, O

Occurs in minor amounts in several samples of
chalk and gypsum rocks. Identified by its X-ray
pattern. The basal spacing of 12.5 A is not af-
fected by heating at 300° C. Above this tempera-
ture the 12.5 A spacing weakens and the 7.6 A
increases in intensity. It is associated with
montmorillonite and lizardite.

Serpentine group

Lizardite — Mg [Sis O J(OH)s

Lizardite is a very common mineral at Hatru-
rim, especially in slightly metamorphosed marly
limestones of the Taqiye Formation, where it
constitutes up to 35% of the rock.

The mineral was first described by Midgley
(1951). Examination under the electron micro-
scope shows that lizardite has a platy mor-
phology. Powder examinations by Whittaker and
Zussman (1956) on Midgley’s samples suggesied :
that it has a single-layered unit cell and is
pseudo-orthohexagonal. This was confirmed by
the single-crystal analysis of Rucklidge and
Zussman (1965). Lizardites generally show
some chemical substitution of trivalent Al and
Fe ions for Mg or Si, or both. According to Gil-
lery (1959),platy crystals.with high Al content
may have a one-layered or six-layered orthd-f
hexagonal cell, those with the highest Al content
having six-layered structure. Recent electron -
microprobe studies ‘by:Page (1968) show .that -
lizardite - is - consistently “more -iron-rich : than:
other serpentine, »minerals,” The - ‘natural - siX-“f :
layered serpentines were described - by Br‘iﬂdley
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and Von Knorring i (1954),.. Zussman" and
Brindley (1957), and Bailey et al. (1960).-An
iron-lizardite - was- described by :Chie Pin-Weén
et al. (1964). :

Lizardite - occurs either: homogeneously dis-
seminated throughout the rock or in:aggregates
up to 30 u across. The colour of the mineral'in
thin section‘is usually a'very faint pale yellow,
brownish, or greenish. Some ‘specimens. are
turbid because of the presence of a fine hematite
dust.-In a specimen from'a calcareous sandstone
a ‘white~lizardite was‘observed.: The mineral is
extremely’ fine-grained: The crystal size calculat-
ed” from the X-rays:i‘dyo,: = 100 = 170 A.
Preparates for optical investigation are homo-
genized or intimately mixed with some iron
oxides. “The mineral is biaxial negative ‘with
small 2V, n = 1.550 — 1:558 (+-0.002). nZ —

X = 0.008 — 0.010. X-ray diffraction data
of "different’ lizardites are given in Table 27.

Table 27. Diffraétjid’n data for serpentine minerals’

S. GROSS

The basal spacing varies from 7.40 A to 7.19 A,
decreasing with increasing Al content: (Zussman
and Brindley; 1957).: X-ray . diffraction:shows
that most of the spec1mens are not a pure phase
but .contain: some ! montmorlllomte apatlte
hematite or bayerite. "7 ol e X

:“In=Table :26,:columns 4, 5 6 7 chemxcal
analyses .of. serpentines are given, calculated-on
the basis of 18:(0,:OH) and assuming that the
tetrahedral layer.is completely filled. Sample 7
is'a pure Mg-lizardite, samples 4, 5, 6 have some
montmorillonite -as impurity.=Iron; which ‘was
present in all other samples, was incorporated in
the formula:if ‘no-X-ray,: DTA, or microscopic
evidence was found for the presence of hematite
or other iron oxides: Highly sensitive DTA
runs’in’ the .range: up -to 400° C.were made:for

‘the detection of-Al (OH), phases and; if found,

TGA runs were made and the amount of
AI(OH); . was" calculated’ according to the loss

e : PO ¥ ono@ A T T

Sample P oon2 S s 3.

P LA .
hkl | [d(meas)A I > d(meas)A 1.~ * - d(meas)A I ]~ -hk ;dmeas)A I "7'57, d(meas)Al,, _ hKl .. d(meas)AT
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1. leardnte from a matrix of a metamorphosed sandsione Sample SG.'192.° 2. Lizardite; lizarditic limestone, Sample SG 429.+

3. Lizardite, lizarditic limestone, Sample SG. 503. 4. Al-serpentine, calcite-garnet rock, Sample SG. 333. 5. Al—serpentme, shghtly,,

metamorphosed ‘‘marl”, Sample SG 316. 6. Poorly crystallized serpentine, from weathercd mehhte rock Sample SG 281.

GSI Bull. 70, 1977




S. GROSS

of water in the range 200° — 350° C. In no case
more than 2.5 per cent of AI(OH); was found.
It was not possible to deduct the montmoril-
lonite impurity when present.

It was found that in all cases Al substitutes
for Si in the tetrahedral layer. The octahedral
layers are filled entirely only in the case of pure
Mg-lizardite; in all other cases Fe>* and Al proxy
for Mg, and the octahedral total is low. The
same feature, a deficit in octahedral total, is
reported for lizardites from other localities.

The calculated structural formulae for the
lizardites are:

SG. 408 — (Si3.15 Alo.s YMg3.20 Alo.es Fe1.a0)
(OH)3 Oy
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Figure 15. Infrared absorption spectra of clay minerals:
A — volkonskoite (sample SG 131); B — montmoril-
tonite (sample SG 413); C — “Isotropic matrix” — con-
sisting of silica gel (?) and Al-serpentine (sample SG
333).
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SG. 503 — (Siz.a2 Alo.ss (Mg3.06 AlLco Feiw)
(OH)s Oy

SG. 361 — (Siy.op Al Y(Mga.s5 Aloo Fey.06)
(OH)3 Oy

SG. 364 — (Siy.e0 Aly.oo Y(Mge 16 (OH)s Oy

SG. 159 — (Siz.e0 Aly 2 YMga.a3 Fe? 1.37 Fe'? 0.02)
(OH)5 Oyo

The DTA and TGA curves of the lizardites
are given in Fig. 16.

Lizardites dehydroxylate at lower tempera-
tures than do antigorites. Low-temperature
endothermic peaks represent the loss of ab-
sorbed water, and the broad and deep endo-
thermal effect with maximum at 625° — 635°is
due to dehydroxylation. The TGA curve shows

o . 290 . 4(?0 6(')0 800 1000

1 1 1

i N A' 1
400 600 800 1000

Temperature °C

Figure 16. DTA curves of serpentine minerals: A —
Alserpentine with lizardite (sample SG 364a); B —
lizardite (sample SG 429); C — poorly - crystallized
serpentine mineral with montmorillonite (sample SG
281); D — Al-serpentine (sample SG 420).
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the water to be lost in- the range of 400° —
750° C. At 820° — 830° C:the curves exhibit
strong exothermic peaks, related to:the:forma-
tion of forsterite in the case of pure Mg-serpen-
tine, and of a mixture of forsterite + spinel, and
hematite in lizardites with substitutions of ‘Al
and Fe, as estimated by X-ray-examination-of
those specimens after heating:to.1000°% C: The
endothermic effect at 180° C is due to bayerite
as an impurity. The basal spacing 7.3A is not af-
fected by treatment with boiling-HCl:1:1, but in
the DTA curve no more peaks: are:visible. The
basal spacing remains unaffected by heating up
to 600° C. After prolonged heating "at this
temperature a broad reflection appears in some
specimens at about'13.6° — 14.6 A and in others
at 12.6A. On heating to 700°. C an.additional
spacing at 11.3 A is:observed, beside the spac-
ings of olivine. According to:Nelson and Roy

(1954, 1958), these reflections.may belong to

transition phases on the course of transforma-
tion to olivine. The 14 A spacing:is characteristic
of a two-layered cell: 2 x 7.3 =146 A.

The LR. spectra of typical:lizardites from
Hatrurim, recorded by S. Yariv:of the Hebrew
University, are presented in Fig.-17. They can be
divided into two groups: Curve A is typical for
magnesium lizardites (Table 26, analyses 6, 7)
with basal spacings in the range 7.36 —- 7.28 A
and is similar to curves of.lizardites given by
Brindley and Zussman (1959), Veniale : etal
(1963), and Luce (1971). The strong band at
3680 cm™ appears at low wave numbers com-

pared to other published lizardite spectra. Curve

B is typical of Al-substituted.lizardites (Table
26, analyses 4, 5) with basal spacings in the

range 7.19 — 7.25 A. The band at 3680 cm™ s
absent. The broad and strong absorptron band",’,z

observed on both curves in thé range 3700 —
3200 cm™ may be interpreted as due to a com-

bination of free hydroxyl 1ons and hydrogen-

bonded water molecules.’

The dehydroxylation of group A, as""oby.fr_;:

served on DTA curves, occurs at about 630° and
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Flgllre 17. Infrared adsorption . spectra of hzardltes

A— sample SG408;B — sample SG'503.
of group B at about 625 C -

The “lizardites ~“from Hatrurrm .were formed
by dedolomitization” of the dolomitic biomi-
crites of the upper Ghareb or Taqiye Formation
(Danian). The sediments underwent heating dur-
ing ‘the thermal”event«to~a temperature:that
probably did not exceed 400° C. During:this
phase ~water vapours:enriched in.:CO, ‘were
liberated .from the underlying sediments which
were: heated -to-a much: higher “degree. -These
waters penetrated the:overlying sediments; dis-
solving _material from- them. From™ these solu-
tions, which . were saturated:in. ‘Mg, Si and ‘Al
lizardites crystallized “during the coolmg phase
The reaction might be as follows: - 2 ?
6CaMg(COs ), +4(Si0, + Al, 03 )+ 4H,0 —
(Si, ADs (Mg, Al); (OH); 05+ 6CaCO; + 6CO,
- In thin sections of some of these rocks, relict
built “of micritic -calcite and
bordered- by iron pigment, are observed.’ The
trace “element.:content ‘of :Co ‘and- Ni in -the
lizardites also points to ' their sedimentary: ori-

,’grn as it does not exceed a few parts per million.

In Landeman marls llzardlte 1s usually assoclat—
ed with sapomte k
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The frequent association of lizardites with
montmorillonite and especially saponite was also
reported from other localities by Ushakova
(1959) and Ball (1964). As the weathering in-
tensity increases, Mg is preferentially leached
from lizardite, which becomes unstable and is
converted to saponite.

Poorly crystallized serpentine

Lapham (1961) described under the name
deweylite a poorly crystallized magnesiuni-
silicate-hydrate, a member of the serpentine
group, deficient in octahedral ions, that had
been formed from colloid suspensions at low
temperature. The work of Faust and Fahey
(1962) shows that deweylite is a mixture of
stevensite and clinochrysotile, or lizardite.
Speakman and Majumdar (1971) synthesized
“deweylite” by hydrothermal treatment of
magnesia-silica gels of various compositions
and at temperatures up to 180°C. Their synthe-
tic preparations were mixtures of poorly cry-
stallized talc and poorly crystallized serpentine.

A very badly crystallized serpentine mineral
occurs in weathering crusts of melilite rocks in
close association with a dioctahedral montmoril-
lonite, brucite and tobermorite. It is reddish
brown and has an index of refraction of about
1.500 + 0.002. Its X-ray pattern consists only
of weak and broad peaks (Table 27, column 6).
The crystal size, as calculated from peak
broadening, is about 60 A. The thermal be-
haviour and the resistance to acid attack agree
with the observations of Lapham. The DTA-
curve of a mixture of this serpentine with
montmorillonite is given in Fig. 15,curve C. The
curve exhibits 4 endothermic peaks. The low-
temperature peak at 125° C represents the loss
of absorbed water. The endotherms at 540°and
784° C are due to the dehydroxylation of the
montmorillonite (probably a nontronite). The
effect at 623° C is attributed to a serpentine
mineral. The exothermic peak at 843° C in-
dicates the crystallization of new phases. X-ray
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examination shows the presence of enstatite,
forsterite and hematite. The small exothermic
peak at 355° C points probably to crystallization
of a ferric gel. A

The mineral was formed by weathering of a
melilite rock. Its association with brucite and
tobermorite point to a temperature of forma-
tion that did not exceed 100°C.

Al — serpentine

The most commonly occurring clay in the
retrograde metamorphic rocks of the Taqiye
Formation is a 7 A: clay. which is usually .tri-
octahedral, rarely dioctahedral.: It is insoluble
in cold HCl 1:1..The basal spacing of 7.07 —
7.13 A does not collapse on heating to 600°.C
and is still visible at 700° C, although slightly
weaker. The clay does not swell with ethylene-
glycol treatment. The X-ray diffraction pat-
tern (Table 26, columns 4, .5) is almost identi-
cal to that of natural and synthetic aluminous
serpentines. Naturally occurring Al-serpentines
are described by Bailey and Tyler (1960) and
Zhukov (1971). Synthetic ones are discussed
by Gillery (1959), Brindley and Von Knorring
(1954), and Zussman and Brindley (1957). The
general composition of the synthetic Al-
serpentines is: (Siax Al )(MgexAlx)O4 (OH)s;
where x may vary. in_the range 0 — 2.50. Ac-
cording to Gillery (1959) the serpentines with
a low Al content have .a single-layer unit
cell, and the Al-rich ones a six-layered cell.

The clay is of -light cream colour and:ap-
pears by optical examination to be a single phase
n = 1.506 — 1.514. X-ray examination reveals
only the presence of Al-serpentine. Crystal size
as calculated from- peak’broadening is;. . dger =
105 — 175 A. In a SEM photomicrograph:(Plate
XXIV — 3) of a fresh rock :surface consisting
predominantly of:calcite, 7 A ‘clay and. garnets,
spherical particles up'to 2 u in diameter. are ob-
served. These may be silica gel orrallophane
(?) particles. The hexagonal plates, about 0.5 u
across, shown in Plate XXIV % 5 are most li}{ely
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Al-serpentine particles. The chemical analysis of
the clay fraction, which according toX-ray
seems to be composed only of the 7.09 A
serpentine (Table 26, analysis 8), shows it to
consist predominantly of silica. The ratio of
Mg + Si to.Al.is such that it is impossible to
derive a structural formula for this clay. .7 =
The percentage of Al in the-tetrahedral sites
can be estimated from. the basal spacing, using
the charts of: Nelson.and Roy (1958). Following
this technique 0.74 — 1.66 Al replaces a part
of the:Si in:the Al-serpentines from-Hatrurim
(this Al number is calculated: for. four :sites 'in
the tetrahedral layer). The amount of aluminium
in the: Al-serpentines can::also: ‘be Tconfirmed
from its decomposition ‘temperature - observed
on the DTA curve,-and.from a graph presented
by Jahanbaglao and :Zoltai (1968). This latter
curve reveals -the:linear :relationship between
the Al; O; —content (in.wt ~%:) and the decom-
position temperature, and is in agreement with
observations by Roy . .and: Roy (1954) of the
increase of-thermal stabllrty of serpentme W1th
increasing Al-content. : e T
The welght percent of A12 03 m the Al-
serpentines  as: calculated from: the above—men-
tioned graph may range from about 15 to’ 28% .
The DTA curve reveals-the sample to be a mix-
ture of an -amorphous material and Al-serpent-
ine. The DTA-curve of a specimen treated with
cold HC1 1:1 is given in Fig. 15, curve D ‘The
shape of the low-temperature endothermrc peak
is typical of amorphous. materral At 620° =
630° C an endothermic effect characterlstrc of
serpentine dehydroxylatron observed ‘A
moderate to weak - exothermlc effect appears

only at 855° — 880° C. X-ray examination of
samples after heatrng to 600° and 650° C re-

veals, beside the basal- spacmg of 7.1 A, the pre-
sence of the first lines of olrvme and enstatlte at

650° C.. On further heatmg until 800° C these’ )
lines become stronger Olivine and enstatite
start to appear before the serpentine is com-~

pletely destroyed. At 900° C the main phases
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are cristobalite, sillimanite, and olivine.". The

LR. curve is given in Fig.:15; curve C.» = 702

“In :the light of the .experiments of . Nelson
and’ Roy (1958) on:the synthesis of chlorites,
the Al-serpentines seem to be a metastable phase
obtained at temperatures not exceeding 300° C
while at higher temperatures the product might
be=a chlorite. The.subject of:the serpentines of
Hatrurim -and "especially those: contamrng Al-is
bemg further mvestlgated = g

Allophane — nAl2 O3 n18102 sz O 5
This is an X ray-amorphous mineral which is

a mixture of’ hydrogels of Al, 03 "and - SiO;.

‘According to Ross and Kerr (1934) ‘the water is

presumably in an absorbed form. The index of

refraction varies from 1.490 to 1.512. The DTA
curve (Fig. 14,.curve A) exhibits-a large and
broad endothermic peak-in the range of 100° —
250° C. At 980° C a strong exothermic peak re-
lated to the crystallization ‘of the amorphous
matter is observed. Al is leached by 15% HCI,

“leaving SiO, -gel "The” mineral occurs in associa-
tlon w1th other clays in marly rocks DR et

4'

f_, Tectosrllcates e

Analcite — Na[AlSrz 06 1H, 0

-~This mineral "is ‘found "in" small amounts Ain

"some carbonate and gypsum rocks, -associated

w1tha crlstobahte thomsonite, phllllpsrte and

_ vclay (1dent1frcatlon was based on X-rays). It oc-
 curs as 1nterst1t1al grams of radiating aggregates.
) It 1s nearly 1sotroprc wrth a very low index of

“ refraction. Analc1te is a late-stage mineral. It
) ';;‘jyrs con51dered to have been formed by the actxon
fﬁof sodrum contammg solutlons on clays: -

Orthocase - KiAS0,. e

-~ Detrital.” The-:predominant: feldspar in the

«,'vbltummous chalk in the sandstone and conglo-
] merate of the Hazeva Formatlon and in a
sample of tobermorlte rock ln the sandstone it

is partly replaced by calcrte the replacementf‘”*
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starting from the margins and advancing along
clcavage cracks. For some reason it is more
resistant to replacement by tobermorite than
are quartz and albite. The grains are up to 0.15
mm across.

Microcline — K[ AlSi; O3 ]

Microcline is a detrital mineral found in sand-
stone, and as a relict in a tobermorite rock. Only
single crystals up to 0.1 mm across, with the
characteristic cross-hatched twinning, were ob-
served.

Albite — Na[AlSi; Og |

Albite is a detrital mineral. Single grains were
observed in a tobermorite rock corroded and re-
placed by tobermorite along the cleavage and
the borders.

Anorthite — Ca[Al; Si, Og ]

Anorthite is a common mineral in the
anorthite-diopside-gehlenite fels, occurring with
grossular and sometimes with vesuvianite or wol-
lastonite. It occurs mostly in rocks equivalent
to the Tagiye Formation at Hatrurim, and rarely
in equivalents of the Ghareb Formation at Nahal
Ayalon and at Tarqumiye. In thin-section the
mineral is colourless, prismatic, with polysynthe-
tic twinning on (010). Crystal size ranges from
10 to 50u. The mineral is biaxial, negative, 2V =
77°, v>r1, X'A (001) = —(36° — 38° ); X' A
(010) = —40° , nZ — nX = 0.012. The anorthite
of Hatrurim is formed by the thermal metamor-
phism of marls and belongs to the pyroxene-
hornfels facies.

Hyalophane — (K,Ba)[ Al(Al,Si)Si, O; ]

This mineral was identified in vugs of one
specimen of a sandstone, associated with barite
and clay. The X-ray pattern is almost identical
with that of the mineral from South-west Africa
described by Vermaas (1953). The mineral-is
colourless, biaxial negative, 2V ~.75° | ir> v,
nZ —nX = 0.005. The origin of the hyalophane
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is not clear. It may be a result of the meta-
morphism.

Zeolites

This group of minerals is widely distributed in
the Hatrurim area, though sporadic at Tarqu-
miye and absent elsewhere. It occurs mostly
in rock types equivalent to the Taqiye Forma-
tion. The most common are: thomsonite, phil-
lipsite, and gismondite. They compose from
single percents up to 50 percent of the rock.
They occur in masses, veins, and vugs, associat-
ed with calcite, aragonite, garnets, diopside, and
7A clay. The zeolites of Hatrurim are relatively
poor in silica. They were formed in permeable
rocks by retrograde metamorphism at tempera-
tures not exceeding 300° C. Occasionally calcite
replaces zeolites, and pseudomorphs of calcite
after zeolites are observed (Plate VII — 4).

Scolecite — Ca[ Al, Si; 0y, ].3H, 0

Scolecite is found:in vugs of two samples of
felses, associated with phillipsite and thomsonite.
It occurs in the form of prismatic crystals with
one good prismatic cleavage. The elongation is
negative, X A ¢ = 18° . The mineral is biaxial,
negative, 2V ~ 40° ; r<v strong; nZ — nX=
0.008. The index of refraction 1s hlgher than
that of phllhpsxte S

Mesolite — Na, Caz’ [Al; 8130415 :8H, 0

Mesolite occurs as bundles of thin radiating
fibres, up to 0.4 mm in length, in thomsonite
and calcite crystals. The ‘elongation is positive
and the extinction inclined.- The refringence’is

lower than that. of ‘thomsonite, and :the bire-

fringence ‘very low. In the diffraction: pattern
a single, relatively -strong-spacing was-observed
at 5.74 A not overlapped by thomsomte spac-
ings. O , S

Fosi

(Thomsomte—-NaCaz[Al (Al, Sl)Slz Owl: 6H20

“ ThlS IS the most common zeollte It occursA

‘ GSl1 Buﬂ' s
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1. Thomsonite, Sample SG. 370. 2. Gismondite, Sample SG. 419. 3. Gismondite, Sample MK. 108. 4. Phiilipsite, Sample SG. 448.
5. Ba-Phillipsite, Sample SG. 206. 6. Chabazite, Sample SG. 540.
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as white or colourless crystals in vugs of felses,
in fissures and cavities, and as the matrix of the
calcite-zeolite rocks, where the content reaches
up to 65% . The vugs or veins may be composed
of thomsonite only, or it may occur with
another zeolite — generally phillipsite. It is al-
ways well crystallized and occurs as prismatic or
fibrous radiating groups and as anhedral grains
when it comprises the matrix (Plate XXV—1).
The crystals are vertically striated. The average
crystal is about 0.1-0.25 mm long and 0.02 mm
thick. Crystals measuring 0.5 mm and more are
rather rare. Perfect { 010} and poor {100} cleav-
ages are observed.
The optical properties are: elongation *, ex-
tinction straight, biaxial, positive, 2V ~ 50° |
r > v strong.
nX=1.526 — 1.530
nY =1.528 - 1.532 } all + 0.002
nZ = 1.538

nZ —nX = 0.006 — 0.008

Table 29. Chemical analysis of thomsonite

Oxide Wt % Cations per
twenty oxygens

Si0, 38,83 Si 5.21

Al, O, 29.81 Al 4.70

Fe, O, 0.16

FeO neg.

TiO, traces

CaO 13.54 Ca 1.95

MgO 0.58 Mg 0.12

K,O 0.15 K 0.03

Na, O 3.33 Na 0.86

H,O + 1.23

H,0 - 12.25 H,0 6.04

Cl neg.

Total 99.88

Ijatmrim. Sample S.G. 370. Analyét, M. Gaon,
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The X-ray diffraction pattern is given in Table
28. Table 29 gives the result of a wet chemical
analysis of thomsonite from vugs in a fels.

The formula of thomsonite from Hatrurim
calculated on the basis O = 20, is:(Ca; s Mgon2
Nay,g Ko.03 )(Sis.21 Ala.o )Ox0 .6.04H, 0O

The DTA curve for thomsonite is given in
Fig. 18, curve D. The dehydration occurs in
steps: The mineral loses water with a broad and
mild low-temperature effect that is completed
at 300° C, and with three strong and sharp endo-
thermic peaks at 358° , 428° and 523° C respect-

0 , 200 . 400 ' 690 800 1000

200 600 806 1000
Temperature °c E
Figure 18. DTA curves of zeolites: A - gismondite
(Sample MK 108); B - g1smond1te (sample SG 419);
C — chabazite (sample SG 438); D — thomsomte (sample

SG 370) E- phllhpsxte (sample SG 448)
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ively. At 1000° C the curve exhibits a strong
exothermic effect.

The DTA curve of the Hatrurim thomsomte
is in good agreement with data given by:Koizumi
(1953). Anorthite is produced by dehydration
of thomsonite.

Heulandite — Ca[ Al, Si;0,5].6H,0 o2
Heulandite is found in marls and in vugs in
felses, associated with calcite, thomsonite-and
levyne. It occurs .in thin-section as anhedral
colourless crystals about 30 u across. One good
cleavage is observed. The elongation is negative
and the extinction oblique. The .mineral «is
biaxial, positive, 2V ~ 35° ,r > v.nZ — nX =
0.006. The main reflections in the diffracto-
grams are: 8.8 (s), 3.96 (m), 3.89 (m) 3 40 (m)
296 A (ms). According to Walker (1951)
heulandrte is formed at 240 C.

Eprstrlblte - Ca[Al2 Si Oml SH2 Ry

EplStllblte is found in "the matrlx “of: the
Hazeva conglomerate The mmeral 1s assocrated
with " apophyllrte and occas1onally surrounds
the latter. It occurs m thm-sectron as bundles
of colourless fibres up to 0.6°mm: length The
elongation is positive and the extinction oblique:
The mineral ‘is biaxial; negative; 2V.moderate,
v > rystrong. nZ —nX =:0.012.- Its index of
refraction:is:slightly -lower than that of apophyl-
lite. On the. X-ray diffractogram “only Teflec-
tions-not ‘masked by apophyllite can be detect-t
ed. They are: 8.8 (w), 6.7 (vw), 4.92 (m), 3. 72
(w), 3.44 (m), 3.21 (m), 240A(w)

On the DTA curve:of apophylhte (Frg 13)
an endothermic . effect: at about 265 C 1s at-
trlbuted to eplstllbrte

Grsmondlte -— Ca[Al, Sr2 O,;] 4H2

Gismondite 'is the second most 1mportant
zeolite after thomsomte In some’ specxmens it
appears as ‘a rock- formmg mineral and con-

stitutes up to 50% of the rock. In other samples

it occurs as monomineralic veins or it is associat-
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ed with phillipsite, thomsonite, and aragonite!
In one specimen  thin gismondite rims envelop-
ing ‘garnets ‘were observed. The mineral. occurs
mostly -as. anhedral grams or as pscudotetra"onal
blpyramlds produced by twmnmg (Plate XXV. =2
2, 3) Basal sectrons of such mdrvrduals show
four segments w1th obl1que extmctlon Crystals
are up.to 0. S mm across..The. optrcal properties
are:»Y: A ¢’ ="5%"7 117 biaxial, negative, 2V ~
85° r. <:v _strong. nX = 1.528, nY ="1.540,
1.546, nZ=>- nX —'0008 (all £ 0.002).
Small"‘granules%of diopsiderare included in-the
large gismondite grains and give them a cloudy
appearance. In-Table 30 a chemical analysis of
gismondite,-recalculated: from the bulk analysis
of :sample S.G. 419, is given;after-deduction of
calcite ‘and.small amounts of apatrte d10ps1de
and hematlte ' : :

Oxide -, ~Wt.% . =Adjusted to 100% Catlons per elghl

o L TE Hhgpt . oxygens 0ok
Si0, 7 1887 . 3818 o o Sis235 r} 3.92-
ALO;" ¥ 2406 T Al 167 ’
Ca0 7 e 15275 Ca:-0.96
N2, 07 0.53 . Na 006 1.03
K;»O . L ' 0.16 7 ... K 0_01'”;} - b
HiO= =479 o 969 ~ v
H, 0+ [ 71894 =201 " 77 H0415
Total .-« 4943+ = 100,00 . ~. . -

Analet, M Ga&x{[’: . o

The 'structural‘formula of glsmondrte cal-
culated on the. bas1s of 0="8,is ast follows

.(Cao% Nao % Ko o1 )(Slz 25 Alr 67 )Os 4 15Hz 0.

‘The X-ray data of "two' different samples of
1glsmond1te are grven m Table 28 and- the DTS
.data in Fig. 18, curves A and B. Hoss and Roy

(1960) reported ‘two hydrate’ phases in the
temperature range . between 90 “190° - C.

X;Reeuwuk (1971) pomted ‘to f1ve dlfferent
'metastable crystallographrc phases before the ir-:

reversible feldspar phase is reached. The DTA“‘;

curve (A) of sample MK 108 is identical with the
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DTA curve of the specimen investigated by
Reeuwijk with the composition

(Cag.g0 Nag.12 Ko.zo )(Siz. Al g )0s.4.3H, 0.

The DTA curve B of speciment SG 419 also ex-
hibits distinct endothermic peaks. A very weak
one at about 105° C, stronger ones at 145° |
155° and 195° C, and a weak one at 270°C. The
strongest endothermic peak is at 145° and not
at 195° C, as in specimen MK 108. At about
900° C the curve exhibits a small exothermic
effect. The TGA of this sample shows two
breaks, at 120° C and 225° C. The difference in
retention of water molecules is probably due to
differences in composition. Reeuwijk’s mineral
is richer in K and Na ions and correspondingly
poorer in Si than specimen S.G. 419. The
anhydrous phase formed after dehydration is
anorthite.

Phillipsite — KCa[ Al; Si; 0,6 ].6H, O

Phillipsite occurs as colourless cruciform
penetration twins (Plate XXV — 4, 5) up to
0.15 mm across. Cleavage is distinct on {001}
Some crystals are zoned. The elongation is posi-
tive, n = 1.500 — 1.506, nZ — nX = 0.003 —
0.008.

Optically, two varieties may be distinguished:

a) Biaxial, negative with moderate 2V, r < v,
Z A c¢=23°—28°. This variety is the most com-
mon. An optically negative phillipsite is men-
tioned by Dunham (1933).

b) Biaxial, positive, 2V ~ 60° , r < v weak,
Z A c=10°— 15° . The X-ray pattern given in
Table 27 is almost identical with the data given
by Hoss and Roy (1960) for a specimen of
phillipsite containing Ba. Other specimens have
X-ray patterns similar to ASTM 2-0084. The
mineral is associated with thomsonite, chaba-
zite, gismondite, and barite. Phillipsite seems
to be a later mineral in rocks in which gismond-
ite composes the matrix. The DTA curve of a
rock consisting predominantly of - phillipsite

with some thomsonite and calcite is given in-

Fig. 18, curve E. It exhibits a broad endothermic
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low-temperature peak at about 110° C and a
sharp one at 200° C, attributed to philipsite. The
small endothermic peaks at 345° and 410° C
are attributed to thomsonite admixture and the
peak at 817°C to calcite.

Harmotome — Ba[Al, Sig Oy ].6H, O

Harmotome was identified microscopically in
vugs of two samples of fels in the horizon where
barite concretions are frequent. The crystals
occur in the form of penetration twins up to
70 p across. Biaxial, positive, 2V large, the
elongation is +, X A a = 60°, Y A ¢ = —-30°;
nY = 1.506;nZ — nX = 0.006.

Gmelinite — (Na, ,Ca)[Al, Si, 0,,].6H, 0

Gmelinite was identified in two samples of
gypseous carbonate rocks. It occurs as spots
2—3 mm across, consisting of white prismatic
crystals of positive elongation, and with perfect
cleavage along the prism. The mineral is biaxial,
positive, with a very small optic angle; nZ —
nX = 0.003. The powder diffraction pattern is
identical with that of gmelinite from the Isle
of Mayen (Mikheyev, 1957).

Chabazite — (Ca, Na, )[Al, Si, O, , ].6H, O

Chabazite occurs as the only zeolite present
or is associated with phillipsite and thomsonite
in “brick”-like rocks. The mineral occurs as
rhombohedrons or anhedral grains (Plate XXV
— 6). Uniaxial negative, or biaxial negative, with
small 2V. nX = 1484, nZ = 1488, nZ —nX =
0.004 (all + 0.002). In addition to Na the
mineral also contains K and Sr. The molar ratio
of Na, 0:K,0:S8rO = 6:3:1. The X-ray diffrac-
tion pattern corresponds to ASTM 15-618. The
DTA curve is given in Fig. 18, curve C. The
mineral loses water continuously with a broad
endothermic effect up to.270° C and a maxi-
mum at about:185° C. The sharp endothermic
peak:at 295% C-is-attributed to the- presence
of gibbsite. AT
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Levyne — Ca[Al, Si, O, ].6H, O :
This mineral was found only in two samples,
associated with gismondite and chalcedony. It
occurs as single tabular colourless crystals up to
40 u across, with negative elon'gation“' The
mmeral is biaxial, negative, n ~ 1.500; nZ —
= 0.004. Levyne seems to be later than
glsmondlte In the drffractogram the followrng
reflections, not overlapped by grsmond1te were
observed: 8.2 (s), 6.4 (m), 5.3 (m), 4.04 (s)
2.82 (vw), 2.60 A (ms).

Unidentified zeolite (?) .

In a number of calcitic veins cutting spur-
rite rocks, greenish, skeletal crystals with.cleav-
age along the prism zone and with prismatic or
hexagonal outlines were observed (Plate VII -
6, 7). The elongation is positive “and the ex-
tinction stralght The mineral is biaxial, nega-
tive, w1th small axral angle r< v. In thin sec-
tions it 1s green, and occasronally weakly
pleochrorc r By mrcrochemlcal
analysis the followrng elements were found:
Si, Al, Ca Mg, Sr, Cr, and traces of K and Na
In the X-ray pattern srngle kweak_reflectrons at
7.1, 3.16, 4.01 and 2.67 A were detected. The
reflections resemble - the -patterns: of ‘synthetic

zeolites -of the 'phillipsite group (Taylor and.

Roy, 1964). This zeolite ' may be’ orthorhombrc
or monoclinic. The high 1ndex of refractlon
as compared with’ other zeolites is explamed by
absorbed "Cr ions, causmg ‘the coloration. Thrs
compound needs further 1nvest1gatron
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EXPLANATION OF PLATE 1

Scan-electromicrographs (SEM) showing:

1 Crystal of magnetite from a weathered calc-silicate rock.
2 Twinned crystals of hercynite, residual on the surface of autoclaved larnite rock.
3 Mayenite (spherical individual in the center) from the freshly fractured surface of

a lamite rock.

4 Same specimen as shown in (3) after autoclaving at 110° C. The spherical holes
are spaces previously occupied by mayenite.
5 Hexagonal plate of calcium-aluminate-hydrate from a jennite rock.

Thin-section photomicrographs showing:

6 Magnetite and andradite in a melilite matrix.
7 Minute octahedral crystals of spinel, disseminated in a melilite matrix.
8 Magnesioferrite crystals (dark) in gehlenite-larnite matrix.
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