






































































































MINERALOGY_~ATRURIM FM.

Afwillite-Ca3 [SiOj .OHh.2H2 0
Afwillite is<a very;rare i mineral. It occurs at

Kimberley, S. Africa (Parry and Wright, 1925);
ScawtHill; N:iIreland(Tilley, 1930); Crestmore,
Califotnia(SwitzerandBaileY,t 1953); Bois­
sejour, France (Griinhagen and Mergoil, 1963),
near Mayen;'iLaacher,See (Jasinund and Hent-

., schel, 1964),Azerbaidzhan (Annenkova, 1964).
It was described at Nal.1al cAya10n by Gross et
al. (1967).

In these occurrences, excluding Nal]al Ayalon,
afwillite is a late hydrated phase connected with
rocks formed by contact metamorphism. In the
Mottled Zone, afwillite (Gross et at., 1967)

Meyer and Jaunarais (1961) and Harker
(1960, 1964) synthesized gyrolite at tempera­
tures as low as 145° - 1500 C. In the present
investigation gyrolite was obtained with afwil­
lite and some 14 A - tobermorite by autoclav­
ing of a larnite rock in excess of water at 110° C.

Gyrolite is formed by hydrothermal alteration
of calc-silicate rocks.

Truscottite - .Ca;[Si4 010 ].H20
The mineral was discovered in 1914 in

Sumatraby Hovig (in Mackay and Taylor, 1954)
It wastdescribed recently from the Toi mine

f:ii_::;

(Japan) by Minato and Kato (1967). According
)~to Taylor (1964), reviewing syntheses of truscot­

tite, it appears to form as a stable product at a
temperature range from somewhat below 2000

to over 3000 C.
Truscottite is very rare at tfatrurim, where it

is found in some calc-silicate rocks and their
weathering crusts as spherulitic aggregates,
up to 0.4 mm across (Plate XX - 4), or as
fibres of low birefringence,negative elongation
and straight extinction. n ==1.55 ± 0.002. It
was identified by its X-ray pattern which is
identical with that given byMackay and Taylor
(1954).

Truscottite is a late hydrothermal mineral
derived by alteration from calc-silicate rocks.

Gyrolite - Cai [Si4 0 10 ].4H20
[<;.This compound was 'discovered as a natural
inineralin Skye, Scotland,by Anderson (l851 ,
in Taylor 1964), and was found later in many
other localities. It is a very rare mineral at
Ijatrurim, where it occurs in veins as radiating
fibrous aggregates. The' elongation is negative,
the mean index of refraction is about 154.
nZ - nX == 0.008. The X-ray powder pattern
is almost identical with that quoted by Mackay
and Taylor (1954). The mineral appears as­
sociated with truscottite, afwillite, tobermorite,
and ettringite.

S GROSS

400 A .·Jennite is converted in the vacuum of the
'SEMto<Jj;~ta:j~nnite.This form is obtained from

by heating to about 80° C (the basal
spacing of 10.5 A of the jennite being shifted
to 8.8 A ). The basal spacing persists on heating
up to 3000 and above this temperature the
mineral becomes X-ray amorphous. The first
reflections of wollastonite appear at 600

0

C. On
heating of fibres up to 8500

, well oriented wol­
lastonite and partially oriented larnite are ob­
tained with their b- axes in the fibre direction
(Bentor et al., 1963). Grinding of jennite with
water does not affect its X-ray pattern, and
autoclaving at 110° does not convert it to meta-

jennite. .' .
The chemical analysis of a rock conSIsting

predominantly of jennite reveals sodium~<>,~e'
present only as traces. It seems t.here:fo~~t~at
sodium is not incorporated in the Jenmte,apos-
sibility acknowledged by Speak~~n,an~Taylor
themselves (personal communication).' In Fig.
12C t~e'I>1'A:)·~tthe jennit~ ro~Isis shown. The

e~hibits.~..·broad.e~~othermic effect with
m8lxiInulm af.:1-~tCdue to dehydration. The

'exothe~~i~~ff~ffat.890°C is due to the crystal­
lizaticin'or~mixture'of wollastonite and 1arnite.

'j'~rinite i~'formed,;byhydration of calc-silicate
rocks: ,The formula proposed by Carpenter et
'al.';h(1966),hastobe confirmed. No sodium
•ionsseeri'ltoreplace 'calcium.
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occurs in close paragenesis with. ettringite, port­
landite, tobermorite, hillebrandite, hydrocalu­
mite, gypsum, foshagite, aragonite, and calcite.
It is relatively abundant as' vein and cavity
fillings in calc-silicate rocks. It occurs as a rock­
forming mineral in several samples from Ijatru­
rim, from the upper part of the stratigraphic
section equivalent to the Taqiye Formation.
The rock-forming afwillite appears asa 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 being 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 ~ 500

, dispersion
r < v, X A c = 31 0

, elongation (±), nX = 1.618,
nY = 1.620, nZ = 1.634. nZ -nX = 0.016 (all ±

0.002). The mineral dissolves in HCI 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
3200 C, with a maximum at 355 0

- 3900 C. A
small exothermic effect at 845 0

- 8500 is due to
crystallization of larnite with some rankinite. It
is a secondary mineral formed hydrothermally
at 1100

- 1600 C according to Heller and Taylor
(1952b). In hydration experiments performed
by the present author, afwillite was one of the
main phases obtained by autoc1aving larnite
rocks at 1100 C.

Dicalcium-silicate-hydrate - a-Caz [HSi04 10H
This compound was synthesized by Thorvald-
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son and Shelto.·.n(192.9),. W..e..lls eta{· (194.3..).
and others. It ,Is readilffonn~d hydrothermally
at temperaturesbetwee~IOCt and 2000 C. Tpe
crystal structure was studied by Heller (1952).
In its cryptocrystalline f?rm it ~as identified
only b~ DTA~llf\'es(~aiousek e!al., 195~):
Until now it was ri~tknown as a naturalmirieral
and this is its .fi;~t·iepgl't·'as ... such,·The.mineral
occurs .as a ca"itY.filling i111I1el~lit~:I~rniter?cks.
It occupies thec~ntI~ ofthe,C~vii~. in~'i~ sur­
rounded by to'b~rmorit~ and. jerinit~~The
dicalcium-silicate:'is~ls6arrifri8i coristit~enfof

rocks consistil1~ ..•.. I'I'e~?niinantly·~f ...calcium­
silicate .. hydrates.. ;I~ ... ~~icroscopic'inv~s!igation
of samples in ~hich itappe~rs, well-cryst~1l!ze~

.' aggregates of"prismaticcryst~ls 0(' highreli~f~
positive elongation an~pal'allel eX!inction were'!
observed. Twinning is simple or cruciform (Plate
XXIII .~ 2, 3).~¥milleral·i~biaxi~lpositive,
.nX - riZ= 0·001· I l1 tge .§?~photo~icrograph
orthorhombic' tablets "(Plilte . XX' -'. 3)cl1~r-
acteristic .. of this compound are observed:'. The
strongest spacings recorded were: 4.22 (vs),
3.90 (s) and 3.27 A (vs). A DTi\.:curve'?f a
rock in which the dicalcium- silicate~hydrate is­
one of the main phases is given in Fig. 12~curve

D. It exhibits an endotherJ:l1is.effectin .the range'
of 4700

- 4800 C and ari"exothermic one;at
8800

- 9000 C; showing thereby That it has a
high CaO/Si02 ratio. Heating-the"specimen to
8000 C·· gave ·larnite.Microprobe~nalysis ofthis
sample confirms the ratio of CaO/SiO;:t,.6 be"
2. The .'dicalcium-silicate-h~dratefwas 'obtain:'
ed as one of the riiino~phases byautochlving a
sample' of larnite-mayenite-brown~illerite"rock
at 1100 C with a.small amountofwater.

, Phyllosilicates

Apophyllite "':KFE~4[Si:Oloh.8H20

Apophyllite in riatul'e occurs mainly in:
amygdules in basalts, cavities in granites, fis­
sures in metamorphic rocks, and in calc-silicate
rocks, where it is sometimes an alteration
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product of wollastonite. (Bailey, 1941; Vorma,
1961 ; Kostov, 1962; Tatekava, 1969; Chukhrov
et al.. 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 Ija~eva Formation, and is especially abund­
ant in the altered sandstones and conglomerates
of the Ija~eva 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 {OO I} (Plate XXIV - 1).
Twinning on {Ill} 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: K2 0 - 5.1 %, Si02 - 56.4%,
CaO - 26.2% . The DTA-curve of apophyllite
(Fig. 13) exhibits two endothermic effects, a

IH

strong one at 3100 and a second, weak one at
about 4000

• At about 395 0 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 3000 (the temperature of its decomposition)
and possibly at much lower temperatures.
Orthoclase present in the sandstone served as
a source of the potassium.

Pyrophylite -:-Al2 [Si4 010 ](OHb
Pyrophylite was found in two samples of

melilite rocks. It occurs in voids and veinlets;as
groups of lamellae I or as radiating spherulitic
aggregates. The optical properties are: elonga­
tionpositive, 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
7600 C was observed due to dehyroxylation.
The mineral is associated with tobermorites and
Iizardite. It was formed'by hydrothermal altera­
tion of the melilite rocks.

Biotite - K (Mg,Feh (AlSi3 010 I(OH, F)i)

Biotite is found as detrital flakes in the'silt
fraction of a low grade' metamorphosed'marl
from Kefar Uriya, and in the IJa~eva sandstone
.at~atrurim:eIn 'some quartz, grains. minute
inclusions of hexagonaL, scaly, habit, about

,80 ,.p. ... across ,were obserVed..The .mineral·ispleo-
chroic from· colourless .. or yellowish .. to reddish
;brown: It is biaxial negative with 2V, nearly zero
.and dispersion r < v..

Xanthophyllite ...... Ca(Mg,Alh [Al2 Si2 0 10 ](OHh
Xanthophyllite occurs usually tin:talc-and

chlorite-schists and. in metasomatically altered
lim§st()nesq<nopf and Lee,1957). The mineral
'was"identified in a sample ofmelilite

10008001300

Temperature ·.~.;c

400200o
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rock from Ijatrurim, associated ,with melilite,
spinel, vesuvianite, rankinite, ,and garnet. The
colour of the mineral is bottle green. Cleavage
is micaceous on 001 . It is pleochroic with:
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 (Formari~

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 Ijatrurim seems to have been formed
by hydrothermal alteration of the, melilite
rocks attemperatures probably lower than those
suggested by Christophe-Michel-Levy.

The smectite group

- -
Montmorillonite is, by, far the dominant clay

of .the, shales, marls and gypsiferous;rocks',of
the Ghareb Formation. It is less common in the
metamorphosed'marls equivalent, to the ''taqiye
Formation. The clay,?ccursas fine-grai~ed

aggreg~tes of paleyellow,gr~y .or bricklike
colour. The· indices ofrefraction, depending on
composition and hydration state, vary in the
rangeofJ .480 to 1.580,-and.th~birefringence

from 0.020 to 0.35. The crystal size as measured
by peak broadening on the diffractogram do'~;

isabout 40 A.
Identification of species is based on-X-ray,

DTA, microchemical ,te~t, chemical analyses and
determination of phases: obtained after.heat!pg
theday to 1000° C.

Montmorillonite
The most widely distributed montmorillonite

~.in the Mottled Zone is the trioctahedral'one, the
dioctahedral being less common. _ . ,

In Table 26, column 3 the result of a chemical
analysis of a ditrioct'ahedral montmorillonite~is

given. After subtraction of apatite thef~llowing

structural formula is obtained:' .~,

-;. (CaO,13 Mgo.21 NaO.12 Ko.lo)(AI2.09 Fe3
+0.5;

Tio.to Mgl.24 )(Si7.7sAlo.2s)020 (OH)4 "
Curve' 0 on Fig. 14 is a· curve of a, ~'norrriai"

montmorillonite according .,to the.definitionpf
McKenzie (1957). It shows a large, .. double low­
temperature peak due to loss of absor~ed

moisture, a smallendothermicpe:ik at.,JlO° ,C,
and an S-shaped endothermi~~exothermic p~ak

system. at 825~Cand 850° Crespe~tiyely. The
peaks at 710° and 825° C are due to dehydroxy­
lation and the exothermiC 'one is attributed to

" the formation of spinel, cristobalite-;:, and
hematite.

Curve C is curve of an "abnormal" diocta­
hedral montmorillonite. The saniple exhibits an
endothermic peak at 540° C. The S-shaped peak':

Chlorite - (Mg, Fe, Al)6 [(Si, Al)4 0 10 HOH)s
"Chlorite is very rare:at Hatiuiiin. Two'varie-

ties of chlorite were observed: :'
1) In most instances it occurs as fine-grained'

scaly. aggregates of dark green colour in spur­
rite rocks, together with iron sulfide and organic
matt~r. The scales are up to 17 J1 '~cross. They;:
are biaxial negative with a small 2V. Pleochroic
-ing~~en shade;' 'n = f66d' ±'b~002.Bi;efringence'

weak. According to'.•..th.e' opticai~~~~perties this"
"'.:' :.. .i" },"".... .' ""'." ".<,.~" - "" ,-

chlorite is probably thuringite.·/r:,',;;.:
2) More rarely chlorite occurs -in 'cavities of '

weathered carbonate-zeolit~,rocksas aggregates, '
characterized by. a 7A spacing. On heating to
500°Cthis spacing weakens and· the14A
one appears. This chlorite is destroyed by' hot
HCUItseemsto be a chamosite.

Illite-Kc.s_o.75 . (AI, Fe,~g)2 [(Si,~1)4 ~lo](OHh

This mineraL occurs in small amounts in bitu­
minous marls • and gypsiferous rocks of' the

,., Ghareb Formation. Identification is based on
DTA and X-ray examination.

The illite is a primary, unchanged sedimentary"
mineral.
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Table 26. Analyses of clay minerals

3 4 6 7 8 9

SiO. 45.08 46.24 47.39 25.23 30.70 24.1 27.60 07.66 23.52

AI. 0. 10.18 12.87 11.90 9.95 12.25 9.0 805 II 12 8.66

Fe. 0. 1.86 2.26 4.69 14.78 12.07 11.6 2.22 15.28

FeO neg. neg. neg. neg. n.d. n.d. neg. n.d. 0.20

Cr,O, 7.68 6.67 n.d. n.d. n.d. n.d. n.d. n.d.

TiO, 0.33 0.37 0.81 0.65 n.d. n.d. 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

CaO 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,O 0.03 0.01 0.44 0.01 n.d. n.d. 0.10 0.13

Na,O 0.12 0.08 0.40 0.07 n.d. n.d. 0.10 0.44
P,O, 0.64 0.45 2.25 2.06 2.21 1.7 0.67 2.00

SO, 0.39 0.08 0.14 2.91 n.d. n.d. neg. n.d.

H,O+ 7.21 10.12 9.77 12.62 10.35 9.0 11.28 14.27
H,O- 16.97 14.67 10.77 8.5 I 6.35 13.3 22.37 n.d. 2.96
Org. mal. n.d. n.d. n.d. n.d. 0.10 n.d. n.d. 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}
AI 8.00 8.00 8.00 4.00 4.00 4.00 3.92 4.01

0.33 0.52 0.25 0.82 0.58 1.08 1.00 1.21
Al

'20 } '''} '''} OM} 'm} 020}Fe" 0.24 0.28 0.57 1.40 1.00 1.06 '31} ,Crl+ 1.03 4.00 0.85 4.00 4.00 5.32 5.54 6.14 Fe+:I 0.02 5,82
Ti 0.04 0.05 0.10 0.06 0.08 }
Mg 0.99 0.89 1.24 . 3.20 . 3.46 4.88 6.16 4.43
Mn 0.02 0.06
Ca 0.24 } 0.31 } on} 0.16}
Mg 0.38 0.64 0.37 0.70 0.21 .0.56 0.17
Na 0.02 0.02 0.12 0.01

0.10 }
K 0.10 0.02 0.12
OH 4.00 4.00 4.00 4.00 7.68 7.30 8.00 8.00

° 20.0 20.0 20.00 5.00 10.00 10.00 10.00 10.00
H,O 2.07 3.48 3.38 1.16

1. Volkonskoite, Nal]al Ayalon. Sample SG. 131. 2. Volkonskoite, Hatrurim. Sample SG 157. 3. Montmorillonite with some apatite,
Ijatrurim. Sample SG. 413. 4,5. Lizardite with some montmorillonite and apatite as impurities. Ijatrurim. Samples SG 408 and SG. 503
6. Lizardite with apatite as impurity. I}atrurim. Sample SG. 361. 7. Lizardite from tJatrurim, recalculated from bulk analysis of a
lizarditic limestone after deduction of calcite and apatite. Sample SG. 364. 8. Mixture of silica "gel" (?) and AI·serpentine. Hatrurim.
Sample SG. 333. 9. Lizardite with apatite as impurity .I}atrurim. Sample SG. 159. -
Analyses 1-4,7,9 by M. Gaon. Analyses 5, 6 and 8 by S. Ehrlich.

characteristic of "normal" montmorillonites is
absent.

Montmorillonite of non-metamorphosed
phosphorites is dehydroxylated at 720 0 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 0 C. It seems
that this montmorillonite was dehydroxylated
at the time of the thermal event andwas'later
rehydroxylated. The difference of the de-

hydroxylation temperatures of both types· is
about 1500 C. This agrees with the experiments
of Heller et al. (1962).

Saponite
This clay mineral is relatively abundant. The

spacing do,o, = 14.8 A collapses after heating,
to 9.7J A. The ,OTA-curve of ,.a specimen of
saponite mixed\Vith ,an,.A.l (?)-serpentine
shown in· Fig. ·14, curveE.,The.endoth~rrnicef­
fects characteris'tic of the sap<?nite are: the low
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Nontronite'
Non tronite, occurs' in 'some marls and,in the

weathering crusts of inelilite rocks; associated
with brucite, tobermorites' and. a serpentine
mineral. It is brown and' slightly'. pleochroic
froni'pale brown to brown: It does not swell
with' glycol. The dehydroxylation peak on the
OTA curve appears in the range of 4500 --= 540"C
and the weak exothermic effect at845° C. The
nontronite' of the weathering crust was'formed
by the alteration ofthe ferrian-gehlenite.

Volkonskoite'"
:; . Volkonskoite' is a dioctahedral' clay:,'of" the
montmorillonite. group in which Cr sub~titutes

for Al in: the 'octahedraUayer:The .mineral is.
widely distributed throughout '.the. lower part
of' tlie· Ijatrurim 'Formation. The rocks' of ,this
'sequence: 'are "cut by' numerous !irregular and
winding. veins whichr~mgeinwidthfrom a few
miIIiriietres to a'fewcentimetres.'They may
reach a few metres in length (Gross and Bentor,
1966rGi~~s et a'z.',·1967).·Transitions between .

.these veins. and the' host' rocks may be sharp or
:gradationaI.:. Apart from thevolkonskoite rthe
veins are;:filled' by calcite" and, smalL;ainounts
of ," gypsum, anhydrite, •••• halite;. apatite' Jor
aragonite'. The ,volkonskoite' is bluish-green ,'and
earthy., At~ahal,Ayalon round-concretions up
to 5,.mm in diameter of grass-green volkonskoite
o~c\lr hI an argillaceous limestone:ln immersion
liquids the, colour varies from grass-green to pale
bluish-green: Th~' optical·. properties of. this' clay
are: non-pleochroic; the' elongation' oLthe

.flakes is positive: Themineral'is biaxialnegative
,with a .small 2V. The mean index of,refraction
varies in a broad range: n =' 1.496....- L556,nZ'..o-

r nX = 0.020. The mineral swells with' glycol
arid the basal spacing - 14.5 /\ - shrinks to
9.6./\ after heating to 5000

•

;Two analysesoL volkonskoite are glven;in
Tabl~. 26, '. columns .. ,1 and.2. Thestruetural
formulae, calculated after' the im­
purities as gypsum an'dapatite,are:

, .,./

Temperature ·C

Figute14:':DTA curv~s of clay minerals: A'---- allophane
(sarnple'rSG 337); B - volkonskoite (sampleSG 131);·{

.C ~., nontronite'(sample SG524); D - trloctahedral
montmorillollit~ (sample SG '169); E - sap~nite with

'AI ~serpe~tine (sampIe.SG 413); F'---- illite with mont·
morillonite (sample SG 202).

temperature peakat 1000
:"'- 2000 C due to loss;;

rof. absorbed moisture, and a single 'peak at"
8400 Cdlle to dehydroxylation;. This peak' is
followed an exothermic one at 8800 C..The
phases' formed upon dehydroxylation,are:
enstatite, .cristobalite,. spi~d and.sillimanite. The'
SEM IJiicrograph (Plate XXIV -- 4) ot this

. sample shows its platy character, and a notable
" tendency to elongation.
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1) (CaO.24 Mgo.38 )(All.~ Fe3
+0.24 Cr3

+ 1.03 Mgo•99

Tio.04 )(Si7.67 Alo.33 )020 (OH)4
2) (CaO.31 Mgo.37 )(Al1.93 Fe3+0.85 Cr3

+0.85 Mgo.89

Tio.os )(Si7.48 Alo.S2 )020 (OH)4
Chemical analysis reveals a Cr203 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% Cr20 3,
appreciable lower than typical samples from the
area. The DTA-curve of a typical volkonskoite
from Ijatrurim is given in Fig. 14, curve B. The
interlayer water is expelled with a broad low­
temperature effect with a maximum at 1200 C.
The small exothermic peak at 3400 C is due to
crystallization of eskolaite (Cr2 0 3). Three small
endothermic peaks at 545 0

, 6200 and 715 0 are
due to expulsion of hydroxyls. At 9500 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 10000 Care: 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 Ijatrurim Formation was
formed by hydrothermal alteration. Along the
numerous cracks formed by cooling of the
metamorphosed rocks, AI, 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 - A14[Si40 10 ](OH)t\

Kaolinite occurs only in one sample of a chalk
from Ijatrurim. It was identified in the clay
fraction together with montmorillonite. After
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heating to 6000 it is X-ray-amorphous.

Halloysite - A14[Si40 10 ](OH)8 .4H20
Identified in a marl from Kefar Uriya by the

lOA basal spacing,shrinking to 7.4 A after heat­
ing at 2000 C. On the DTA curve it exhibits a
small endothermic effect at 5400 C and a weak
exothermic one at 9300 C.

Sepiolite - Mg4[Si6 0 15 I(OHh ].6H20
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 3000 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 - Mg6 [Si40 10 ](OHls
Lizardite is a very common mineral at tIatru­

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 suggested
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 (l959),platy crystals ,with high Al content
may have a one-layered or six-layered ortho­
hexagonal cell, those with the highest Al content
having six-layered structure. Recent electron
microprobe studies by: Page (l968) show ,that
lizardite is consistently more)ron7rich ; than:
other serpentine ;minerals. The 'natural six~'

layered serpentines were· described'· by'· Brirl"dley



MINERALOGY-~ATRURIM FM. S.GROSS

and Von Knorring (1954)" Ztissmari' and
Brindley (1957), and Bailey et al. (1960):An
iron-lizardite was described by Chie Pin-Wen
et al. (1964).

Lizardite occurs either, homogeneously dis­
seminated throughout the rock or in aggregates
up to 30 J1 across. The colour of the mineral in
thinsectioIl'is usually avery faint ,pale yellow,
brownish, or greenish. Some 'specimens· are
turbid because ofthe presence ofa fine hematite
dust. In a specim'en from a calcareous sandstone
awhite'lizardite was'observed>The mineral is
extremely; fine-grained; The crystal size calculat­
ed from the X-rays:i'doo1 = 100'"..::.:170 A'.
Preparates for optical investigation are' homo­
genized or intimately mixed with some iron
oxides. The mineral is biaxial negative with
small2V, n = 1.550 - 1·;558 (± 0.002). nZ ­
nX = 0.008 - 0.010. X-hy'-diffraction data
of 'different lizardites are given in Table 27.

The. basal spacing varies from. 7040 A, to 7.19 A,
decreasing with: in'creasing' Al content· (Zussman
and:Brindley, 1957):, X-ray. diffraction shows
that most of the specimens:m: not ~ pure phase
but .contain sorne montmorillonite,<apatite,
hematite or bayerite.'"

. In 'Table. 26;:columns'4, 5,! 6, 7' chemical
analyses of serpentines are" given, calculated:on
the basis of 18'(0,; OH)' and assuming that the
tetrahedral' lay'er; 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 formulaif'rio :X-ray ,:DTA, or microscopie
evidence was found for the presence of hematite
or other iron oxides. Highly sensitive DTA
runs in the range up to 4000 Cwere made:for
the detection of.AI(OH);pha.sesand;iffoitrid,
TGA runs were made and the amount of
AI(OHh \Vas calculated. according to the loss

Table 27. Diffra.ction data for serpentirieminerals
'.-' - <.", ,> ~-"" ,. ,-..-.;:.< ,....

vw

vw
~, l

6

.3.57; m •..,0

060,062 1.53 m

2.63 m
·2.57 w
2.48 m.

'2.37 m.
2.31 vw'
2.25
2.13

2

7.25 vvs 7.19 006 7.13 vvs

4.49 m ( 4.59 020,110 4.57;, m
3.64. s 3.60 s 022,112 ,4.48 VW

2.63 ,; w 024,114 4.21 vw

2.495 vs 2.51 026,116 3.85 vw

2.38 w 2.39 m 027
. 2.14 m 2.14 w 00!1. 3.56

1.84 vw 1.84 w 028,118
'.

3.48 vw

1.74 w 1.74 vw 029 3.29
'J>:

1.66 02!Q i 3.13vw

1.532 s 1.538 s 202,132 2.63 m
1.497 w 204 2.58 m·

206 2.48 w

OO!1!.208
209
20!Q 2.25. w

2011 2.13 ,vw
2011 2.00 w

02m 1.94 vw

2016 1.88. ',VW

310,150 1.735 w )~

02~ 1.67 w

O4m,20n 1.57 w

060 1.531 m

Sample

hkl

001 7.36
020 4.62 m
002 3.67 s

220 2.65 m
201 2.51 vs

003 2.41": s

202 2.15 'm
004 (84 w
310 1.74 w

31/ 1.69 'vw
060 1.536, s
061,204 1.504 m·
005 1.461 vvw

. .,' '.
1. Lizardite from a matrix of a metamorphosed sandstone, SampleSG.' 192. 2. Lizardite, Iizarditic Iinu:stone, Sample SG 429.
3. Lizardite, Iizarditic limestone, Sample SG. 503. 4. AI-serpentine, calcite-garnet rock, Sample SG}33~5. AI-serpentine, slightly.
metamorphosed "marl", Sample SG 316. 6. Poorly crystallized serpentine, from weathered meliliterock, Sample SG 281. .
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of water in the range 200° - 350° C. In no case
more than 2.5 per cent of AI(OHh 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 Fe3 + 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 - (Si 3•1s Alo.82 )(Mg3.20 Alo.64 Fel.40)

(OHh 010

SG. 503 - (Si3. 42 Alo.58 )(Mg3 .46 Al 1.02 Fel.OO)

(OH)s 010
SG. 361 - (Si2.92 All.oo)(Mg4.88Alo.20 Felons)

(OH)s 010
SG. 364 - (Si2.92 Al 1.00 )(Mg6.16 (OHh 0 10

SG. 159 - (Shoo Al 1.20 )(Mg4.43 Fe+ 3
1.37 Fe+ 2

0.02 )

(OH)g 010
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
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Figure 15. Infrared absorption spectra of clay minerals:
A - volkonskoite (sample SG 131); B - montmoril­
lonite (sample SG 413); C - "Isotropic matrix" - con­
sisting of silica gel (?) and AI-serpentine (sample SG
333).

Figure 16. DTA curves of serpentine minerals: A ­
AI-serpentine with lizardite (sample SG 364a); B ­

lizardite (sample SG 429); C - poorly crystallized
serpentine mineral with montmorillonite (sample SG
281); D - AI-serpentine (sample SG 420).

60 GSI Bull. 70, 1977



MINERALOGY -IjATRURIMFM. S;GROSS

1200 1000 800 ~2000

" . Wavenumber" (cm~O)

30004000

Figure 17: Infrared adsorption. spectra of (lizardites:
A -sample SG408; B;- sample SGS03.

the water to be lost ill' 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 oLAI
and Fe, as estimated by X-ray examination" of
those specimens after heating 1to.l 000° C; The
endothermic effect at 180° C is due to bayerite
as an impurity. The basal spacing 7.3/\ is not af­
fected by treatment with boiling HChl :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° -14.6A and in "others
at l2.6A. On heating to 700°C an.:additional
spacing at 11.3 A is observed, beside thespac­
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=14.6 A.

The I.R. spectra of typical \lizardites froni
tIatrurim, recorded by S. Yariv;,of the Hebrew
University, are presented in Fig.:l7. 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 -- 7.28A
and is similar to curves of. lizardites given by
Brindley and Zussman (1959), Veniale eta!.
(1963), and Luce (1971). The strong band at
3680 cm- I appears at low wave numbers com­
pared to other published lizardite spectra. Curve
B is typical of AI-substituted Jizardites (Table
26, analyses 4, 5) with basal spacings in the
range 7.19 - 7.25 A. The band at 3680cm-' is
absent. The broad and strong absorpti()nb~ng

observed on both curves in the rangeJ700 ­
3200 cm- I may be interpreted as due toacom­
bination of free hydroxyl ions and hydrogen­
bonded water molecules.

The dehydroxylation of group A, as ob­
served on DTA curves, occurs at about 630° and
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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 magnesium­
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 clinochrysotiIe, or lizardite.
Speakman and Majumdar (1971) synthesized
"deweylite" by hydrothermal treatment of
magnesia-silica gels of various compositions
and at temperatures up to 1800 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 0 C represents the loss
of absorbed water. The endotherms at 5400 and
7840 C are due to the dehydroxylation of the
montmorillonite (probably a nontronite). The
effect at 623 0 C is attributed to a serpentine
mineral. The exothennic peak at 8430 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 0 C points probably to crystallization
of a ferric gel.

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 1000 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 6000 C
and is still visible at 7000 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 GiUery (1959), Brindley and Von Knorring
(1954), and Zussman .andBrindley (1957). The
general composition of the synthetic AI­
serpentines is: (Si4~x'Alx )(Mg6-xAlx)0 10 (OH)g; .
where x may vary in the range 0 - 2,50. Ac­
cording to Gillery (I959) theserpentines with
a low Al content have a single-layer unit
cell, and the AI-rich ones a six-Iayeredcell.-

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 AI-serpentine. Crystal size
as calculated from peak/broadening is" doot =

105 - 175 A. InaSEMphotomicrograph(Plate
XXIV - 3) of a fresh rock surface consisting
predominantly of calcite,? A clay and garnets,
spherical particles up to 2·p. in diameter are ob­
served. These may be' silica gel or' allophane
(?) particles. Thehexagonalplates"aboufO.5 Jl

across, shown in Plate XXIV - 5 are most likely

GSI Bull. 70, 1977



MINERALOGY -I}ATRURIM FM, S:GROSS

f. <Tectosilicates

Analcite :.;.:' Na[AISi2 0 6 ]:H2 0
This mineral is found in'~small amounts in

'some ca~bonate'and gypsum rocks, associated
wit~ ,a-'::cristobidite, thom'sonite, phillipsite,and
ciaY'(identification 'was based' on X-rays). It ,o'c­
2~rS"as i'~t~rstitiai grains.of radiating aggregates.
!tis ne~riy is?tr~piC, with a verY.low index 'of
refract!C?n; A~~icite is a late-stage mineral. It
is considered to have been formed by the action

sodium-containing solutions 'on clays.

arecristobalite, sillimanite, and olivine;', The
I.R. curve is givenin Fig. 15; curve C.
. In ;Jhe light' oC 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 3000 C,
while at higher temperatures the 'product might
bea chlorite: The.subject ofithe serpentines of
tIatrurimandespeciallythose containing AI is
being further investigated.

'Orthoclase- K[AI'Sh 0 11 ]-

Detrital. The'; predominant feldspar'in the
bituminous chalk, in.. the sandstone and conglo­
merate ofth~, H~zeva Formati()~, and in a
sample of t~berm~rite rock. In the sandstone it
is partly replaced by calcite, the replace'ment'

Allophane - nAl2 0 3 .mSi02 .pH2 0
This is an X~ray-amorphous mineral which is

a mix ture of" hydrogel~: of A12p3,'and Si02'.

According to Ross' and Kerr (1934) the water is
presumably 'i~'·a~. absorb~d, ,form.. The index of
refraCtionvaries'from' 1.490 to 1.5 I2. ,The DTA
curve (Fig. 14"curve A) exhibits.a large 'arid
broad endothermic peak-in the range of 1000

­

250 0 CAt 9800 C a strong exothermic p'eak re­
latedtoth~ crystallization of theamorpl1ous
matter is ·observed. Al is' leachedby'15% HCl,

'leaving'Si02'-geC The mineral' occurs in' associa­
tion~ith.othe;ciays in marly rocks.

AI-serpentine particles. The chemical analysis of
the clay fraction, which according to ':X-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.

The percentage of Al in the tetrahedral.sites
can be estimated from the .basal spacing,using
the charts of·Nelsonand Roy (1958). Following
this technique 0.74 -1.66 ALreplaces a part
of the Si in :the AI-serpentines fromdj.atrurim
(this Al number is calculated for, four sites in
the tetrahedral layer). The.amount()f al,uminium
in the AI-serpentines can,'also be'konfirmed
from its decomposition temperature observed
on the DTA curve,and,froITl a graph presented
by Jahanbaglao and :Zoltai (1968). This latter
curve reveals the :.linear: relationship between
the AI2 0 3 -"cohtenL(in.wt % ) and the decom­
position temperature, and is in agreement with
observations by Roy:and:~oY'(1954)'of the
increase .ofthermal stability. ofserpentine with
increasing AI-contenL .<.~

The weight per~:nt of A12?3 int~e AI­
serpentines as calculated· from·theabove-men­
tioned graph may range from about 15 to 28% .
The DTA curve reveals ·the sample to beanlix­
ture of an amorphous material andAI-serpent­
ine. The DTA-curve' of a speCimen treated with
cold HCI I: I is given in Fig. 15,cl1r:'e.D.•T11e
shape of the low-temperature endothermic p~~k

is typicalof amOrphous<rriateriaL~t620°...•........
6300 C an endothermic effect characteristic of
serpentine dehydroxylationis<obsef\'ed.·/\
moderate to weak 'exothermic effect· appears
only at. 855 0

- 880°C.X~ray ex.arrii~a·tiori\of

samples after heating to 6000 and 6500 C re-:
veals, beside the.·.basal spacingof7.1A/thepreC

sence of the first lines of olivine and enstatite at
6500 c. .• On furtherh~ating~~til800;iCtli~~e
lines become stronger. Olivine and enstatite
start to appear before the serpentine is com­
pletely destroyed. At 9000 C the main phases
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starting from the margins and advancing along
cleavage 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[ AlSi3 0 8 ]

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[AlSi3 0 8 ]

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[AI2Si20 8 ]

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 Taqiye Formation at ~atrurim, and rarely
in equivalents of the Ghareb Formation at Nal!al
Ayalon and at Tarqumiye. In thin-section the
mineral is colourless, prismatic, with polysynthe­
tic twinning on (010). Crystal size ranges from
10 to 5011. The mineral is biaxial, negative, 2V =
77°, v > r, X'A (DOl) = -(36° - 38° ); X' A
(010) = _40° , nZ - nX = 0.012. The anorthite
of Ij.atrurim is formed by the thermal metamor­
phism of marls and belongs to the pyroxene­
hornfels facies.

Hyalophane - (K,Ba)[AI(AI,Si)ShOs]
This mineral was iden tified 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°, >v.
nZ -nX= 0.005. The.originoLthe 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 tiatrurim 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 Ijatrurim 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[Al2Si 3 010 ].3H20
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 c = 18° . The mineral is biaxial,
negative, 2V '" 40°, r < v strong; nZ - nX '=
0.008. The index of, refraction is higher than
that of phillipsite.

Mesolite - Na2 Ca:i [Al2Si3 0 10 h ;8H20
Mesolite occurs asbundles:·of thin radiating

fibres, up ,to 0.4 mm in length, in thomsonife
and calcite crystals: The elongation is positive
and the extinction inclined. The refringence is
lower than that. of' thoIIlsonite, and thebire­
fringencevery low. In the diffraction pattern
a single, relatively strong spacing was'observed
at 5.74 A,not overlapped bythomsonite spac­
ings.

Thomsonite-NaCa2 [Al2(Al,Si)Si20 10 h .6H2
This. is most common zeolite. Ifoccurs
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1. Thomsonite, Sample SG. 370. 2. Gismondite, Sample SG. 419. 3. Gismondite, Sample MK. 108. 4. Phillipsite, Sample SG. 448.
5. Ba.phi1lipsite, Sample SG. 206. 6. Chabazite, Sample SG. 540.

w"

w

mw

Table 28. Diffraction data for zeolites

2 3

d (A) d (A) d (A) d(A) d (A)" ','.>"
•...

9.3 vw 7.24 s 7.4 m"' 8:1 ,w 9.6 vvs'.

7.15 s 7.1 s

6.6 s 6.8 w 6.9 vs
.. 7.15 vvs, 6.96 :'~~m';+; ,

5.9 s 6.5 w 6.5 w 6.3 w:: 6.36 vw.·: . "6.40 w·

5.34 m

5.37 w 5.9 w 5.2 w 5.02 m 5.57, vs

4.63 s 5.8 w 5.71 w 4.9 m 4.96 m 5.03 vs

4.37 m 5.35 vw 4.57 w 4.65 w

4.13 s 4.98 m 4.23 m 4.26 4.33":>-, ~ ,P

3.95 vw 4.87 vw 4.87 m 4.04 s 4.09 s 3.98 w

3.79 vw 4.68 w 4.64 w 3.96 3:S'8": s

3.50 m 4.48 w 4.44 w 3.64 :'3.58 s
4. ~

3.27 w 4.26 vvs 4.25 } 3.49 w 3.46" 3.46 s
vs

4.18

3.20 m 3.44 m 3.37 w

3.17 m 4.08 m 4.02 m 3.30 w 3.25 w
Sf

2.94 vs 3.76 w 3.18 w

3.63

2.85 vvs 3.25 m 2.92 vvs

2.79 w 3.42 w 3.54 3.18 . 3.18 -"t', vvs 2..88,.

2.68 s 3.35 m 3.30 m 3.14 m 2:83 w

2.56 3.29 2.77"
.,,,,,,;~,.,,- "

w m w

2.42 vw 3.20 s 3.16 s 3.10 w 2.69 m

2.29 vw 3.15 m 3.12 m 2.92 2.94 m 2.60 m

2.25 w 3.02 w 2.90 w 2.57 w

2.19 w 2.95 m 2.98 .,m 2.88 wv 2.50 m
"~"i"

2.12 vw 2.92 w 2.90 w 2.80 vw 2.35 vw

2.09 w 2.86 w 2.71 m 2.74 m 2;29 m

2.06 vw 2.78 m 2.69 2.28 w

1.88 w 2.65 w 2.23 w

1.83 'w w 2.52 2.53. m 16 w
,".; -",

1.81 w .w 2.38 2.38 2.1 w

1.71. vw w 2.16 2.16 w 2.09 m

w 1.97 )2.01

w 1.76
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Figure 18. DTA curves of zeolites: A - gismondite
(Sample MK 108); B - gismondite (sample SG4l9);
c-chabazite (sample SG438); D':'.:thomsonite (sample
SG 370); E - phillipsite (sample 448).

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 0 = 20, is: (Cal.95 MgO.1Z

NaO.86 K O.03 )(Sis.z1 AI4 •70 )020 .6.04Hz0

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 3000 C, and with three strong and sharp endo­
thermic peaks at 358~ ,4280and 5230C respect-

5.21
4.70

Ca 1.95
Mg 0.12
K 0.03
Na 0.86

H2 O 6.04

Si
Al

Cations per
twenty oxygens

Wt %

SiOz 38,83
Alz0 3 29.81
Fez 0 3 0.16
FeO neg.
TiOz traces
CaO 13.54
MgO 0.58
KzO 0.15
NazO 3.33
HzO+ 1.23
HzO- 12.25
Cl neg.

Total 99.88

Oxide

Table 29. Chemical analysis of thomsonite
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!!atrurim. Sample S.G. 370. Analyst, M. Gaon.

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-I).
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 {0 I 0 } and poor {I 00 } cleav­
ages are observed.

The optical properties are: elongation ±, ex­
tinction straight, biaxial, positive, 2V ~ 500 ,
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
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} 3.92

}
H,04.15

'100.0049.43

Analyst, M. Gaon.

Total

ed \vithphillipsite, thomsonite, and aragonite:
In one specimen thingismondite rims envelop­
inggarnets :were observed: The mineral occurs
mostly.~s,~nhedral·.grains.•or .~~•.·pseudotetragonal
biPynirllidskro,cluced.byfwin~ing(Plate XXV '.:.~

2,. '~tBasarsi;tions'~f .such individ~als! show
four segrri'e~t~)Vi~~'()~liq~eex tinction:. Crystals
are tiptoo'S~n?ac~bss.:The optical properties
are: iYAc'==' 5o(.cnJ~;'biaxial,negative, 2V "'-'.
85~::-:,r < v strong.,nX·=' 1.528,nY = 1.540,
nZ~='L546, nZ:-'- nX ==;0.008'(all:!: 0.002).
Smallgranules'c of diopside;are included in the
largegismondite grains and give them a cloudy
appearance. In Table .30 a chemical 'analysis of
gismondite:<recalculated) from the', bulk analysis
of sam'pIe S:G: 419, is given; after deduction of
calcite and ;small amounts of apatite, diopside,
and hematite.

Table30~ Che'ini2rifari;l~sisofgismondite,

. (The. stni'2t~:}~iformula ,of'gism?ndite; cal­

cUlatedo~. th.e ;/b·~SiS .. ?f.?== '.8, .'. isas':,follo';vs:
CCa~.% ,N~o.<isKo.oh('Si2.2;Ai;';67 )Oll A.15Hz O.
The,X-ray~at~ Of t\vo/?iffe~ent samples of
gismondite .ar~giv~n .in T~ble 28 and the DTS-

;data in<Fi~. 18,cul"V:s'A an.d~. H?ss.enCI Roy
(i 960) reported,,:two'hydrate phases,in the

te~p:r~t~fe range,;betwee l1 "90° 190° C.
.. Reeuwijk ,:C 1971);.p~il1te~~?fiye '.•• 'differ~n.t
slmetastable 'cry'~tali6gr~phiCphases, before the' i;-'

P",' reversible feldspar phase is reached. The
curve (A) of sample MK 108 is identical with the

Gism6ndite '- Ca[AlzSiz0 8 ]o4Hz0
Gismonditeis the~e~ot,ldmost important

zeolite after ..'thomsonite. In some' specimens it".
appearsasarock:fonning mineral and con-'
stitutes up to 50% of the rock. In other samples
it occurs as monomineralic veins or it is associat-

Heulandite - Ca[A12 Si 7 0 18 ].6Hz0 ,>

Heulandite is found in marls and in vugs in
felses, associated with calcite, thomsoniteand
levyne.'It occurs in thin-section as anhedral
colourless crystals about 30 IJ. across. One good
cleavage is observed. The elongation is negative
and the extinction oblique. The .. mineraLis
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), 3.40Cril);
2.96 A (ms). According toWalk~;"(I95l),

heulandite is formed at 240° C:

Epistilbite - Ca[A1z Si6 0 16 ].5Hz0' .
'" Ii

Epistilbite is found iii 'the' matrix
lJa~e~a conglomerate~;Therpinerai'i~~ass~ciated
with;.apophyllite'. hnd" '~cc~sional1Y' surroul1ds
the latter. It' oCcUrs 'in thin~'se~ti~nasibundl~s

/<1 -.:" -.. ""'.' ,_ ...~,"'<. .:.f "..-.:.~ ". \

of colourless fibres up to 0:6·mmJength. The
elongation is positive and the extinction oblique.
The mineral is biaxial; negative;. 2V"moderate,
v > r,strong. nZ -nX=.0.012;· Its index of
refraction' is slightly ,lower than that of apophyl;
lite. On the. X;ray diffractogram"only., renec:
tionsnot'masked by apophyllite can lJ~deteCt:

ed. They are: 8.8 (w), 6.7 (vw), 4.92'(rn), 3.72

(w), 3.44 (m), 3.21 (m), 2.40.A (w)'. ~ "'/i •..•.•.i

On the DTA curve. ofapophylllt~(Fig: .(3)
an endothermic effect at about 265°C is at-
tributed epistilbite/ ,.

ively. At 1000° C the curve exhibits a strong
exothermic effect.

The DTA curve of thelJatrurim thomsonite
is in good agreement with data given by.Koizumi
(1953). Anorthite is produced by dehydration
of thomsonite.
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DTA curve of the specimen investigated by

Reeuwijk with the composition
(CaO.80 NaO.12 KO.20 )(Si2.11 Al1.86 )08 .4.3H2O.
The DTA curve B of speciment SG 419 also ex­

hibits distinct endothermic peaks. A very weak
one at about 105 0 C, stronger ones at 145

0

,

155 0 and 195 0 C, and a weak one at 270
0

C. The
strongest endothermic peak is at 145

0

and not
at 195 0 C, as in specimen MK 108. At about
900 0 C the curve exhibits a small exothermic
effect. The TGA of this sample shows two
breaks, at 1200 C and 225 0 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 3 Sis 0 16 ].6H20
Phillipsite occurs as colourless cruciform

penetration twins (Plate XXV - 4, 5) up to
0.15 mm across. Cleavage is distinct on {OOI } .
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 0
- 28 0

• This variety is the most com­
mon. An optically negative phillipsite is men­
tioned by Dunham (1933).

b) Biaxial, positive, 2V ~ 60 0
, r < v weak,

Z 1\ c = 100
- 15 0

• 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 pe~k at about 110
0

C and a
sharp one at 200 0 C, attributed to philipsite. The

small endothermic peaks at 345
0

and 410
0

C

are attributed to thomsonite admixture and the

peak at 8170 C to calcite.

Harmotome - Ba[AI2Si60 16 ].6H 2 0
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 /1 across. Biaxial, positive, 2V large, the

elongation is ±, X A a = 600
, Y A c = -30

0

;

nY = 1.506; nZ - nX = 0.006.

Gmelinite - (Na2 ,Ca)[A12Si4 012 ].6H20
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, Na2 )[Al2 Si4 0 12 ].6H20
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 = 1.484, nZ = 1.488, nZ -nX =
0.004 (all ± 0.002). In addition to Na the
mineral also contains K and Sf. The molar ratio
of Na2 O:K2 O:SrO = 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 0 C and a maxi­
mum at aboutrl 85 0 C The sharp endothermic
peak:at 295

0 Cis:attributed to the presence
of gibbsite.

;'i<"/'c'
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This mineral was found only in two samples,
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EXPLANAnON OF PLATE I

Scan-electromicrographs (SEM) showing:

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 fresWy 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 me1ilite matrix.

8 Magnesioferrite crystals (dark) in geWenite·larnite matrix.
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