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PRESSURES UNDER HYDROTHERI'lAL CONDITIOnS 

V. A. Frank-Kamenetskly, N. V. Kotov and G. N. Klochkova 

Leningrad State University 

Sepiolite and palygorskite are layer-chain silicates composed 

of pyroxene-type chains connected by oxygen bridges (Fig.lA,B) /1,2/. 

In palygorskite the chains are double and in sepiolite, triple pyroxene 

chains. 

The bohavior of these structurally similar minerals under hydro-

~ 
thermal conditions, at elevated temperatures and pressures, is on interest 

I 

in connection with investigations of structural transformations in the 

principal components of sediments /3,4/0 

starting materials • The samples used in the investigation were 

palygorskite from the Pamibs /5/ and sepiolite from Karamazar /6/. The 

chemical composition of these minerals is shown in Table 1. 

Table 1 

The crystallochemical formula of palygorskite was calculated on 
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o-Mg or .-Si - 0 <3 OH 
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" " 
o - Si a - Mg 0 - a @ - OH ~ - H20cryet 0 - H20zeol 

Fig.l.A-unit cell of palygorsklte projected on (001)·· ., 

B-unit cell of sepiolite projected on (lOa) 
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Mineral 

Palygorskite 

Sepiolite 

.. 
Table 1 

Chemi cal Compos ition of Palygorskite and Sepiolite, 

wt.~ 

/ / / ./ / I 1-1,0 I 1-1 , 0 / H ,O I 1-1 ,0 I 1-1,0 [ SIO, Alp. F,O, CaO M!:O < 620bC .... 400. C 250- 250- <2' O. C 1: 
. . ' '620.C <OO. C v 

56,12/11,62/3.48/°,14 '/9,06/"-/12,0°/-/ '2,00/6,00/100,42: 
60,81 5,45 2,62 0,77 16,54 1,85 - ,3,36 - 7,90,. 90,30 
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and of sep:l.olite, on the basis of anion (3i120)0)12-: 

Water content was determined from weight loss curves on 

derivatograms /5,6/ 0 

Experimental method. The samples were 3ubjected to hydrostatic 

pressure (fH
2

0 = 800, 1400, 2000 kG/cm2 ) in c·old seal pressure vessels of 

the Tuttle type /7/. The charges were sealed in plaj:;inum capsules, heated 

at temperatures from 100 to 700°C, and quenched under identical conditions 

for both minerals. The x-ray diffraction 'data were obtained on diffracto-

/'l/ using 
meter DRON-l, and in part 0/ diffractometer URs-50 I, XN~RX filtered cop-

per radiation. The diffractometer traces were recorded under exactly the 

same conditions in all experiments. 

Fig.l 

EXPERIl1ENTAL DATA 

The diffractometer traces of the experimental products are 

shown in Figs . 2 and 3. The crystal structures of palygorskite and sepio­

li te In the pressure interval from 800 to 2000 ~m2 and temperature 

range from 100 to 300°C remain unchanged. This is shown by the very close 

A 
similarity of the traces of sepiolite (Fig .2,a-d) and pf palygorskite 

/\ 
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Fig.2. Diffractometer traces of sepiolite (A) and palygorskite (~) 

under water vapor pressure of 2000 kG/cm2 , T 100 to 700°C, 

22 - 48 hour runs 

T - talc; Cr - cristobalite; Q - quartz; initial n.c. - palygorskite 

freed of calcite ; M - montmorillonite; M-X - mixed layer phase -

montmorillonite-chlorite; Cor - cordierite 
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(Fig.2B,a',b',c',a,d. At 350°C, under hydrothermal conditions, sepiolite 

changes to talc (Fig.2A, e) and palygorskite, to montmorillonite (Fig.2B,e), 

and further transfcrmaticns of thes e minerals must be considered separately. 

As can be seen from the data of Table 2, the characteristics of the diffrac-

tometer traces become clearer and clearer as the duration of run is in-

creased. 

Sepiolite. The formation of ta~c at the expense of sepiolite 

can be represented by the following equation, in which the idealized 

formulas of the minerals are used: 

Fig.2 
I I 

I I I f 

, . 
~.' ~ 

3MgSSi12030(OH)4(OH2)4 ~ SMg3si4010(OH)2+4Si02+H20 

sepiolite 

As can be seen from Fig.2A,d,B,£ the silica released in this 

reaction appears as cristobalite (reflection 4.04 A). 

Fig. 2B 

At T = 3500 c talc is represented by its hydrated variety, as indicated by 

the tncrease in the interplanar distance ~002 to 9.7 A. This value of d 

is the same as dOOl in non-exPandable montmorillonite; ho~ever, experi-

ments with dioctahedral montmorillonite (from Askangel', Georgian SSg ) 

show that expandable montmorillonite remains stable up to a temperature 
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, Geokhimiya, No.1, p.18 Table X.a. 
Experimental Results 

Pressure, Temp-eia'tur~Ti:Im, -
kG/cm2 oc hours 

-----------------------.------------------
Pro d u c t ~ 

2000 100 22 , 
200 48 
300 24 
350 48 
400 22 
450 24 

500 22 ' 
GOO 24 I. , I 

1400 300· 22 , 
400 22 
400 120 , 
500 22 
GOO 22 
(j50 22 

, 

800 300 48 
400 22 
350 120 , 
400 120 , 
500 22 
600 22 

" 
G50 22 ' 

, 2000 100 22 
200 48 
300 23 " 
350 48 
400 22 
450 24 ' 
500 22 
550 22 

600 ' , 24 , 

700 5 
1400 , 300 22 

400 22 ' 
400 . 120 
sob 22 
550 22 
60p 22 
650 22 I 

300 l <'18 , 
400 22 
350 120 
<'100 ' 120 l 

800 

S~ioli te 

Near initial charge 
" " II 

" " " Appearance of hydrous talc 
" "" 

No sepiolite; unoriented microcrystalline 
talc; cristobalite 

Talc, cristQbalite, quartz 
Talc, oriented on 001; less cristobalite; 

more quartz; appearance of mullite 

ear n t a -charge 
Appear8nce of hyd~ous talc 
L~ss sepiolite; hydrous talc 
Talc, cristobalite 
Oriented talc, cristobalite, quartz, 
mullite 

Same 
Near initial charge 
Appearance of hydrous talc 
Sepiolite, hydrous talc 

" II" 
Talc, cristobalite, quartz 
Talc, cristobalite, quartz, mullite 

11 II " " 

Pa~ygorskit~ 

Near initial charge 
II " " 
II " " Appearance of montmorillonite 

More montmorillonite 
Same 
Montmorillonite, cristobalite,quabtz 
Mixed-layer phase:montmorillonite+chlorite , 
quartz, traces of cordierite and talc 

Chlorite; sharp increase in quartz content; 
traces of talc 

Cordierite, · talc, quartz 
Nea~ initial charge 
Appearance of montmorillonite 
Montmorillonite, cristobalite 
Montmorillonite, quartz 
MontmorlI1onite+chlorite, quartz 
Hcntmorillonite+chlorite, quartz, talc, 
cordierite 

Same 
Near initial charge 
Montmorillonite, palygorskite 

" II 

n " 



500 
550 

. . (lOO 
. . 650 .:~ ' 

2~ , 
22 
22 
22 I 

'3 
~ 

Table ~ cont. 

Montmorillonite, palygorskite, quartz 
Montmorillonite+chlorite; quartz 
Nontmorillonite+chlorit~, talc, cordie-
rite, quartz 

Same 
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of 480oc. With increase in temp~~ature (from 350 to 700°C) d002 of talc 

gradually change s from 9.7 to 904 A. 

Table 2 

Although talc begins to form at rv3250c at all pressures, the 

course of itS crystallization is dependent on both P and T. In the interval 

between 400 and 500°C there is an increase in the content of small talc 

crystals in the charge, as indicated by increase in the intensity of all 

Fig.3 

of its reflections on the diffractometer trace. At temperatures between 

500 and 700°C only the crystal~ lying on their basal pinacoldsincrease 

in size, for the diffraction patterns show increase in the intensity of 

the 001 reflections . only. At bigher water vapor pressures talc crystallizes 

more rapidly but the size of the crystals increases more slowly than at 

lower pressures. 

with increase in ~20' in 22-48 hour runs, sepiolite decomposes 

completely at lower temperatures, and this explains earlier appearance 

of cristobalite in the charge s. The content of cristobalite reaches a 

maximum at 500°C and PH20 = ·20CO ~~2. Beginning with 600°C cristoballte 

is transformed into quartz, and ludging by wea~ 3.L~1 and 2029 A reflections, 



mullite aPpears in the charge. ~~ansformation of cristobalite into quartz 

,_k-
reaches maxmmum intensity at the highest pressu:e (2000 ~T/cm2). 

Palygorskite. In 22 to 48 hour runs decompositIon of palygora-

kite is completed sooner at high pressures, although, as in the case of 

sepiolite, the process begins at 325°c: Beginning with a temperature of 

325°c, in the entire temperature range, palygorskite was transformed into 

montmorillonite, whose appearance i~ indicated on the diffractometer traces 

by reflection £.001 = 141)7 A (Fig.2B, e,f,d). In samples saturated \-Jith 

glycerine £001 increased to l8 A (Fig.3A, a,b,c), and after annealing at 

600°C, decrease~ to 9.9 A (Fie.J~,a,b,c). 

The montmorilloni te formed from palygorski te , i s diocta,hedral 

with £060 = 1.485 A (Fig.2B, d). The trnasformation may be represented 

by equation: 

Beginning at 500°C, under water vapor pressure, montmorillonite 

-ll- In the experiments at 100-200oC (Fig. 2~, b' ,c') palygorsklte with ad­

mixed calci te was used" bu t in the experiments at higher temp era tures 

(Fig .2B, d-l) only palygorski te freed of calci te by "'lashing ' in SJb HCI 

(Figo2B,a) was used. 
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A 
Palygorskite treated with glycerine 

p=800 -kG/cm2M P=1400~ kG/cm2 
COI"ft 

6S0 
f 

600 
. 15.0 

. e f~ 

::::A1~: :0J;J~: 
350 7 W:;, ,oo;J tJ,y 
- , , , , " ",'!\J, 

·0 6 S 4 J Z 1 6 S 4 J Z f O' 

B 
Palygorskite heated at 600 0 e 

p=800 kG/cm2 p=1400 kG/cm2 

C?.f 0~r 97 r.·Cr' ' 
6S0 

f 6S0 
COO 126 f 

I ! , I , 

°1}6S4J2 

Fig.3. Parts of diffracto~rams : bf ·the phases developed in palygors­

kite sample at Eli
2

0 = 800 and 1400 kG/cm2 and T= 350 to 650 0 e 

after 22-48 hour runs;~ - sample treated with glycerine after 

experiment;B - sample heated at -atmospheric pressure for 2 hours at 

6000 e 
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gradually changes to chlorite, formi ng with it a disordered mixed layer 

structure (Fig.3A and B: at temperatures above 400 0 e reflect:ion wj th drv l4A 

ls no longer shifted towards ~ 18 A in montmorillonite saturated with 

glycerine, and does ne t decrease sharply to 9.9 A ln montmorillonite heate~ 

for 2 hours at 6000 e). The transformation of montmorillonite to chlorite 

at PH20 = 1400 ~2 is shown in Fig.4. The diagram shows change in the 

value of d in untrea ted montmorillonite (a), montmorillonite saturated 
-100 

with glycer>ine (b), and montmorillonite heated for 2 hours at 600 0 e <..~). 

r The formation of discdered mixed layer 

" 
-montmorillonite-chlorite struuture begins 

at point! (500°C, 1400 t!m2 ). At 650°C 

Fig.4 

the structure becomes strictly non-expandable. If, instead of the mixed 

layer phase, chlorite is taken as the end member in the montmorillonite -

- chlorite transformation, the transforma tion may be represented by equation: 

The silica release d in this r eaction crystallizes as quartz, 
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whose reflection~ appear on the diffraction tra ce s of samples he ated above 

450°C (Figo2B,h,k,1). 

The dependence of the montmoril-

lonite-chlorite transformation on pres-

sure can be - traced by the appearanc~ 

of the quartz reflexes on the diffracto-

meter traces, for release of silica 

from the montmorillonite structure is 

the first sign of 1ts l. destruct16n~ · The 

content of qua r tz in the charge in-

creases with chlorite content. At ~igh 

FigoS 

pressures, as shown by the d1ffractograms, the process of forw~tion of 

chlorite is intensified. 

At a temperature or 600-700 oC and !H20; 800 - 2000 ~ high 

temperature minerals, cordierite and te.lc, ar~ · fo~med. Their re f lections 

are marked on the diffraction traces (Fig o 2B, k,l). Talc forms from paly­

gorskite at a higher temperature than from sepiolite (600oe). In the 

case of palygorskite three int~rmedlate phases form in the course of 

'.: ~"; .. 
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structural transformation: montmorillonite, disordered mixed-layer 

.phasc : tmontmorillonite + chlol~ite) and chlorite, but in the case of 

sepiolite there is only the final phase - talc. 

Stablli ty fields of the phases. Using the data of Table 2, "Ie 

constructed . schematic PH O-T diagrams (Fig.5A,B) showing stability 
2 

fields of th~ starting and some intermediate phases. The upper temperature 

limit of stability is the same for sepiolite and polygorskite,N325°e. At 

higher temperatures (up to ! = 700 0 C) sepiolite is transformed into talc, 

and palygorskite is first transf~medinto montmorillonite and then 

-
(at 5000 e) into a mixed-layer montmorillonite+chlorite phase, followed 

by chlorite. Abo'1.le 600 0 e cordierite and talc are t he products of trans-

formation of palygorskite. Pressure has little effect on the phase 

boundaries, except for the cordierite boundary, which shifts into the 

region of lower temperatures at lower pressures. 

SUMr1ARY 

1. Sepiolite and palygorskite are stable under hydrothermal 

2. At higher temperatures, and in the same pressure range, 

sepiolite undergoes the following transformation. 
325°c 

sepiolite --- ~ 
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, . kG Ie. rYI,2. 

~o'~ 
, ~ 

A 

2600 
I 
1 

-e-Eft 1 T + JWf Q ' 
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Variation in_~.()Ql of montmorillonite 

formed from palygerskite 

a - montmorillonites obtained at ~H = 1400 kG/cm2 
20 

and 400-600 0 C; b - same, saturated with glycerin; 

c - same heated for 2 hours at 600°C under at-

mosp heric pressure. Crosses are experimental 

points 

Figo5; -P'H-' Q - T diagrams of stability 
- 2 -

fields of sepiol! te (-.!), '"Palygorskite (B) 

and some phases form.ed from them 

Sap - sepiolite; T+Q - talc + quartz; 

Pal palygorskite; M - montmorillonite; 

M-X - disordered mixed layer montmorillo­

nite-chlorite phase + quartz; T+Cor+Q -

talc + cordierite + quartz. Interrupted 

lines - preliminary h se be ~1_~~ 
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--r" tal') + Si02 ., The transformation of palygorski te is more complex : 

325 - 500°C 500-6000 c 
Palygorskite -- ~ montmorillonite -- "7 mixed-layer mont-

600 0 e 
morillonite-chlorite + Si02 -- ---~ cordierite + talc + Si0

2
• 

3. The difference in the phase transformations of sepiolite 

and palygorskite, two minerals with similar structure, is determined 

by the difference in their chemical composition. 
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