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Ab s t r a  c t. From X-ray diffraction data, chemical analysis, differential 

thermal analysis and infra-red absorption spectrum it is shown that two gouge 

or breccia samples from Veo, Jotunheimen, i\orway, contain a trioctahedral 

Mg-montmorillonite, saponite. It appears that one sample contains a large 

amount and the other a small amount of saponite. The possibility of random 

intergrowth with chlorite is discussed, and also the pro bable form ula of saponite. 

Introduction 

The �orwegian Geotechnical Institute has received several speci
mens of gouge or breccia material from near Veo in the pressure tunnel 
between Veo and Smådalen, Jotunheimen. The specimens were sent 
in for mineralogical determination by the hydro-electric power plant 
company A/S Eidsfoss. 

The samples were collected in June 1963 by civil engineer R. Lien 
of Knoph and Kjølseth, Oslo, then acting as consulting engineers for 
A/S Eidsfoss. 

The findings were reported on July 18th, 1963, part of the conclu
sion being that one of the samples contained large amounts of the 
Mg-montmorillonite saponite with indications that another sample 
contained a small amount. 

Description of the material 

One of the specimens received consisted of sharply defined alter
nating layers of nearly white and dark green material. The white 
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Fig. l. X-ray diffraction data of the light Veo material. 

material varied in hardness, from l to 7 in the Moh scale. The dark 
green material appeared to be chloritic with a phyllitic character. The 
sample felt soapy to the touch. The light and dark materials were 
separated and crushed. The fines were separated by a sedimentation 
method before analysis. 

X-ray analysis 

X-ray diffraction data on oriented samples show that the white ma
terial has an unusually strong 001 reflection at 14.2 Å, other reflections 
being weak. Following glycol-treatment the 14.2 reflection shifts to 
16.98. This shows that the material belongs in the montmorillonite 
group of the layer lattice silicates. Other reflections indicate that the 
material is probably trioctahedral. The curves are presented in Fig. l. 
The curves show that the material also contains small amounts of 
feldspars, quartz, chlorite and mica and possibly other impurities. 
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Fig. 2. Infra-red spectrum of 

the light Veo material. Infra

red spectrum of a synthetic 

saponite ( dotted line, after Stu b

ie an and Roy, 1961). 

. 
o 
c 
o 
f 
� 
<( 

367 

3000 2 000 1500 1200 1000 8 00 700 6 00 

].) cm-1 

Infra-red analysis 

Fig. 2 shows the infra-red spectrum of the light material from 4 000 
to 600 reciprocal cm. The extinction at 990 cm-1 shows that the 
material belongs with the trioctahedral 2:1 family of the layer lattice 
silicates. Fig. 2 also gives the IR spectrum of a synthetic saponite 
with the formula 

Mg6(Al.67Si7.d 020(0H)4N a.67 

(redmwn to scale after STUBICAN and RoY, 1961). 
The curve of the synthetic saponite and the light material are in 

good accordance. 

Chemical analysis 

The table gives the chemical analysis of the light material from 
Veo together with analyses of three saponites and ane hectorite. 

Analysis: 
l. Light V eo material, analysed from a 95 mg sample by Moum 

and Furrer. 
2. Saponite from Svardsjo, Sweden (SvANBERG, 1842, in Ross and 

HENDRICKS, 1945). 
3. Saponite from Ahmeck Mine, Mich. , USA. (Ross and HENDRICKS, 

1945). 
4. Saponite from San Bernardino County, Calif. , USA. (Ross and 

HENDRICKS, 1945). 
5. Hectorite from Hector, Calif. , USA. (STEVENS, in Ross and 

HENDRICKS, 1945). 
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* Analysed as iron and calculated as trivalent iron oxide. 
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The IR and chemical analyses were performed on the same material 
as used for X-ray analysis. The total sample amounted to 95 mg. The 
result of the chemical analysis must therefore be considered approxi
mate and indicative only. Also bearing in mind that the X-ray dif

fraction data show that the material contains small amounts of feld
spars, quartz, chlorite, probably mica and possibly other impurities, 
the resemblance to the analysis of saponite given by Ross and Hen
dricks must nevertheless be considered striking and conclusive. The 
total absence of Li shows that the light Veo material does not contain 
hectorite. 

Differential thermal analysis 

Fig. 3 shows DTA-curves for the dark green and the light material 
from Veo, a curve of a saponite from Krugersdorp, Transvaal, South 
Africa (ScHMIDT and HEYSTEK, 1953), and a curve of a saponite from 
Cathkin Braes, Glasgow, Scotland (FAUST, 1951). 

Discussion and conclusions 

From X-ray, IR, chemical analysis and DTA it is concluded that 
the light material from Veo is trioctahedral 2:1 Mg-montmorillonite, 
s a  p on i t  e. From the DTA it is concluded that the white material 
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Fig. 3 A. Dark green material from Veo. B. 

Light material from Veo. C. Saponite from 

Krugersdorp, Transvaal, South Africa (Schmidt 

and Heystek, 1953). Redrawn to scale. D. 

Saponite from Cathkin Braes, Glasgow, Scot

land (Faust, 1951). Redrawn to scale. 

o 

369 

5 00 IOOO'C 

from Veo contains a large amount of saponite and that the dark 
material contains a small amount. 

COLE and HosKING, in MACKENZIE (1957) suggest that an endother
mic peak in the 500�750° C region of the DTA is due to random inter
growth with chlorite and that more than a small amount of chlorite 
will strongly affect the endothermic peak in the 900° region of sapo
nite. They present several curves to show this. All these curves have 
an endothermic peak in the 500-750° region and show a marked 
dependency of the peak at 900°  on the chlorite content. 

From the X-ray 7.1 A reflection not changing with glycol-treat
ment it is seen that the Veo saponite material contains what is possibly 
a chloritejvermiculite-mineral, in an amount not exceeding some few 
percent (less than 5%). The 900° C endothermic peak on the DTA 
curve of the V eo material is large and unaffected. Co le and Hosking 
do not state how much chlorite is needed to produce the effect at 
500�750° and to affect the 900o region peak, but merely sa y that it is 
"more than a small amount". (CoLE and HosKING in MACKENZIE, 
1957). It would seem then that the Veo material contains chlorite, 
the amount not large enough to decrease or otherwise change the posi
tion and height of the 900° peak, but large enough to produce a 600° 
deflection, the breakdown of the brucite layer. 

In the opinion of the writers this is possibly true. It is their belief, 
however, that the endothermic peak in the 500� 750° region of the 
Veo saponite is not necessarily due to chlorite, as it is their experience 
that it usually takes more than 10% chlorite to produce effects of 
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noticeable size on a DTA curve. The size of an effect of this type on 
the DTA is also largely dependent on how well the mineral is crystal
lized, grain size, and grain size distribution. 

The present work might also throw some light on the probable 
formula of saponite. From several chemical analyses including the 
three mentioned in this paper, Ross and HENDRICKS (1945) calculated 
the probable ideal formula of natural saponite, suggesting 

Mg3(Si3.67Ald 0 10(0H)2 
t 

Na.33 

and Mg2.67Al.33 (Si3.33Al.d 0 10(0H)2 
t 

Na.33 

the last one being the so-called aluminium saponite. STUBICAN and 
RoY (1961) made several synthetic saponites by substituting Al in 
the tetrahedral positions in talk, showing a marked dependency on 
the amount of Al substituted of the IR extinction in the 660 cm-1 
region, both regarding peak height and position. The IR curve in 
closest accordance with the natural saponite from V eo was present ed 
in Fig. 3 and the formula for this saponite is given in the text. Con
sidering the good agreement between the V eo saponite and firstly 
the chemical analyses given by Ross and Hendricks and secondly the 
synthetic saponite with the known formula, it seems fair to conclude 
that the following form ula is at least fairly correct: 

Mg2.s7Al.33(Si3.33Al.s7) 010( OH) 2 
t 

Na.33 
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