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Thaumasite From Sulitelma, and from all known occurrences, seems to have 

been formed at a very low temperature, at a post-zeolitic stage of mineralization. 

This is in accordance with the fact that the bulk of crystal water is given off be

tween about  and 120° at ordinary pressure. A new analysis gives the empirical 

form ula CaSi03 • CaC03 • CaSO. · 141 z H20, instead of the gene rally accepted form ula 

with 15 H,O . As one water is more firmly held than the other 131',, and as the 

number of molecules in the unit cell is known to be 2, the formula Ca6Si2C2S2018 

 · 27 H20 is given. The first assumption as to the crystal structure may be 

a closed "metasilicate" ring-linkage of the Z60,3 type, the mineral being then placed 

structurally with beryl. 

In the Sulitelma mines, which represent a common type of the 
norwegian pyrite deposits, several sulphates, or minerals containing 
sulphates, are  viz. anhydrite, gypsum, barite, celestite, and 
thaumasite. These minerals are presumed by the present author 

( 1935), to represent l ater stages in a mineralization which began 

with the formation of the sulphidic ore deposits. A study of them 
may be of interest as to the interpretation of the l ate magmatic and 
post magmatic gas reactions at the pyrite deposits, a problem touched 

u p on by the present author ( 1921) several years ago. A description 
of the mode of occurrence of the minera1s is first required. In the 
present paper a description is given of the recently detected thaum
asite, which belongs to the last, post zeolitic, stage of mineralization 
at Sulitelm a. 

Occurrence at Sulitelma. 

Looking through the collection of Sulitelma minerals of the 

Department of Mineralogy and Geology, Trondheim, the present 
author found a specimen of apophyllite partly covered with a compact, 

finel y fibrous, white mineral which turned out to be thaumasite. 
The specimen was only l abel led Apophyllite, Sulitelma, and entered 
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into our collection in the years 1912 1914. The crystals of apo

phyll ite were, however, of the same type and size as apophyllite 
from the Giken mine, Sulitelma, and it was presumed that the specimen 

probably originated from this l ocality. I wrote to Mr. Einar Trøften, 
chief mining engineer at the Sulitelma mines, asking him to look 

for the mineral in question. Soon afterwards, in february 1935, 
Mr. Trøften sent me abundant material of the required mineral, 

which he had then collected in the Giken mine. The thaumasite 
from Sulitelma was provisionally mentioned by the present author 

in a recently published pa per ( 1935). 
The mineral was first collected at Sulitelma, in the Giken mine, 

20 25 years ago, by Mr. Fredrik Carlson, at that time chief mining 
engineer at the Sulitelma mines. The old specimen in the Trondheim 

collection was undoubtedly collected by Mr. Carlson. The thaumasite 

is now known from several stations in the upper and l ower part of 

the Giken mine, the distance between the most remote l ocalities in 
the mine beeing about 700 m. Further the mineral is known from 

the Charlotta mine, situated about l km to the west of Giken mine, 
and from the Holmsen mine, situated about 3 km to the east of 

Giken mine. Thaumasite, accordingly, do not seem to be uncommon 

in the Sulitelma mines. 
In Giken mine t'le thaumasite, according to Mr. Trøften, is rather 

common in the lower parts of the mine. He has sent me material 
from three neighbouring localities, viz. east of the shaft Il in the niveau 
of the lo west edit, east of the shaft I I in drift 2, and east of the 
Mavas shaft. Most of the thaumasite was found as pure compact 
masses, filling fissures in the metamorphic rocks near the hanging 
wall of the sulphidic ore. The thaumasite veins are of varying thick

ness: from 0.5 cm and less, up to 4 or 5 cm, the form of the thicker 
masses being more or less lenticular. The boundary plans between 

the thaumasite masses and the side rock often exhibit friction striae, 
as demonstrated by the photograph Pl. I fig. l. Small sliding plans 
are sometimes also observed in the thaumasite mass itself, making 

it evident that rock movements took place after the formation of the 

mineral. The masses of this thaumasite are very pure, only con

taining single minute cubes of pyrite, and traces of chlorite. 
A single specimen of thaumasite filling a small cavity or vein 

in the ore was also found, the wall of this cavity being covered with 

chlorite and crystals of heul andite. Decidedly later the cavity was 
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practically filled with pure thaumasite. The old specimen, probably 
from the Giken mine, consists of apophyllite and quartz, with some 
pyrite and actinolite, and with traces of bornite. Great projecting 
crystals of apophyllite are covered with massive thaumasite, of deci
dedly younger formation. Thaumasite covering apophyllite crystals was 
also collected by Mr. Trøften. Some incompact and friable thaumasite, 
consisting of needles only loosely attached, was collected from a partly 
open cavity. 

A somewhat irregular vein, about l dm thick, filled with thaumasite 
and other minerals, was found in the eastern part of drift 2, Giken 
mine. The side walls were wholly covered with albite crystals. Other 
minerals, mostly found on or near the side walls, are pyrite, partly 
as great cubes, barite, chlorite, apatite (in chlorite) and desmine. The 
thaumasite occupies the middle and greater part of the vein. This 
massive thaumasite contain irregular portions of bluish gray barite 

 Pl. Il fig. l), and on appearance one should be inclined to sup
pose that the thaumasite, or a part of it, has replaced the barite. 
As I have found, however, the barite is often heavily corroded on 
occurrences without thaumasite, and sometimes (in the Bursi mine) 
I have also found wholly empty cavities in quartz after barite. The 
thaumasite with appearance of replacement formation may therefore 
as well have been formed through direct crystallization in cavities 
with corroded barite. The indices of refraction of this thaumasite 
(c= 1.468) is identical with the indices of refraction of thaumasite 
elsewhere, and the mineral, therefore, cannot contain a greater amount 
of barium. 

The !argest piece of the mineral was a rounded Jump of pure 
compact thaumasite, with dimensions about 27 x 27 x 18 cm, and weight 
about 7 3/4 kg. This Jump is ass u med to have originated from a great 
quartz  anhydrite gypsum vein in the vicinity of the Olaf edit in 
the upper part of Giken mine. It seems possible that this thaumasite 
may have been formed through replacement of anhrydrite or gypsum. 

From the Charlotta mine, Mr. Trøften co!lected a small quantity 
of thaumasite from the eastern part of edit 6. The mineral was found 
in a small cavity in ore impregnations. The thaumasite from the 
Holmsen mine consist of massiv pieces, found below edit l. 

All thaumasite material from Sulitelma is composed of very fine 
and slim needles, reaching a maximum size of about 1.5 2 mm 
in length and  mm in breadth. When the material arrived 
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in a freshly collected state it was wet through the whole mass. Small 
crum bles were somewhat flexible and adhesive, and could just be 
formed to coherent spherules. Kept in dry air for a short time it 
dried up and hardened, the ordinary compact thaumasite resembling 
then common chalk, likewise discoloring on touch. 

The following zeolites and zeolite-like minerals are known from 
Sulitelma: apophyllite, okenite, heulandite, desmine, laumontite, 
harmotome, and scolecite. The formation of the thaumasite took 
place after the close of the crystallization of apophyllite, heulandite, 
and desmine, whereas it is not found associated with the other minerals. 
Further the thaumasite is younger than barite. It is, therefore, evident 
that the thaumasite belongs to a very late stage of the mineralization, 
and to a low temperature:. No mineral of Sulitelma is known to 
be younger than the thaumasite, and this mineral, evidently, represent 
the latest stage of mineral formation in this area. 

Some of the thaumasite is undoubtedly formed through crystal
lization directly from solutions, as fine needles are found projecting 
from the compact masses into open cavities. For the most part, no 
positive evidence exists as to the formation. It seems, however, 
possible that especially greater masses of the mineral may have 
originated through replacemem of other minerals, e. g. of gypsum. 

Other Occurrences. 

Thaumasite is hitherto reported from the following localities: 
jamtland (the Bjelke mine, and Kjoland), Skottvång, and Långban 
in Sweden. The Plattensee area in Hungary. The Watchung Mts. 

 and Great Notch), Beaver County, and Crestmore in 
U. S. America. The mineral is, however, easily overlooked, and 
thaumasite may perhaps be much more wide spread than indicated 
by these relatively few finds.' 

The occurrence of thaumasite at the Bjelke mine at Åreskutan 
in jamtland  apparently, the greatest similiarity to our 
occurrence. The thaumasite from the Bjelke mine was first mentioned 
by O. Gumælius ( 1874). Some years later it was described from this 
locality, and named, by G. Lindstrom ( 1878, see also 19 13), and 
A. E. Nordenskiold ( 1878). The descriptions of the Bjelke mine by 
j. H. L. Vogt ( 1887), and by N. Zenzen and F. R. Tegengren 
(Tegengren 1924, p. 122 128) indicate that this copper deposit may 
be related to the Sulitelma deposits, being also of about the same 
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geological age. The ore impregnations of the Åreskutan mines contain 
chalcopyrite, pyrite and pyrrhotite, partly also sphalerite and bornite. 
At the Frøå mines zeolites, as chabasite, heulandite and desmine, 
are found in fissures in the ore, and in the surrounding metamorphic 
rocks. A mineral from the ore, designated as wollastonite, may 
possibly be okenite. According to Lindstrom ( 1878) the thaumasite 
occurs mainly as fissure fillings in the surrounding rocks. After 
Gumælius ( 1874) the mineral is also found in cavities in the ore. 
Several specimens of thaumasite from the Bjelke mine, generously 
sent to me by dr. N. Zenzen, Department of Mineralogy, Riksmuseet, 
Stockholm, demonstrates two types of occurrence: first thaumasite 
as a pure filling mass of narrow fissures in a metamorphic rock, 
and next thaumasite as a replacement mineral. One specimen 
demonstrates especially distinctly the replacement character of the 
mineral (See Pl. Il Fig. 2): a metamorphic marble with grains of 
light green monocline pyroxene and garnet is replaced by thaumasite, 
the calcite being completely replaced, whereas the silicates remain 
intact. This thaumasite, evidently, is the result of the action of siliceous 
and sulphated waters upon calcite. 

From the Kjoland (Kjolland) farms, situated about 22 km to the 
NW from the Bjelke mine, thaumasite was reported by O. Widman 
( 1890). The mineral is found in narrow fissures with apophyllite. 
Only a few specimens from the year 1838 are known. 

From Skottvång iron mines in Nykopings Uin, Sweden, thaumasite 
was reported by H. Backstrom ( 1897). The mineral is associated 
with and younger than apophyllite. 

From the famous Långban iron-manganese mines in Varmland, 
Sweden, thaumasite was first described by G. Flink (19 17), who 
reports the mineral to be younger than the associating apophyllite. 
The paragenetic relations are further mentioned by G. Aminoff 
(19 18, 193 1) and N. H. Magnusson ( 1924, 1930). In his preliminary 
ta ble ( 1930 p. 92 93), Magnusson notes the thaumasite as practically 
simultaneous with apophyllite. 

The occurrence of thaumasite at the Old Hickory mine, Beaver 
County, Utah, displays correspondence to the fissure fillings of 
thaumasite at Sulitelma. As described by B. S. Butler and W. T. Schaller 
( 19 11), and by W. T. Schaller ( 19 12), narrow fissures near the ore 
are completely filled with thaumasite, without associating minerals. 
The ore is composed of magnetite, pyrite and chaleopyrite, and the 
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thaumasite, obviously, was formed at a very late stage of the 
mineralization. 

From the interesting limestone contact zone at  
California, W. F. Foshag ( 1920) descrihed thaumasite replacing 
spurrite, by the action of sulphated waters. Veinlets of thaumasite, 
traversing the rocks, are also described from this locality, byE. S. Larsen 
and W. F. Foshag ( 1921), E. S. Larsen and K. C. Dunham (1933), 
and K. C. Dun ham ( 1933). These veinlets are reported to represent 
the last stage of the mineralization. 

Further thaumasite is described from cavities in basic Javas from 
Paterson and Great Notch in the Watchung Mts. area, New jersey, 
by S. L. Penfield and j. H. Pratt ( 1896), C. N. Fenner (1910), 
F. j. Allen ( 19 15), and W. T. Schaller ( 1932). The papers of Fenner 
and Schaller give a comprehensive and interesting study of the whole 
mineralization of the lava cavities. According to Sch aller the thaumasite 
belongs to the 6th and last period of mineralization, which succeeds 

 5th period, with zeolite formation. The thaumasite partly replaces 
gypsum. 

A very similar occurrence was recently described by B. Mauritz 
( 193 1) from the Plattensee area in Hungary. The ca vi ties contain 
thaumasite 1 and several zeolites, of which the heulandite, from the 
description, seems to be older than the thaumasite. 

Generally the thaumasite from all known occurrences seems to 
be younger than the zeolite period of mineralization, and to belong 
to the last stage of mineral formation, being formed at a very low 
temperature. 

Analysis of Thaumasite from Sulitelma. 

An analysis of the pure compact thaumasite from the Giken 
mine, Sulitelma, was performed by the chemists Mr. and Mrs. Emil 
Kltiver, and is given in table I p. 297. A calculation of the analysis is 
given in table Il p. 297. 

The specific gravity of the thaumasite, corrected for the small 
quantities of pyrite and chlorite, is 1.882. 

The indices of refraction, found by means of immersion liquids 
in Na-light, was 

E  1.468 ± O.OOJ 

 1.5065 ± 0.00 1. 

I [f the mineral in question is thaumasite, the indices of refraction cannot be 
about 1.560 and 1.600, as noted, but rather about 1.460 and 1.500. 
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Table I. 

Si02 • • • . . • . . • • . . . . • . • •  

Al203 • • • • . • . . . • . . . . . . • .  

FeO .. .. . 
MnO . . . . . . . . . . . . . 
MgO .... . . .. . .  . 
CaO .... . ...... . . ... .. . 

BaO .. ..... . . .... .. . . 

SrO .. ... . 

Na20 .. . 
K20 ............. . 

so • . . . . . . . . . . . .  ' . . 
s ..... ' . . .  ' . . . . . . . . . ' . 
co, ........ ... ..... . 
Cl ............... . 

F . . . . . . . . . . . . . . . . . . . .  . 

P205 . . . . . • . . . . • • . • • . . •  

H20  ............ . 

H,O +50" ............ . 

-� O for S and Cl2 • • • • .  

Sp. gr . . . .. . . . . . . . . . . . . . 

9.87 pct. 
0.29 •. 

0.040 » 

hardly trace or nil 
0.12 pct. 

27.23 
trace 
nil 
0.06 " 
trace 

13.0 1 .. 
O.l l 
7 . 12 
0.02 " 
trace 
nil 
0.10 

42.37 " 

10 0.34 pct. 
0.03 " 

1 0 0.31 pct. 
1.892 » 

Tabl e I l. 

 Tha�ma-
stte  Chlorite  Pyrite Ha1ite l Difference Sum 

Si02 . . . . . . . . . . . . 
Al203 . • . . . • • • . .  . .  

FeO .. . . . ..... . . .  
,\lgO • o o • • • • • • • • •  

Ca O . . . . . . . . . . . .  

[';a20 ... . . . .. . . . .  
so3 .. . . . . . . . . . . 

s • o • • • • • • • • • • • • •  

co, ........... ' . 

Cl . ' . . . . . . . . . . . . 
H20 . .. . . . . . . . . . . 

-7- o ............ . 

9. 7 8  

 
27. 23 

 
0.04 

1 3.01 
-

7.12 

42.42 

99.60 

99.60 

0.09 
0.15 

0.12 

 

0.05 

0.41 

0.41 

-

0. 12 

-

-
0.11 

-

0.23 
0.025 

0.205 

-

0 . 02 

-

0.02 

0.04 
0.0 0 5  

0.035 

 

9.87 
+ 0.14 0 . 29 
-7- 0.08 0.04 

- 0.12 
2 7.23 

0.06 

l 
1 3. 0 1 

- O.l! 
- 7.12 

l 0.02 
42.47 

0.0 6  100.34 
O.Q3 

0.06 10031 
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These values are practically identical with the values given long 
ago for N a-light by Michel Levy and A. Lacroix (  viz. 1.468, 
and w  1.507. 

The generally accepted chemical formula for the thaumasite is 
CaSi08• CaC03• CaS04• 15 H20. The chemical analysis of the 

Sulitelma thaumasite gives, however, very exactly the formula CaSi03• 
CaC03• CaS04• 14.5 H20, as will be seen from the table Ill, p. 299. 
The columns I Il of table Ill corresponds to 1.003 Si02. 2.998 CaO. 
0.997 C02. 1.002 S08• 14.5 12 H20. The analysis being of high quality, 

as the analyses of Mr. and Mrs. Kliiver always are, this result can 
not be neglected. 

As pointed out by W. F. Hillebrand, H. E. Merwin, and 
F. E. Wright ( 19 14), some hydrous low temperature minerals, e.g. 
hewettite and metahewettite, lose some water when kept in dry air 
at ordinary room temperatures. To see if this occurred also with 
the thaumasite, the mineral was kept for several days and nights at 

ordinary room temperatures in an atmosphere saturated with water 

vapor, without, however, gaining more than a few hundredth percent 
in weight. 

Further, the following new determinations of the water content 

was made by Mr. and Mrs. Emil Kltiver on selected material: 

[ [[ [[[ 

42.59 pct. 42.54 pct. 42.57 pct. 

I : The sample was powdered and kept a day and a night in 
an atmosphere saturated with water vapor. 

Il and I I I: Unpowdered pieces of the mineral were kept a day 
and a night in an atmosphere saturated with water vapor. 

The present analyses, therefore, give the empirical composition 

CaSi03. CaC03• CaS04• 141/z H20. Without going into details, it 
may be mentioned that several of the older analyses also give about 

141 2 H20. Lindstrom ( 1878) assumes a formula with 14 H20, while 
a formula with 15 H20 is presumed by Widman ( 1890) and sub
sequent authors. 

The dehydration of the thaumasite has been examined by 

S. L. Penfield and j. H. Pratt ( 1896), F. Zambonini ( 19 1 1), and 

H. E. Merwin ( 19 14). The following heating series on thaumasite 

from Sulitelma, performed by Mr. and Mrs. Kltiver, are seen on 
table IV on p. 299. The figures are plotted on the diagram fig. l. 
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Ta b l e  Ill. 

SiO, .......... . .  
CaO ............ 
Na20 . . . . . ... . . .  
SOa .. .. . . . . . . . . .  
co, 
H20 

. . . . .. . . . . . . 
• • •  o • • • • • • • •  

l 

9.7 8 
27.23 

0.04 
13.01 

7 . 12 
42. 42 

99.60 

 

l Il 

9.82 
27. 34 

0,04 
13.06 

7. 1 5  
42.59 

100.00 

l. Thaumasite of Table Il p. 297. 

Il. Column I calculated to l 00 pct. 

14 1/2 H20 

9.79 
27.42 

13.05 
7.1 7 

42. 57 

100. 00 

Calculated: 

l 
14 H20 

9 . 93 
27. 83 

13.24 
7. 28 

41.72 

100.00 

299 

 
1 5  H20 

9.65 
2 7.02 

12. 86 
7. 07 

43.4 0  

100.00 

The three following columns gives the calculated composition of CaSi08. 

CaC03. CaSO, with  14 and 15 H20. 

Ta b l e  IV. 

Pct. H20 Pct. H20 

Il Ill 

To 50 0.10 0. 11 To 30° . . .... 0.03 
7 5 0. 45 0.33 40 0. 08 

100 4. 35 2. 8 8  50 0.20 
12 5 36.51 2 7. 90 60 0.3 0 
150 40.00 3 9.42 70 0.41 
175 40. 66 40.25 80 0. 60 
2 00 4 1.22 40. 67 90 1. 05 
225 41.55 41.10 100 4.45 
250 4 1 . 83 4 1. 54 1 10 15.55 
27 5 41 .90 42.00 12 0  34. 81 
300 41 . 92 42 . 03 " about 800 42.57 
about 800 . .  42.59 4 2. 54 

As to the designations I, Il, and Il I see p. 298. 
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Fig. l. Dehydration curves for thaumasite. 

The mineral was kept one hour at each temperature in a dry 
atmosphere. 

The lower point of break, at about only 95 °, ad verts to a very 
low formation temperature of the thaumasite, in general accordance 

with the geological occurrence of the mineral. 
The upper point of break, at about 120°, indicates that the last 

molecule of water is more firmly held in the mineral than the other 

131 2. This especially is in full accordance with the investigation of 



THAUMASITE FROM SULITELMA, NORWAY 301 

Merwin (1914). The X-ray study of G. Aminoff (1933) demonstrates 
further that the num ber of molecules in the unit cell of thaumasite is 2. 

These circumstances lead to a form ula: 

Ca6 Si2 C2 S2 01s (OH)4. 27 H20 

It may be emphazised that the number of molecu1es of crystal 

water, 27, is more conformable with a hexagonal (or trigonal) symmetry 
than the number, 28, which is required according to the hitherto 
accepted formula. 

Somewhat generalized the formula may be written 

Ca6 Z6 018 (OH)4• 27 H20 

The crystal habit of the mineral being at the same time a 
hexagonal prism of the beryl type, a closed "metasilicate" ring-linkage 
of six Z04-tetrahedra, of the Z6 018-type, may be the most natura! 
first assumption to be made as to the crystal structure, the mineral 

being then placed structurally with beryl. The ionic rad i i of Si4 + 

and S6 + are of equal order of magnitude, whereas that of C4 + is 

considerably smaller. A study of the crystal structure of the thaumasite 

is thought to be of some general interest. 
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Pl a te l. 

Fig. l. Fissure filling of thaumasite, with friction striae. The metamorphic side rock 

is just seen in the upper part. From Giken mine, Sulitelma. 213 nat. size. 

Anker Iversen phot. 

• 2. The same specimen seen from right. The metamorphic side rock is seen 

below to the right. •.s nat. size. Anker Iversen phot. 



Thorolf Vogt: Thaumasite from Sulitelma, Norway. Pl. l 

2 

Norsk geo!  tidsskr. 18. 



Plate 2. 

Fig. l. Thaumasite (th. ) and barite (ba.), with albite (alb.) below to the right. From 
Giken mine, Sulitelma. 21 z nat. size. Anker Iversen phot. 

• 2. Thaumasite (th.), above and below, replacing calcite (ca.). The dark spots in 
the calcite marble and in the thaumasite are silicates, as garnet and pyroxene. 
From the Bjelke mine, Jamtland , Sweden. 11/3 nat. size. Anker Iversen phot. 
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