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Abstract. As of 2010 it is foreseen to start the mining of anhydrite rock from the underground Pagiriai anhydrite de-
posit, previously explored in a detailed way, and as of 2012 its operation on a large scale. This rock is very pure and 
decorative. The article provides the results of investigations on application of natural anhydrite, which have been car-
ried out in the VGTU Scientific Institute of Thermal Insulation. It is established that next to well-known non-
hydraulic anhydrite binding material, it is possible to produce a strong hydraulic composite binder out of non-burnt 
natural anhydrite to replace Portland cement in certain fields of application. As a sulphate retarder of setting, anhy-
drite can be used for production of common cement. For these purposes, of use is also the top layer of deposit consist-
ing of anhydrite and gypsum rock mix. The investigations showed that anhydrite powder of high whiteness (> 90 %) 
can serve as filler in the production of finish putties, oil paints, as well as for surface whitening of paper and carton. A 
strong spotted anhydrite of dense crystalline structure is fit for production of cut finish panels and other stone articles. 

Keywords: natural anhydrite, binding materials, anhydrite cement pozzolana binding material, aggregate, filler, fin-
ish panel, compressive strength. 

1. Introduction 

Lithuanian anhydrite is an extremely pure rock of 
high quality, and its resources make as much as above 
trillion tons (Kadūnas 1992; Gailius et al. 1994). How-
ever, the exploitation and use of it was hindered for a 
long time by the fact that the deposit of anhydrite from 
10 m to 90 m thickness occurs at a depth of (155–790) m 
and its only extraction is mining. In 1993 a project was 
developed for mining of the Pagiriai deposit (Kaunas 
district), as the best explored and most suitable for min-
ing. Here the deposit of anhydrite is at the depth of (150– 
300) m, thickness of layer is (30–40) m. However, due to 
the then economical situation of the country, the work 
was stopped. Presently a new project for anhydrite min-
ing is prepared, and according to it, installation of mine 
will be started in 2010, exploitation in 2012. The planned 
output of mine is not less than 1 million tons anhydrite 
per year. Therefore, it is necessary without delay to estab-
lish the possibility of application of this anhydrite in the 
industry of Lithuania. 

The anhydrite deposit to be exploited consists of two 
layers, the texture and properties of which differ. At the 
bottom there lies a layer of so-called spotted anhydrite of 
(15–20) m thickness, on the top – a layer of laminated 
anhydrite, up to 25 m thickness. The mineral composition 
and physical-mechanical properties of these varieties of 

anhydrite are given in Table 1 (Lasys and Kadunas 1994). 
It may be seen that both varieties of anhydrite characterize 
as having high chemical purity, high density and low po-
rosity. Rock of spotted anhydrite is stronger and denser. 

 
Table 1. Mineralogical, physical and mechanical characteristics 
of the Pagiriai anhydrite deposit 

Mineralogical composition  
and properties  

Banded  
anhydrite 

Spotted  
anhydrite 

Anhydrite (%) 92–94 91–95 

Gypsum (%) 2.0–5.0 1.5–6.0 

Dolomite (%) 2.0–2.5 1.0–3.0 

Allogenic minerals (%) 0.30–0.40 0.35–.45 

Density (g/cm3) 2.92 2.98 

Porosity (%) 0.8–0.9 0.5–0.8 

Water absorption (%) 0.12 0.10 

Compressive strength, MPa 40–65 55–70 

Bending strength, MPa 20.7 18.3 

 
The researches into properties of Lithuanian anhy-

drite and its application in the industry of building mate-
rials started about before fifty years in the then Kaunas 
Polytechnic Institute (now Kaunas Technological Univer-
sity). The peculiarities of hydration and kinetics of non-
burned natural anhydrite, as well as impact of various 
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factors on these processes were researched mostly. In the 
Institute of Thermal Insulation the researches in this field 
started in 1973 and have been continued with pauses until 
now. This article provides results of the researches into 
application of natural anhydrite for binding materials and 
other products. 

2. Materials, its symbols and experimental procedure 

Anhydrite (A). Cores of anhydrite from the Pagiriai 
deposit bores were used. There were anhydrite ~ (93–
95) %, carbonates ~ (1.8  2.45) %, gypsum ~ (2.5–3.8) %. 
For production of binding materials, a mixture of spotted 
and laminated anhydrites was used. Crushed in jaw-
breaker anhydrite cores were milled in ball-mill to speci-
fied specific surface. For certain investigations, milled 
anhydrite was additionally ground in disintegrator DIA-
01, where speed of disks with fingers was 
6000 rotation/min. For production of anhydrite aggre-
gates, stronger and denser rock of spotted anhydrite was 
used. Crushed anhydrite was sieved out using sieves of 
different size of apertures and the aggregates and fillers 
of required grading composition were produced. 

Cement (C). Portland-limestone cement CEM II/A-L 
42.5 N, the amount of limestone ∼ 15 %, specific surface 
∼ 350 m2/kg, residue on sieve 90 μm – 3.5 % and Port-
land-slag cement CEM II/A-S 42.5 N, the amount of slag 
∼ 15 %, specific surface ∼ 388 m2/kg, residue on sieve 
90 μm – 2.5 % were used. The mineralogical composition 
of clinker: C3S – (58–59) %, C2S – (15–16) %, C3A – (9–
10.5) %, C4AF – (9.5–10.5) %. 

Pozzolanic material (P). Milled opoka from the 
Stoniškiai deposit was used. There were active SiO2 ~ 
51 %, carbonates ~ 33 %, specific surface – (1430– 
1650) m2/kg. 

In order to select the composition of hydraulic com-
posite anhydrite cement pozzolanic binding material 
(ACPBM), the methodology (ТУ 21-31-62-89 1989) was 
used, according to which the amount of available CaO in 
the liquid phase of a hardening composition should not to 
exceed 1.1 g/l after 3 days, and 0.85 g/l after 7 days. 

In order to estimate strength and other properties of 
binding materials, the specimens of size 40 mm × 
40mm × 40 mm were moulded from plastic paste and for 
the investigations of concrete – specimens of same size 
were moulded out of stiff paste with application of vibra-
tion. The specimens had been hardening for 24 h in 
moulds in moist environment at temperature of (20 ± 
2) ºC. The demoulded specimens of non-hydraulic bind-
ing material had been hardening for 3 days in the same 
environment and afterwards they were kept under labora-
tory conditions. The samples of hydraulic composite 
binding material were hardening all time in moist envi-
ronment. Their resistance to water impact and formation 
of destructive minerals (thaumasite, ettringite) was inves-
tigated by immersing 28-day hardened specimens into 
water of 20 ºC or 4 ºC, which was changed weekly (Alks-
nis 1988). 

The estimated strength of anhydrite binding material 
(ABM) proportional to density of gypsum binding mate-
rial (GBM) was calculated from the formula: 

 
2

estimated actual 2
GBMf f

ABM

ρ

=

ρ

 (1) 

where actualf  is the actual strength of ABM, ρGBM, ρABM is 

the density of GBM and of ABM accordingly. 
The compressive strength was determined by using 

testing machine H200KU Tensile Test Machine, the rate 
of load increase was (2400 ± 200) N/s. 

The specific surface was determined by using air 
permeability method (Blaine method). 

3. Results and discussion 

Non-hydraulic and hydraulic anhydrite binding ma-
terials. Natural anhydrite is unique raw material for pro-
duction of mineral binding materials. When finely milled, 
it takes binding properties without any burning. The qual-
ity of such binding material is subject, first of all, to pu-
rity of rock, i. e. the impurities of clay, dolomite etc. re-
duce notably strength and other properties of this 
material. The presence of gypsum, witch is a product of 
natural hydration of anhydrite, also decrease the strength 
and other properties of binding material. Our investiga-
tions showed that out of extremely pure Lithuanian anhy-
drite rock, without application of burning or with applica-
tion of only short-term drying at temperature of (500 – 
600) ºC, it is possible to produce a strong non-hydraulic 
binding material of extreme whiteness, which also apply 
for production of hydraulic composite anhydrite cement 
pozzolanic binding materials. 

Non-hydraulic anhydrite binding material (ABM). 
The compressive strength of non-burned ABM has been 
from 20 MPa to 60 MPa, subject to fineness of milling, 
water content in anhydrite paste and hardening activator 
used. The initial setting time has been between 7 and 
45 min., the final setting time – between 20 and 70 min. 
The texture of anhydrite rock practically has no impact on 
properties of binding material, i.e. the properties of ABM 
produced out of spotted or laminated anhydrite are practi-
cally identical. Table 2 and Fig 1 provide the compressive 
strength of 7-day hardened ABM specimens with differ-
ent activators and different water/solid ratio. 

 
Table 2. The compressive strength fcomp of ABM with different 
activators 

Activator Amount, % fcomp, MPa 

K2SO4 + CuSO4 
1.0 
0.5 
0.25 

56.8 
54.0 
36.0 

KHSO4 + FeSO4 
1.0 
0.5 
0.25 

60.6 
52.1 
30.2 

KAl(SO4)2 + CuSO4 1.0 56.2 
KHSO4 + CuSO4 1.0 25.9 
K2SO4 + FeSO4 1.0 54.3 
KAl(SO4)2 + FeSO4 1.0 39.8 
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One of the most important ABM characteristics is its 
fineness. ABM of high fineness is more active and set 
and strengthen quicker. The increase in fineness up to a 
certain level improves strength properties as well, how-
ever, the strength of very fine ABM may start decreasing 
and for moulding mixes more water is required, the po-
rosity of hardened material increases and moisture resis-
tance decreases. In our investigations, when specific sur-
face of non-burned milled anhydrite increase up to 
500 m2/kg, the strength of ABM, obtained of it, in-
creased, too (Žvironaitė 2005). Since power input of mill-
ing process makes the principal part of all power input of 
ABM production, we carried out the investigations con-
cerning milling of anhydrite rock and its improvement. It 
was established that the milling of both type rocks, spot-
ted and laminated anhydrites, is similar (Žvironaitė 
2005). The time of milling can be notably decreased by 
application of short-term thermal treatment of crushed 
anhydrite rock at a temperature of (500–600) ºC. Under 
temperature action, the water, which is releasing even 
from not numerous insertions of dihydrate gypsum, par-
tially destroys and weakens the structure of rock. The 
time of milling of heated and non-heated anhydrite up to 
specified specific surface is given in Table 3. 
 
 

62,8
57,0

41,5 38,5
31,0

54,0

37,0
30,0

20,5
15,2

0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

0,20 0,25 0,30 0,35 0,40

C
om

pr
es

si
ve

 s
tre

ng
th

, M
Pa

Water/Solid ratio  
Fig 1. The field of values of compressive strength of 
ABM with different activators and different wa-
ter/solid ratio 

 
Table 3. Time of milling to equal specific surface of  
non-heated and heated 1 h at 550 ºC temperature anhydrite 
(Žvironaitė 2005) 

Time of milling, min 
Specific surface, m2/kg 

Non-heated Heated 

250 45 30 

330 120 90 

410 165 135 
 

The short-term thermal treatment of anhydrite in-
creased also the strength of ABM. The maximal strength 
was received at a lower specific surface than in case of 
thermally non-treated anhydrite, i. e. 410 m2/kg. 

When comparing the properties of ABM and con-
generous hemihydrate gypsum binding material (GBM), 
we can see that stronger and denser products can be ob-
tained out of ABM (Fig 2). For ABM products, especially 
useful is anhydrite aggregate, which is not inert and very 
well coheres with matrix of hardening ABM. The anhy-
drite aggregate coheres worse with GBM matrix, due to 
very quick hardening of hemihydrate gypsum. If natural 

sand is used as an aggregate, the strength of both ABM 
and GBM is lower. ABM is suitable for production of 
self-aligning floors, blocks or panels of partitions, finish 
products. 

Hydraulic composite anhydrite cement pozzolanic 
binding material (ACPBM). ACPBM is a slower harden-
ing material than hemihydrate gypsum cement pozzolanic 
binding material (GCPBM). The effective hardening acti-
vators of anhydrite, sulfhate salts, do not have practically 
any impact on kinetics of hardening of this composite 
binding material (Žvironaitė 1996). However, the denser, 
stronger and more resistant to water action products may 
be produced out of ACPBM than of GCPBM. In our inves-
tigations  the strength of ACPBM obtained out of non-
burned natural anhydrite from Pagiriai reached up to 
40 MPa, and its softening coefficient was within 0.85–
0.95. Moreover, ACPBM is more resistant to formation of 
destructive minerals (ettringite, thaumasite) (Žvironaitė 
1998). GCPBM samples with not sufficient content of 
pozzolanic additive, being kept in each-week-changed 
water at +4 ºC, swelled after 3 months and disintegrated 
because of formed thaumasite (Fig 3). Meanwhile thauma-
site did not form in ACPBM samples of analogical compo-
sition and their strength properties were good. 
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Fig 2. The density (a) and compressive strength (b) of 
ABM and GBM with and without aggregates 
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Fig 3. View of ACPB and GCPB specimens with not 
sufficient content of pozzolanic component after its 
storage in water at +4 ºC after 3 months. 
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Of importance is the fact that ACPBM stands out for 
its long-term hardening because of gradual long-lasting 
hydration of anhydrite and peculiarities in formation of 
its structure. In our investigations in ACPBM samples 
kept in moist environment for 3 years, the hydration of 
anhydrite was not yet finished and their strength gradu-
ally increases (Žvironaitė 2007). The hardening kinetics 
of ACPBM out of natural anhydrite is closer than that of 
cement than to GCPBM. All mentioned above allows 
predicting much higher durability of ACPBM products 
under real conditions of exploitation that of GCPBM 
products. ACPBM with content of Portland cement not 
less than 20 % can replace the latter in many cases. While 
the input of technological fuel for production ACPBM 
together with CO2 release into environment would be 
incomparably lower than for production Portland cement. 
It is know, that many recent researches are carried out 
into properties of hydraulic composite binding materials 
or building products with reduced Portland cement con-
tent and into possibilities of their application (Kaminskas 
et al. 2007; Kinuthia et al. 2009; Zhang et al. 2009). 

As an aggregate for ACPBM concretes and mortars, 
most appropriate is crushed anhydrite rock. It is estab-
lished that samples with chemically active anhydrite ag-
gregates are stronger by (15-30) % than those with inert 
aggregates (natural sand, granite) (Žvironaitė 2007). A 
more solid structure and higher strength may be received 
upon addition of sulfate hardening activators. They acti-
vate the surface of anhydrite aggregate and improve the 
cohesion between aggregate and binding material. 

Sulfate retarder for production of Portland cement. 
The influence of anhydrite as sulfate retarder of cement 
setting is less effective than gypsum. This is predeter-
mined by slow dissolving rate of anhydrite, due to which 
during the initial time of cement hydration, the concentra-
tion of ions Ca++ and SO4

2- is lower in the liquid phase, as 
well as lower content of generated initial ettringite, which 
blocks C3A hydration (Winefeld et al. 2005; Tzouvalas et 
al. 2004). To achieve the retarding effect equivalent to 
that of gypsum, a higher amount of anhydrite should be 
added to cement. It is known that the replacement of gyp-
sum by anhydrite also influences the structure and 
strength of cementitious stone (Tzouvalas et al. 2004; 
Hong et al. 1996). In our investigations 2 % gypsum (as 
SO3) was replaced by (3-3.5) % anhydrite, and the 
strength of cement specimens with anhydrite was ap-
proximately higher by 5 % than that of specimens with 
gypsum (Žvironaitė 2008). Lower or higher content of 
anhydrite(2 % or 5 % SO3) not only prolongs or shortens 
the setting time, but also reduces its strength. 

To use anhydrite instead of gypsum in production of 
cement is expedient from both economical and environ-
mental standpoint. As more of anhydrite should be added 
to cement than of gypsum, the demand for clinker is re-
duced accordingly, i.e. fuel input and CO2 release into 
environment are reduced respectively. Basing on the data 
of the scientific literature (Locher et al. 1980; Tzouvalas 
et al. 2004), one can state that the top layer of anhydrite 
deposit, containing a lot of dihydrate gypsum and does 
not suit for production of non-burned anhydrite binding 

materials, may be used as a sulfate retarder of cement. In 
this case the initial hydration and setting of cement is 
regulated by quick-dissolving gypsum, while slower dis-
solving anhydrite influences the later formation of struc-
ture and increases its strength. 

Cut finish panels and other articles of interior. The 
physical-mechanical and decorative properties of Lithua-
nian anhydrite rock were mostly investigated by the sci-
entists of the Geological Institute. It was established that 
dense anhydrite rock of solid structure suits for produc-
tion of cut finish panels. The cut surface may be easily 
filed and polished. The surface of both filed and polished 
anhydrite is very decorative, patterned, reminding of 
marble; its color can be from light grey to dark grey with 
bluish shade or dark blue with grey and brownish spots 
etc (Fig 4). However, the tests in the climatic chamber 
showed that the panels out of anhydrite rock are not resis-
tant to action of rain and frost. At application of one-
sided freezing-thawing method, as early as after 40 cycles 
of freezing-thawing, the surface of samples became rough 
and covered by gypsum coating, with first focuses of 
erosion, which during testing were transformed into deep 
caverns. The products out of anhydrite rock are suitable 
only for internal use, while in the external conditions they 
should be protected from direct impact of precipitation. 
The anhydrite rock may also be used for production of 
the following articles: windowsills, other products of 
interior, e.g. tables, benches, cases etc. The tests of fric-
tion resistance, which was performed in the Geological 
Institute, showed that anhydrite rock suits for steps of 
staircases where traffic is of middle intensity. 
 

 
Fig 4. The polished surface of anhydrite panels 

 
Fillers. The powder of milled anhydrite is very white 

(content of white component ≥ 90 %). The preliminary 
investigations were done to see whether finely milled 
anhydrite can be useful as white filler for production of 
decorative putties, oil paints and paper. The investiga-
tions of latex-based putties showed that after replacement 
of chalk filler by anhydrite powder (≤ 0.2 mm), the putty 
fully conformed to technical specifications, and its deco-
rative properties, in particular whiteness, was obviously 
better. The anhydrite filler is more porous, therefore, to 
get the same consistence, for mixing of putty with anhy-
drite filler, more water is needed (by 15–18 %). After 
replacement of kaolin filler in paper pulp by very fine 
(≤ 90 μm) anhydrite powder, the received paper was ex-
tremely white, but rougher. A negative property of anhy-
drite filler is its quick sedimentation in suspension, due to 
what only (30–50) % of it remains in paper volume (in-
stead of 50–70 %). It was established that anhydrite filer 
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is well fit for whitening of paper or cartoon surface. Re-
placement of white filler, barium sulfate, by anhydrite 
powder in oil paints, the drying duration and outward 
appearance of paints did not change. However, the vis-
cosity of paints increased obviously, i.e. anhydrite pow-
der absorbed considerably more boiled oil than barium 
sulfate what causes technological problems. It was pre-
liminarily established that only 25 % barium sulfate 
ought to be replaced by anhydrite powder. 

Conclusions 

Non-hydraulic and hydraulic binding materials can 
be produced out of non-burned Lithuanian anhydrite 
which contains CaSO4 ≥ 92 %. The strength of a very 
white non-hydraulic binding material reaches from 
20 MPa to 60 MPa, subject to milling fineness, hardening 
activators, water content in paste and method of mould-
ing. The time of milling of crushed rock can be reduced 
notably by short-term thermal treatment at temperature of 
(500–600) ºC. Such thermal treatment also improves the 
strength properties of binding material. The composite 
anhydrite cement pozzolanic binding material which 
contains not less than 20 % Portland cement, may be 
characterized as having extremely high hydraulic proper-
ties and long-term hardening, resistance to formation of 
destructive minerals (thaumasite, ettringite), its structure 
is dense and strong. According to hardening kinetics and 
properties, such composite binding material is close to 
Portland cement and in some fields can replace it. The 
type of anhydrite (spotted or laminated) practically does 
not exert any impact on properties of binding materials. 

Spotted anhydrite rock suits for production of anhy-
drite aggregate. Such aggregate is particularly useful for 
concretes or mortars out of anhydrite binding materials. 
The chemically active surface of anhydrite aggregate, 
especially when anhydrite hardening activators are used, 
coheres well with matrix of hardening anhydrite binding 
materials, resulting in solid strong structure. The strength 
of such concretes or mortars is higher (by 15–30) % than 
that of concretes and mortars of analogical composition 
with natural aggregates. The initial investigations showed 
that particularly fine (≤ 0.2 mm, ≤ 0.09 mm), very white 
anhydrite powder is fit as a filler in production of decora-
tive putties, paper and paints. 

Anhydrite rock is famous for good decorative prop-
erties and well suits for cut finish products and other 
decorative articles. The cut surface is easily filed and 
polished, and its appearance resembles to that of marble. 
Products out of anhydrite are not resistant to direct action 
of water and frost, therefore, in external conditions they 
should be protected from a precipitation and other mois-
tening. 
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