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This study describes a new determination of the S and O isotope composition of Lower Permian (Kungurian) anhydrites from
the Upper Pechora Basin, Cis-Ural region, Russia. 5**S values in sulphate facies vary from +13.7 to +15.1%o; and §'%0 val-
ues range from +9.3 to +10.4%o. The values of 8**S and §'20 of anhydrite from halite facies varies from +12.6 to +15.0%o and
+7.5 to +10.9%o respectively. The quantitative ratio of pyrite content from the water-insoluble residue (silty-sand fraction) is
characterized by extremely low (<<1%) to high (4—5%) steep gradation values. The increased presence of pyrite indicates
the influence of bacterial sulphate reduction. The sulphate reduction process was more intense, especially when evaporites
were formed in mud. The narrow fluctuation range of sulphur and oxygen isotopes values of the measured anhydrite indi-
cates low levels of fractionation. It was established that during the Permian, evolutionary changes in the content of sulphate
ions in sea water correlate with the sulphur isotopic composition of marine evaporites.
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INTRODUCTION

The sulphur and oxygen isotope composition in minerals is
the tool that allows for the identification of the chemical, bio-
chemical and physical processes that were occurring in the
sedimentary basin. Variations of the sulphur isotopic composi-
tion of dissolved sulphates in ancient oceans have been estab-
lished based on the analysis of ancient marine evaporites (e.g.,
Holser and Kaplan, 1966; Nielsen, 1972; Holser, 1979; Pan-
kina, 1978; Claypool et al., 1980; Strauss, 1997). The main fea-
tures of the sulphur isotope aged curve are a pronounced maxi-
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mum with 3**S-values around +30%. during Cambrian times, a
decrease to a Permian minimum at +10%o, and an increase to-
wards the value for modern, oceanic sulphate at +21%o
(Strauss, 1997 with references within). The observed variations
are related to changes in ocean chemistry that are based, in
principle, on variations of the sulphur redox cycle (Ronov, 1980;
Yanshin, 1988; Kovalevich, 1990; Strauss, 1997; Holland,
2003). The sulphur isotopic content of the Permian evaporites
has already been studied for many salt basins around the world
(Table 1; Cortecci et al., 1981; Pankina et al., 1985; Makhnach
et al., 2000; Vysotskiy et al., 2004; Longinelli and Flora, 2007;
Shekhunova and Stadnichenko, 2010; Garcia-Veigas et al.,
2011). Detailed studies of the sulphur (§**S) isotopic composi-
tion of evaporites of Kungurian age were conducted mainly for
the Caspian Basin (Makhnach et al., 2000); single data from the
Upper Kama Basin (Solikamsk) have also been presented
(Dzinoridze et al., 2000; Kovalevych et al., 2002).

The following study determines the sulphur (8**S) and oxy-
gen (5*0) isotope composition of the Lower Permian (Kun-



The sulphur and oxygen isotopic composition of anhydrite from the Upper Pechora Basin (Russia)...

991

Table 1

The §*S and 5'°0 values of Permian marine evaporites (number of analyses given in parentheses)

i i - 58, %ocor
Age Basin location Facies References
Range Mean
. Claypool et al. (1980);
Delaware, USA sulphate 11.8-13.8 122(6) Holser and Kaplan (1966)
halite 11.3-11.3 11.3 (4) Claypool et al. (1980)
sulphate 9.6-12.6 11.4 (52) Peryt et al. (2010)
Zechstein, Poland ) Kovalevych et al. (2002); Vovnyuk et al. (2004)
halite 8.84-13.29 1 10.9(95) Peryt et al. (2005): Garcia-Veigas et al. (2011)
sulphate 12.41-12.88 | 12.7 (4) Kovalevych et al. (2002); Vovnyuk et al. (2004)
Lopingian halite 10.26-13.23 | 11.9 (13) Kovalevych et al. (2002); Vovnyuk et al. (2004)
i sulphate Nielsen and Ricke (1964); Holser and Kaplan (1966);
Peri-zBez;Tiite;L;ssia (Strassfurty | 10-1-118 | 10.8(11) | kramm and Wedepohi (1981); Kampschulte et al. (1998)
sulphate = Nielsen and Ricke (1964); Claypool et al. (1980); Kramm
(\/\ﬁerra) 10.5-12.6 | 11.5(34) and Wedepohl (1991); Kampschulte et al. (‘?998)
halite 9.4-12.4 10.7 (15) Holser and Kaplan (1966)
sulphate
Denver, USA (Satanka) 12.6 12.6 (1) Holser and Kaplan (1966)
Average values 11.6 (235)
Palo Duro, sulphate 10.5-16.8 | 12.8 (12) Claypool et al. (1980); Makhnach et al. (2000)
western USA
Roadian . )
Pricaspian, halite 11.5-13.4 12.6 (8) Claypool et al. (1980); Makhnach et al. (2000)
Upper salt
Average values 12.7 (20)
sulphate 13.7-15.1 14.6 (3) our data
Kuncurian Upper Pechora halite 12.6-15.0 | 13.8 (21) our data
g Pricaspian, sulphate 11.0-16.4 | 14.1 (18) Makhnach et al. (2000)
Lower salt halite 10.5-15.1 | 12.7 (29) Makhnach et al. (2000); Vovnyuk et al. (2004)
Average values 13.8 (71)
Artinskian Sp‘,ffgrﬁlvrg)?“' sulphate 13.0-13.9 | 13.2(4) Claypool et al. (1980)
Dnipro-Donets, sulphate 13.1-13.2 13.2 (2) Shekhunova and Stadnichenko (2010)
Ukraine halite 8.4-116 | 10.4 (11) Shekhunova and Stadnichenko (2010)
Asselian- Dvina-Sukhona, sulphate 13.12+0.07 | 13.1 (20) Vysotskiy et al. (2004)
Sakmarian Belarus halite 11.77-13.76 | 12.7 (7) Kovalevych et al. (2002)
sulphate,
Denver, USA (Wolfcampian) 12.7-12.8 12.8 (2) Holser and Kaplan (1966)
Average values 12.4 (42)

gurian) anhydrite of the Upper Pechora Basin, Russia (Fig. 1).
The aim of the research was to provide new data from the not
previously investigated area and determine the potential impact
of reduction processes on the isotopic composition of
sulphates. In addition, in order to determine the intensity of bac-
terial sulphate reduction in a near-bottom depositional environ-
ment, the pyrite content was studied. Pyrite is regarded as a fi-
nal product of the sulphate reduction process (e.g., Vinogradov,
1980) which is recorded indirectly by changes in the isotopic
composition of anhydrites. The abundance and size of crystals
of pyrite have been determined from the silty-sand fraction
(0.01-1 mm) of the insoluble salt residue.

GEOLOGICAL SETTING

In Early Permian (Kungurian) times, evaporites (clastic-sul-
phate deposits, rock salts, and potash salts) were deposited in
the Ural Foredeep. The largest basin — the Upper Kama salt ba-

sin — located more to the south part of the Cis-Ural Depression
(Fig. 1), occupies the Cherdyn-Solikamsk Depression where
potash salt deposits were subsequently exploited (Solikamsk
and Berezniki mines). The smaller basin, located to the north —
the Upper Pechora Sub-basin — is our study area. Both salt bas-
ins are separated by a transverse ridge that controlled water ex-
change (lvanov and Voronova, 1972).

The Upper Pechora salt basin was discovered during
gas-oil exploration in the 1950s and 1960s, when several widely
separated salt deposits were found in the northern part of the
Ural Foredeep (Cis-Ural Depression). The length of the Upper
Pechora Basin is 125-130 km and the width is 50 km (Fig. 1);
the area of the basin that has undergone evaporite sedimenta-
tion is approx. 6,000 km?.

The total thickness of the evaporite succession that accu-
mulated in the Upper Pechora Basin ranges from 600—700 m
(Strakhov, 1967). This evaporite sequence is part of the Lower
Permian (Kungurian) succession known as the Irensk horizon
or suite (e.g., Chuvashov, 1995) and includes three thick salt
units: lower rock salt, potassium-magnesium salt, and upper
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Fig. 1. Schematic map of the Upper Pechora salt-bearing basin
(after Foigt, 1965; Rayevskii et al., 1973; Vysotskiy et al., 1988; Shanina et al., 2012)

rock salt (Foigt, 1965; Ivanov and Voronova, 1968; Vysotskiy et
al., 1988). The lower rock salt thickness varies from 125-130 m
in the west to 400 m in the eastern part of basin. The potash salt
horizon has a total thickness in the range of 8-63 m. There are
4-7 beds of potassium-magnesium salt (0.5-0.75 m each),
mainly sylvite and carnallite. The maximum thickness of the up-
per rock salt is 80 m (Fig. 2). The characteristic feature of the
salt formation in the Upper Pechora Basin is a high content of
carbonate-terrigenous clay material in the form of layers and
admixture, particularly in the initial stage of evaporitic deposi-
tion (lvanov and Voronova, 1972). The evaporite formation is
underlain by terrigenous deposits with limestones (Artinskian
stage) and overlain by marly mudstones and sandstones
(Ufimian) (Figs. 2 and 3).

The Kungurian saline formation in the Upper Pechora Basin
as a whole is highly distinctive. First, the halite facies is ex-
tremely well-developed, in area and in total mass, among other
deposits. At the same time, the distribution of deposit types
shows a very clear asymmetry in the facies zone, both from
east to west and from south to north (Fig. 1). This complex
asymmetrical distribution of evaporites is associated with sub-
strate tectonics. The dolomite-anhydrite, sulphate facies, for-
med on a relatively stable, only slightly-inclined floor to the cen-
tre of the basin and beds are therefore thinner. The halite facies

developed over tectonically more mobile structures of the Ural
Foredeep and the deposits are consequently much thicker
(Strakhov, 1967). The potash salt accumulated in the most mo-
bile and most intense subsidence zones (Fig. 3).

MATERIALS AND METHODS

For this study, the anhydrite from the sulphate facies was
sampled from boreholes #1 and 7, whilst anhydrites from the
lower rock salt were sampled from boreholes # 3, 12, 14, 16, 17,
19. All these boreholes are located about 230 km north of
Solikamsk (Fig. 1).

PYRITE SAMPLE COLLECTION
AND OBSERVATIONS

Fragments of halite from lower rock salt formations were
sampled (25-35 g each) from a borehole and were subse-
quently dissolved in distilled water. Previous studies of the in-
soluble fraction (Dzinoridze et al., 2000) showed that iron sul-
phide prevalence characterizes the pelitic fraction (0.01 mm)
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Fig. 3. Schematic geological cross-section of the Upper Pechora salt basin (after Ivanov and Voronova, 1968)

and larger size fraction (Fig. 4). In our study pyrite was particu-
larly observed in the silty-sand fraction (0.01 to 1 mm). Crystal
microanalysis was completed using a SEM microscope (LEO
1630 VP) with X-Ray spectrometer following Laser Micro
Spectrographic Methodology. Quantitative analysis of the py-
rite content was completed by visual estimation of the crystals.

ANHYDRITE SAMPLE COLLECTION
AND ANALYTICAL PROCEDURE

Massive anhydrite samples were collected from thick anhy-
drite beds, from cores of two boreholes located in the marginal

part of the basin (sulphate facies), whilst nodular anhydrite was
collected from crystals of halite, obtained after salt dissolution in
distilled water. Nodular anhydrite occurs mainly among sedi-
mentary layers and at the junctions of the individual halite crys-
tals (Fig. 5).

Stable isotopic analyses (5**S and §'®0) of anhydrites were
conducted by two laboratories: ALS (Australian Laboratory Ser-
vices) Laboratory Group and Oxy-Anion Stable Isotope Con-
sortium (OASIC) in Louisiana State University. The majority of
isotopic analyses for the 21 samples were performed by ALS
Laboratory Group; three analyses (samples 16/12, 3/19, 9/7)
were performed by OASIC Laboratory.

The analytical workflows ALS laboratory used for sulphur
isotopes are as follows: samples were weighted into tin cap-
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Fig. 4. Morphology of the pyrite grains, photo SEM microscope, borehole 16, sample 2/16

sules and the sulphur isotopic composition was measured us-
ing MAT 253 Stable Isotope Ratio Mass Spectrometer coupled
to a Costech ECS 4010 Elemental Analyzer. Sulphur isotopic
analyses were normalized to the VCDT standard.

Oxygen isotopes: samples were dissolved in 2N HCI and
reprecipitated as BaSO, by using a saturated solution of BaCls.
Precipitates were centrifuged, dried, and weighed into a silver
capsule. The oxygen isotopic composition is measured using a
MAT 253 Stable Isotope Ratio Mass Spectrometer coupled to a
Thermo Scientific TC/EA High Temperature Conversion Ele-
mental Anal1yzer. The §'0 values were calculated by normaliz-
ing the "®0/™0 ratios in the sample to that in the Vienna Stan-

dard Mean Ocean Water (VSMOW) international standard. All
values were reported using the delta (3) notation in units of
permil (%o) and reproducible to 0.2%o.

The analytical workflows used in the OASIC laboratory: the
residual of acid treatment or extracted BaSO,4 and Ag,S precipi-
tate were combined with excess V,0s and analysed for concen-
tration and isotope composition of sulphur using an Isoprime
100 (Isoprime 100, Cheadle, UK) gas source mass spectrome-
ter fitted with a peripheral elemental analyser (Micro Vario
Cube, Isoprime Ltd., Cheadle, UK) for on-line sample combus-
tion. The analytical error is <0.2%o, calculated from duplicate
sample analyses and laboratory standards.
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RESULTS

PYRITE OF THE ROCK SALT
SILTSTONE-SANDY FRACTION

Pyrite occurs in numerous shapes and habits, for example
as: isometric cubic crystals, octahedral, octahedral cubes, or
aggregate concentrations with indistinct habits (Fig. 4). The ob-

served yellow-brown single crystals have sizes not <50 um and
rarely >200 um. Mineral aggregates with pyrite crystals were
observed as large as 500 um, where besides pyrite, plagio-
clases (albite), K-feldspars, quartz, and single grains of wolla-
stonite were found.

The abundance of pyrite in the samples was characterized
by a strong contrast from low (<<1%) to high (4-5%) content of
isolated crystals (Table 2).

Fig. 5. Nodular anhydrite (an) within terrigenous material in chevron halite (A) and at the junctions
of the individual halite crystals (B), borehole 5, sample 5/3

and insoluble residue

Table 2

The §**S and §'°0 values for anhydrite of the UpPer Pechora Basin, thick anh)sdrite of sulphate facies,
o

lower rock salt (halite facies

S it : 34 18
Borehole | Sample| " OO adtion of he rouk Saf 6] | charcieristics | Secor | Yesuon

1/3 420.6-420.7 1 13.8 8.9

2/3 428.3-428.5 2-3 14.8 9.8

3 4/3 446.7-446.8 1 13.1 8.6

5/3 450.25-450.35 1 13.3 8.7

6/3 454.9-455.0 <1 13.1 8.9

12 16/12 282.4-282.6 2-3 15.0 10.9

2/14 429.5-430.1 <1 13.4 8.1

14 3/14 435.8-435.9 2-3 14.1 9.1

6/14 441.0-441.1 2-3 13.8 9.5

8/14 465.7-465.9 1-2 nodular anhydrite 14.2 10.0

216 | 468.4-468.5 4-5 dispersed in haiite, ™36 | 86

16 3/16 474.3-474.4 2-3 13.4 8.4

4/16 481.4-481.6 <1 12.6 8.6

5/16 493.2-493.4 1-2 14.6 9.4

2117 373.7-373.9 1-2 13.0 7.5

17 3/17 377.6-377.7 1-2 14.0 8.4

9/17 409.1-409.2 1 13.9 8.7

2/19 454.5-454.7 <1 13.5 7.8

19 3/19 456.9 2-3 14.4 9.4

7/19 483.6-483.7 4-5 14.7 9.5

8c/19 492.3-492.4 <1 14.0 9.0

4-5 nodular anhydrite
15 22/15 395.7-395.8 . . dispersed in halite, 13.2 8.7
(pyrite and pyrrhotite) K-Mg salt
massive anhydrite
4 1/04 220.85-222.35 - from the terrigenous | 14.9 9.3
formation
10/7 230.2-233 — massive anhydrite 13.7 9.4
! a7 230.1-230.2 - st | 154 | 104
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THE SULPHUR AND OXYGEN ISOTOPIC
COMPOSITION OF ANHYDRITE

The oxygen and sulphur isotope analyses were determined
on 24 anhydrite samples from the sulphate and halite facies.
The measurement of the isotopic composition of sulphur for
three samples of massive anhydrite from sulphate facies varies
from +13.7 to +15.1%0 (mean of 14.6 + 0.8%o); the isotopic com-
position of oxygen for the same samples varies from +9.3 to
+10.4%o (mean of 9.7 + 0.6%o). The values of isotopic composi-
tion of sulphur and oxygen of anhydrite from halite facies (21
samples of nodular anhydrite) varies from +12.6 to +15.0%o
(mean of 13.8 + 0.6%0) and +7.5 to +10.9%0 (mean of 8.9 *
0.8%o) respectively. All results are presented in Table 2. The
mean 8*S value for all samples analysed was +13.9%o with
standard deviation of +0.7%; the mean §'®0 value for all sam-
ples was +9%o with standard deviation of £0.8%o. The linear cor-
relation coefficient for isotopic data of §**S and §'®0 indicates

Depth
[m]

Borehole 12

260—

8 "

9 10
618O%OSMOW
320—]

340—
Borehole 17

5% S%ocor

T T 1
360—] 12 13 14 15

380

Borehole 3

400 5%S%ocor

420—]

440—

460—]

480—]

500—

520—

quite a strong relationship: 0.77 in both facies (Figs. 7 and 8).
The change of §**S and §'°0 in the anhydrite halite facies is 2.4
and 3.4%o (Fig. 6), whereas in the sulphate anhydrite facies the
change is between 1.4 and 1.1%eo.

INTERPRETATION AND DISCUSSION

The fluctuation in the observed isotope values of anhydrite
can be explained by chemical and biological processes during
sedimentation and early diagenesis in the evaporite basin
(Pankina et al., 1985; Shekhunova and Stadnichenko, 2010;
Galamay et al., 2014). Therefore, fractionation in §**S and §'°0
of dissolved sulphate occurs due to brine evaporation and
crystallisation of gypsum (Thode and Monster, 1965; Holser
and Kaplan, 1966; Nielsen, 1972; Pankina et al., 1985; Cendon
et al., 2004). An important factor in the isotopic composition of

g

layer of massive anhydrite (sulphate facies)

layer of potassium-magnesium salt

[ ] 5%S%o.,; anhydrite from rock salt

O 8"° %00 @anhydrite from rock salt

Depth
(m]
— 400
Borehole 14 |
5%S%ocor
— 420
Borehole 19 B
5%S%o — 440
— T Borehole 16
12 13 14 15 6348%0091 [

~65m 61BO%"SMOW

18
[ O%Osmow

~175m

Fig. 6. The fluctuation values of 5**S and 5'®0 of the anhydrite in borehole data of the Upper Pechora Basin
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Fig. 7. Correlation between sulphur and oxygen isotopic
composition of nodular anhydrite (halite facies)

anhydrite is bacterial sulphate reduction (e.g., Vinogradov,
1980; Vysotskiy et al., 2004; Peryt et al., 2007), continental in-
flux to a marine evaporite basin, and erosion of previously pre-
cipitated sulphates (e.g., Taberner et al., 2000).

Considering that evaporites of the Upper Pechora Basin
have formed in a marine depositional environment (e.g.,
Strakhov, 1967; Galamay et al., 2013), the obtained §**S and
8'%0 results characterize the oxygen and sulphur isotopic
composition of marine sulphates (gypsum and anhydrite) of
Kungurian age. The presence of pyrite in insoluble rock salt
residue of the Upper Pechora Basin (see Table 2) indicates

bacterial sulphate reduction processes. Isotope fractionation
during sulphate reduction by bacteria in organic-rich sedi-
ments leads to enrichment in the light stable isotope (**S) of
hydrogen sulphide (as the earliest sulphate reduction product)
and pyrite (as the final product of reduction). Vinogradov
(1980) suggested that nearly all pyritic sulphur formed in the
earliest periods of sediment diagenesis, and that the para-
genesis of anhydrite and pyrite indicates a similar time of
crystallisation for both minerals.

As shown in the diagram (Fig. 7), intensification of sulphate
reduction (increase of pyrite content) does not in all cases lead
to the enrichment of the heavy isotope (5**S) of anhydrite. This
may indicate the simultaneous (synchronous) influence of other
factors, such as crystal fractionation and the influx of continental
waters. However, the sulphate reduction process was a deter-
mining factor of the fractionation of sulphur isotopes, especially
when difficulties with intercrystalline replacement (in mud) with
pre-bottom brine have contributed to this process. This hypoth-
esis was supported in samples 2/3, 16/12, 8/14, 5/16, 3/19, and
7/19 by the presence of silty-sand fraction in dense lumps of
clay and fine spongy anhydrite nodules, filled with clay, which
has not been observed in other samples. The extensive devel-
opment of bacterial sulphate reduction contributed to a high al-
kalinity of brine (Galamay et al., 2013) and a high content of or-
ganic matter buried in sediments. For example, the deficiency
of such factors was the cause of the poor development of bacte-
rial sulphate reduction in the Badenian saline basins (Peryt et
al., 2002; Galamay et al., 2014).

As in the other formations, a clear decrease of the §*'S
value in anhydrite was observed in the upper part of lower rock
salt unit, before deposition of potassium-magnesium salt in the
Upper Pechora Basin (Table 2 and Fig. 6). This decrease of
§%S value was in the range from 0.7 to 1%o, and §'%0 in the
range from 0.9 to 1.6%o. As shown by Raab and Spiro (1991),
the §*'S values of sequences resulting from evaporation in a
closed basin decrease towards the end of the halite facies.

In previous studies (Holser and Kaplan, 1966; Claypool et al.,
1980; Pankina et al., 1985), the *S value of Permian anhydrite
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Fig. 8. Correlation between the concentration of sulphate ions in the brines of Permian salt basins

and value §**S in anhydrites

A — the value curve of the sulphate ions content (Kovalevich and Vovnyuk, 2010); for calculating the content of sulphate ion, we
used data from the following papers: Moskovskyi (1983), Petrychenko (1988), Horita et al. (1991), Kovalevych et al. (2002),
Horita et al. (2002), Lowenstein et al. (2005), Galamay et al. (2013); B — the value §**S curve of anhydrites (according to Table 2)
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was established as an average value. Table 2 presents §**S and
3'®0 data of anhydrite characteristic for Permian marine
evaporite deposits, which were formed with the minor influence
of continental clastic input and isotope fractionation processes.
The table data show that §*S of the anhydrite of Kungurian
evaporites show a slightly different **S concentration compared
with the anhydrites of the Asselian-Artinskian and Ufa-Tatar bas-
ins. In contrast, sea water of the Kungurian interval has the low-
est level of sulphate ions compared to other parts of the Permian.
Therefore we suggest an inverse correlation between 3*'S
anhydrite and the content of sulphate ions in brine from fluid in-
clusions of evaporite basins (Fig. 8). The trends of sulphur isoto-
pic composition of sulphate anhydrite and halite facies are identi-
cal. It requires clarification of whether such a correlation is of a
coincidental character or if the evolution of the isotopic composi-
tion of the dissolved marine sulphur was taking place during the
entire Permian. Various researchers identified multidirectional
(both direct and inverse) correlation between the content of sea
water sulphate ions and sulphur evaporite isotopic composition,
for the larger intervals (different periods) during Phanerozoic
time (Kovalevych and Vityk, 1995; Algeo et al., 2015). It was in-
duced by global change of the depositional ratio and erosion of
sulphates or sulfides (Pankina, 1978; Nielsen, 1973; Claypool et
al., 1980) and/or intensity of a biological sulphate reduction and
other factors (Pankina, 1978).

CONCLUSIONS

New 8*'S and §'®0 values for anhydrite from the Upper
Pechora Basin are characteristic of marine evaporites of

Kungurian age and they differ slightly from Kungurian anhydrite
from the Caspian Basin. The narrow fluctuation range of sul-
phur and oxygen isotope values of the measured anhydrite indi-
cates their small fractionation. The fractionation was influenced
by a variety of factors, mainly bacterial sulphate reduction pro-
cesses. This is indicated by the presence of syngenetic pyrite
(up to 5%), in the water-insoluble residue (silty-sand fraction)
from the halite. The Kungurian anhydrites are characterized by
a higher 8*S value compared to the anhydrites of the
Asselian-Artinskian and Ufimian-Tatarian sequences.
Sulphates dissolved in sea water have varied through geo-
logic time, which confirms the evolutionary changes in the Earth’s
history. A comparison with other Permian epochs shows that sea
water of Kungurian age had the lowest content of sulphate ions
calculated from the chemical composition of Xuid inclusions in
halite. The results of the sulphur isotopic composition for all
known Permian marine evaporites indicate that the highest val-
ues of 3**S were recorded for evaporites of Kungurian age.
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