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Abstract The Bochnia Evaporites member (3rd cyclothem) is the thickest set of strata among
5 cyclothems representing Miocene evaporites in the southern part of Poland. Sediments of the 3rd
cyclothem may be subdivided into 2 subcycles, 4 nad B, reflecting two different conditions of sedi-
mentation. Geochemical study of the member in question was carried out on the ground of numerous
samples collected from the whole stratigraphic sequence. As much as 58 samples from the Wieliczka
and Bochnia salt mines were subjected to chemical analyses.

From the calculated values for K', Mg*", and Ca2, as well as the ratios of Mg:Cl and K€l
one may conclude that close to the top of the member favourable conditions for deposition of
K — Mg salts have been initiated. Bromine analysis in relation to palaeosalinity does confirm this
conclusion.

Besides colourimetric method in bromine analysis, a new, practical, and accurate method has been
applied, using SEMQ electron microprobe. This method emphasizes the significance of small distance
of sampling sites, within the range 2—10 cm.

INTRODUCTION

The Miocene evaporites are widespread almost all over the southern part of
Poland, displaying facies variation, ranging from carbonatic to chloridic (Fig. 1).
In the late Miocene these deposits were folded and thrust from the south to-
wards the north by the Carpathian movements, leading to various degrees of
deformation, from severely deformed deposits, passing northward to less deform-
ed ones. As a result of the work of Garlicki (1968), five sedimentary cyclo-
thems were distinguished. These five cyclothems were stratigraphically considered
as five members belonging to Wieliczka Formation or to the salt bearing forma-
tion (Garlicki in press), where Bochnia Evaporites member represents the 3rd
member or the 3rd cyclothem.

* Institute of Geology and Mineral Deposits, Academy of Mining and Metallurgy, Cracow
(30-059 Krakow, al. Mickiewicza 30).
** Geology Department, Cairo University, Egypt.
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Distribution of Badenian evaporites in the Carpathian foreland of Poland
2 — carbonate-littoral facies, 3 — sulfate facies, 4 — chloride facies, 5 — salt de

Bigel.

1 — outcrops of sediments older than Miocene,

posits within the lolded and overthrust unit

6 — area without evaporites, 7 — margin of the Flysch Carpathians overthrust

Stratigraphically, the member in question consists of five green salt layers,
separated by intercalations, and is overlain by Shaft salts and Lower Spiza salts.
The whole sequence is initiated with terrigenous sediments and ended with layers
of salt. This facilitates further stratigraphic subdivision of the member into
two subcycles.

The authors would like to thank the authorities of Wieliczka and Bochnia salt
mines for providing the samples. Thanks are also directed to laboratories of geo-
chemistry, mineralogy, and electron microprobe investigations, Academy of
Mining and Metallurgy, Cracow, for the help in carrying out the necessary analyses

for the present work.
STRATIGRAPHIC SETTING

Bochnia Evaporites member consists of two subcycles, A and B, reflecting
different physico-chemical conditions governing in the basin (Fig. 2).

The lower subcycle A innon-deformed portions of the basin comprises
5 green salt layers separated by 4 intercalations. The green salt layers could be
considered as a prograding phase towards the maturity of evaporating process,
which took place within the middle cycle of the 5 minor ones. The deposit
of the minor cycle no 3 is the thickest and the purest one, whereas those of
minor cycles nos 1 and 2, 4 and 5 represent aggrading and retrograding phases
respectively. Intercalations, alternating with 5 green salt layers are represent-
ed mainly by terrigenic material, composed of anhydritic claystones and silt-
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stones with shales. All intercalations are thinly bedded, reflecting quiet condi-
tions of sedimentation.

The upper subcycle B represents the maturation phase of evapora-
tion process. It contains the thickest salt layers as well as the purest ones, being
the products of two minor sedimentary cycles (numbered as 6 and 7). Shaft
salts represent minor cycle no 6 and are developed as pure salts displaying
bituminous odour. They reflect the first relatively longer period of evaporation.
Lower Spiza salts represent minor cycle no 7 which is considered as the culmi-
nation of evaporation process. This cycle is made up of the purest and thickest
salt layers among those constituting the member. The subcycle B begins with
the thickest intercalation, reflecting the longest period of terrigenic influxes

to the basin. A second intercalation recorded separates both Shaft and Lower
Spiza salts.

RESEARCH MATERIALS AND GEOCHEMICAL ANALYSES

58 samples covering the Bochnia Evaporites member from the Wieliczka
and Bochnia salt mines were collected for geochemical study at 0.3 —1.2 m intervals
across the total thickness of each salt bed. The interval was depending on the
uniformity of salt and the position of non-halite intercalations. The samples
were obtained using hand pick method in order to get the purest halite specimens.

The main constituents of the samples were determined as follows:

chlorine (wt. %) — by argentometric method,

sulphate (wt. %) — the samples were treated with dil. hydrochloric acid
and sulphate precipitated from the obtained solution as BaSO,, filtered, burned
and weighed, : :

: 1 nsoluble residue (wt. %) — the initial sample was dissolved in
distilled water, filtered off, washed, dried and weighed.

Moreover, Na, K, Mg, Fe, Zn, Cu, Mn, Pb, Ni, Co, Sr, Cd were determin-
ed .as wt... %, using PYE UNICAM, SP 90 Atomic Absorption Spectrophoto-
meter. In addition boron was determined by spectrochemical method.

The results of the above mentioned analyses are presented in Tables 1—4
and Figs. 3—6. In addition the concentration logarithms of K*, Mg?*, Ca2*
apd Cl= (in ppm) have been calculated (Tables 5 and 6), as weil as th,e func:
tional ratios of K:Cl and Mg:Cl presented in Figs 7, 8, 9 and 10.

BROMINE PROFILE

The geochemistry of bromine in the marine evapori i
porites was studied

by Boeke (1908), and recently developed by many authors (Kithn 19551261 ba]rle9a6(§3y
Kalyas%(& 1;5?(, 159(:6hgwelr;imer and Wardlaw 1963, Holser 1966, 1970 1979,
aup 1966, Za , 1974, Hite 1970, 1974, Raup and Hit - Gatlokilsed
V\fle\worka 1981). General distribution of broming in rocl‘,lfsl?;% C\}Na;tléils(l :}f;fi
pAe??_ngcd by Holser' (1966): whcre by the author introduced the distribution
coetficient. From this coefficient one can calculate the concentration of bromine

during crystallization of the fi i e evaporatio oceed

e first halite, and then ion cee i
stalli : it eas por: p
concentration in the brine and succeeding crystals i g i

im;s;rllples colle?teq from Wieliczka salt mine (58 in number), with 0.2—0.5 m
» were analysed using colourimetric procedure. In add,ition 25 sarr.lples
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Results of chemical analyses, VI level, Wieliczka (wt %)

- = vy O = o0 oo oo
o2 MRS YT TANMMETITmBaAT TN T O OSSR
5 6O OO0 OSSO D BSOS DS SS S ®AQ
= 828888880a«ooc~o~23923900\0«
O — aMnNe~oTOYT -~V VvV ST
O fgg%m%@%&vwoqqqmﬂ:u\—;ﬁqqg
= OB O FO NN T OIS DS 000 O YOO
y4 TS SRS DTRR SN NN o ok oF & @
v
I (=1 N 2
s (S8 it P s s e S )
O =) S =]
= o0
s o v e
o
) 0 v AU e - o S e T s
= S| = =
—_— oo
N O M~WVOVOU—VOANAA—MNMNMNnAoARND OMO_N
O a AN NN =N Aaa
< 285388385c38d5883585<s2s3s2 <
M SIS S SIS TSSO S O OO O OO
i I ls) ~ o
v 0 A OV MW ")
2 R BBI2R2R 1 888 J o= | a2
< = — 0 ~ Mo = e R R B e e
Z
N R R B = ] <+ -
2 513885888 1883585522 lax
%o =) S S S S S SIS e & Ao S o
=
O\Ol‘Nw‘f‘flo\l\Nl’\mv\D
& 22282 TI2IRALSIRILLS5IZRIS
6 B —~0 ~ N~V —~NNUVHnOoOOCcOoOOOOOOOoOM
o AN nNO — O T oo —= T I
S TARXLAS5IZICRISIELSATE Mo
2 SRS F P S D Ra = e 5 Sia
fﬂ-—-\ol\'—‘o\o\ma\No‘
©) b et N 00— <P 00" \OF o = 00 00" OGN 00 00 99700 0O ON
lnNOs»DIn\olnlnmo-nmm
& PR DRERLERDSE DSOS © SRR
& S58555552588358855588583¢9
= S ST SIS SESic Sl SiciSicioioio © Sfo g olO
\Doomvwwoow—\ovx\w
(_“} N S it ovor il ok oASY o STorofo o QS OO,
A —~ O — QA O X
I g SRV R ol ROV N NSl R e S S = — S S n
< 3583553338553 8355388858
M et St oSSl SRS SiSiSIcicia o o O G O
l\moov——'N@NMOO\
+ g%%aﬁzsggﬁggorﬂﬁqnlﬁﬂquz
S, e s T e 00% T TN AT 00 00 Fo 004 00 (00 (a0
Z Qi 3 ool I LSRN ShY (A% 037t n ' cnt end cn chted Tn @en ) @ A
=t Vi 0 O O — [~ \O = 00 A — =
oS %gg‘-wggﬁgmo.t\_z\_g_wmmowo‘“"’ng
B 0 o e vt AR T e Y e e R Vi S Sl el o) SRR S NG
_-U) —_—
i &
| o~ QD =~ Mm
g |~amyraoNeaSIINNILSRRARINR
<
w
o~ NS~ M TN ON N
I 0 o A A e A A AT 4 ) B VAT (R
R
g I IR A AN A AR R
o RRXRRRR2RR RRRR

* Wieliczka, level number, sample number in the profile.
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Concentration logarithms of K*, Mg, Ca?', and the relations

of K:Cl, Mg:Cl, VI level. Wieliczka

To bl eed

¥ 24 02+
Symbol Sample ¥ g Ca:‘ Cl; I].(og r\Id.cg)g i(:)g = élloa MgC:I =
no W%~ Wt el =wtogg [ wt. % Som ppm ppm

W-6-1 1 0.044 [ 0.015 2.48 43.26 2.64 2.18 4.39 1.006 | 0.353
W-6-2 2 0.017 | 0.014 1.72 53.19 2.23 2.13 4.23 0.322 | 0.254
W-6-6 3 0.008 | 0.009 0.47 57.96 1.91 1.95 3.67 0.139 | 0.152
W-6-7 4 0.017 | 0.013 2.38 52.48 2.23 2.11 4.38 0.322 | 0.247
W-6-8 5 0.013 | 0.013 0.49 57.51 2.09 2.10 3.69 0217 80:219
W-6-9 6 0.015 | 0.016 0.77 54.96 2.6 2.20 3.89 0.269 | 0.289
W-6-12 7 0.017 | 0.012 2.38 53.06 2:23 2.07 4.38 0.319 | 0.222
W-6-13 8 0.014 | 0.013 1.69 51.58 2418 232 4.23 0.261 0.257
W-6-14 9 0.011 | 0.019 0.76 54.17 2.02 2.29 3.88 0.195 | 0.358
W-6-17 10 0.009 | 0.086 0.80 58.15 1.96 2198 3.90 0.155 1.472
W-6-18 11 0.010 | 0,005 0.80 56.74 1.99 1.67 3.90 0.176 | 0.083
W-6-19 12 0.014 | 0.012 1.49 5337, 2.14 208 | 4.17 0.261 | 0.226
W-6-20 13 0.011 | 0.009 0.24 57.83 2.04 [R5 3.38 0.339 | 0.145
W-6-21 14 0.011 | 0.006 0.29 58.51 2.04 1.78 3.46 0.189 | 0.103
W-6-22 15 0.011 | 0.005 0.25 58.86 2.02 1.69 3:39 0.179 | 0.085
W-6-23 16 0.009 | 0.006 0.19 59.57 1.97 1.75 3.28 0.158 | 0.094
W-6-24 17 0.011 | 0.005 0.20 58.51 2.04 1.69 3131l 0.189 | 0.085
W-6-25 18 0.010 | 0.005 0.28 58.69 2.00 1.73 3.45 0.172 | 0.091
W-6-26 19 0.010 | 0.005 0.21 58.69 1.98 1.69 3883 0.164 | 0.085
Ww-6-27 20 0.011 | 0.006 0.26 58.33 2.05 1.77 3.41 0.191 [ 0.101
W-6-28 2] 0.010 | 0.005 0.24 58.69 1.98 1.67 3.38 0.164 | 0.080
W-6-29 22 0.006 | 0.003 0.07 59.22 1875 1.45 2.85 0.096 | 0.047
W-6-30 23 0.058 | 0.093 0.99 35.99 2.76 2:97 3.99 1.613 | 2.584

e ile ©

Concentration logarithms of K*, Mg?*, Ca?*, and the relations
of K:Cl, Mg:Cl. IX™ level Bochnia
Syibél Samle [ K* Myl Cazall Si@ls ]li: Tg“ Cat® ik 5 Mg - 10°
no Wt % | wt % | wt% | wt % g og Log Cl Cl
ppm ppm ppm
l_::,; jé gggz ggg; g:: z;(;i 1.83 1.34 3.16 0.117 | 0.038
L5 - 0,006 0.003 0.14 58,33 ‘ 1.76 1.49 3.24 0.099 | 0.053
. . : ; 1.76 1.43 3.16 0.099 | 0.046
B-9-D 54 0.007 | 0.004 0.61 57.27 1.83 1.58 3.78 0.118 | 0.067
B-9-E 55 0.008 | 0.004 0.72 57.98 1.89 1.58 3.86 0'133 0-066
B-9-F 56 0.009 | 0.008 0.88 55.79 1.97 1.91 3.94 0.169 0.145
B-9-G 57 0.005 | 0.007 0.25 58.69 1.68 1.86 3.39 0:082 0:|24
B-9-H 58 0.010 | 0.004 | 0.80 56.32 2.02 1.63 3.90 0.186 | 0.075
Sm—
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Taible 7

Results of trace chemical analyses, VI, VIII'" levels, Wieliczka. N* below detection limit
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were obtained from the third green salt layer, where spacing between samples
was ranging between 2—10 cm, in order to throw the light on Br/Cl ratio changes
within close intervals. These samples were analysed using Scanning Electron
Microprobe Quantimeter, type SEMQ-ARL. The obtained values Qf. Br and Cl
contents were not absolute ones, but referred to two standards containing pure Br
and Cl (NaCl and KBr pure crystals) with 60.66 wt. % and 67.15 wt. 7, for Cl and
Br respectively. The results of both analyses have been presented in Figs 11

and 12.
DISCUSSION AND INTERPRETATION OF RESULTS

The content of NaCl (in weight percent) ranges from 52 to 98, and its observed
increase in positively correlated upwards with stratigraphic sequence. This is
presented in Table 1 and Fig. 3, where in the Lower Spiza salts (samples nos
14—22 and 23) the relative increase of NaCl content rises up to its maximum
within sample no 21, while within sample no 23 the percent of insoluble residue is
higher, indicating the end of the evaporation period. In the third green salt
layer, a duplication phenomenon within one evaporatic period restricted to one
lithological type was established. Sample no. 4 represents a short period of de-
crease of NaCl content. This is consistent with macroscopic observations, which
show a clayey layer intercalated with salt. ;

Recently Dean er al. (1978), and Holser (1979) were the first to point atten-

VI® level Wieliczka"
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Fig. 6. Petrochemical diagram, IX™ level, gallery perpendicular to gallery Grubenthal, Bochnia mine

tion on the importance of the contents of Sr, Mg, K, Ca, Na, Mn and Fe to
explain the nature of primary minerals in various evaporite sequences.

The results of trace element analyses are tabulated in Table 7, whereas for
K+, Mg?*, Ca?*, and Cl~ relations, in Figs 7—10. :

Vertical distribution of K*, Mg?*, and Ca?* in Figs 7 and 8 give clear indica-
tion about the increase of concentration close to the top of the Lower Spiza
salts (Fig. 7, sample 23). Within Shaft salts, both Mg?* and Ca?' display irre-
gular content changes, and this could be explained by the formation of bitter
Mg-bearing mineral, which is possibly one of the magnesium chloride phases
(Table 1, sample 10). :

In Fig. 8, at the top of salt, the graph shows decrease in Mg content. This
could be the result of high solubility of Mg?* (Dean et al., 1978).

In Figs 9 and 10, the functional ratio of K:Cl and Mg:Cl shows rapid increase
close to the top of both Shaft and Lower Spiza salts (or Middle Salts), where
during the process of evaporation, the concentration of K*, Mg**, and Na*
will not change till the point of halite formation, when Na* concentration in
sea water will decrease. On the other hand, the relative concentration of K*
and Mg?*, which is considered as indicator for the appearance of potash facies
minerals, will not change. The same results were obtained by Morris and Dickey
(1957), in Bocana de Virrila, Peru, and Moore (1960), in Pupuri Salina, Mexico.
Holser (1963) found that in salt from the Wellington Formation (Permian) of
Kansas, Mg i K contents remained relatively constant in brine inclusions throughout
the formation, but Mg:Cl and K:Cl increased with rising salinity due to removal
of Cl from the water.

Within Bochnia Evaporites member, there are two distinctive types of evapora-
tion process, the products of which are: 1. Green Salt layers (subcycle 4), and 2.
Shaft Salts and Lower Spiza Salts (subcycle B), presented in Figs 2, 3, 9.

~ Multirepetition of evaporation established within the same layer (a duplica-
tion phenomenon), throws the light on the fluctuation of evaporation process
during precnpltation of the lower portion of the member, and also indicates that
the maximum of evaporation process corresponds to chloride facies. In authors
opinion each field of facies can be subsequently subdivided into smaller categories

9arrying the same lithological term (chlorides), but showing variation of the follow-
ing parameters:

a) degree of crystallinity,
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b) content of contaminating terrigenous materials,

c) crystal size,

d) quantitative content of trace elements entrapped within the crystals.

Paleoenvironmental conditions in the basin where the Bochnia Evaporites
member was deposited, resulted in “integrated evaporation process”, in which
following stratigraphic sequence could be observed: Green Salt layers, Shaft Salts,
and Lower Spiza salts. Sediments of this basin display the following features:

a) gradual increase of evaporation process to its maximum,

b) period of evaporation reflects in the thickness of chlorides when going up-
wards with stratigraphic sequence,

c) intercalations encountered in stratigraphic column of the member (anhydritic
claystones) were observed to decrease when passing from Green salts to the top
of Lower Spiza Salts,

d) appearance of the potash facies minerals (Figs 7 — 10) is a clear parameter
indicating long-lasting lack of influx of sea water to the basin of deposition. This
is supported by the continuous decrease in K : Cl and Mg: Cl ratios which indicate
continuous removal of Cl~ from sea water as a result of continuous precipitation
of NaCl (Fig. 9 and 10).

e) relative purity of intercalations with stratigraphic sequence could be ob-
served, where it grades from anhydritic claystones to shaly claystones and silts.

The results (Lf bromine ilnvestigations are shown in Figs 11 and 12. We observe
an increase in bromine values, from the to ic-
ki and Wiewiorka 1981), e top of the Oldest salts upwards (Garlic
The set of Green salt layers (with the lowest values of bromine content
22—38 ppm) represents the low quality chloridic phase. Within fourth Green salt
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layer, the ideal course of graph was met, however we must take in our considera-
tion the relatively scarce sampling when compared with thickness. The third
or the thickest Green salt layer, showed a general decrease of bromine content
oppositely to the preceding fourth Green salt layer.

Detailed bromine profile of the third Green salt layer (Fig. 12) shows 4 minor
phases of evaporation (numbered as /— V). The first period (/) represents a general
increase of bromine content upwards, and this goes ideally with theoretical data,
indicating a period of continuous evaporation without influx to the basin. The
second and fourth periods (/7 and IV) is characterized by similar curves. They
begin with decrease of bromine concentration in the lower portion and then
follows an increase upward, what reflects the existence of influx to basin, which
lowered the brine concentration and then was cut-off. In the third period (/I1) the
balance between influx and reflux is expressed by vertical course of the graph,
reflecting constant concentration of the brine in the basin.

The second Green salt layer shows first an increase in bromine concentration,
and then its decrease till the top of the layer. This indicates that influx was cut
off during sedimentation of the lower portion, wherease influx was continued
after and till the end of the evaporation period.

The first Green salt layer indicates slight fluctuation in brine concentration,
initially it decreases and then increases more or less rapidly. However, the
variation range in bromine concentration is small.

Shaft salts show a remarkable relative
compared with previously mentioned Green
formed salts were deposited during period o
the basin.

Highest values of bromine concentration were encountered within Lower Spiza
salts. The character of bromine profile in general is similar to that of Shaft

increase in bromine concentration
salt layers. This indicates that the
f relatively uniform conditions in
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salts, where we observe first a slight increase, followed by decrease and at
the end an increase again. ! :

The following problems and resulting interpretations are worth to be men-
tioned: ' o ; ;

The recorded range of bromine concentration within Bochnia Evaporites mem-
ber (28 —68 ppm) indicates that these salts are of marine origin, and the relatively
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low range of bromine content has been previously repor i
salt member of the Wellington FormationI? Permia)rll, wgerée?héefsﬁg?ﬁggl?go—n
70 ppm, Holser 1966). The character of the bromine profile (Fig. 11) shows
a general increase upwards with minor variations in vertical profile Narrow space
sampling was proved to be a necessary step towards better underétandin otP th
minor secondary changes which are of highest importance if we wouldglik tg
know the details of diagenetic history of salt layer and/or layers. In Fi 12eth
§tud|ed proﬁle shows 4 phases of evaporation period, and the rec.orded (%ecrea :
in bromme concentration were interpreted by the authors as a result of dia e
migration processes rather th_an other reasons which had been stated as ag(:netll(t;
?g rl%?:ge;oe ttik;ept;a(l)sg; :efs d;;:}(:sm&n. Lo;v bromine values were suggestive indicafii)l;s

er than of variation i i i ithi
mother liquor (Holser‘ 1966, 1979; Raup ;2;2(6”,1 gaﬁ;lzzgoﬁcif:tlrg%m ‘I)mhm i
profiles we observe ideal, regular distribution of bromine, whereas in)ih Wi
grinsse Slr;zglgzlir. Consequently the problem to solve the i’rregularity ine gﬁg;ﬁz
arises on_ o(;i giLOl:)r;d olf g)w b;omlr}e values. These data cause apparent confus-
igioton St%ldied salt deposits, either they are of marine or non-marine. In
i e representing Bochnia Evaporites member, the general trend
gular, but take authors believe that relatively low bron";ine values are ethe
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result of diagenetic processes. Raup (1966), in his analysis of the Pennsylvanian
Paradox no 2 salt considers the initial high value of bromine content in the
profile. as to the result of a carryover of bromide-rich brine from the preced-
ing cycle. The same result was achieved by Kiifin (1968), in support of this
idea. Such initially high and rapidly decreasing bromine concentrations are not
found in the earliest salts in a given basin, but only in later sequences (Holser
1979), as in the case of the Lower Spiza salts which represent the top of the
member (Fig. 11). The same rule was found in the third Green salt layer (Fig.
12), as could be seen in the fourth phase (V) of evaporation.

Following the obtained data as well as the criteria of fluctuations in bromine
content, some low values of bromine content may correspond to “descendent
salts” of Kiihn (1968) or “second-cycle salts” of Holser (1966). Such second-cycle
salts occur more likely at the top of a salt sequence, and they also require
some tectonic factor, in order to facilitate re-solution (Holser 1979). The Mio-
cene evaporites of the Carpathian Foreland had been folded and thrust during
several tectonic phases, what could result in secondary changes of the bromine
concentration. :

SUMMARY AND CONCLUSIONS

The Bochnia Evaporites member is considered to be the most widespread
one among five members representing the Badenian Miocene deposits in the
southern part of Poland. During late Miocene, these deposits were folded and
thrust northwards by the Carpathian movement leading to the origin of two units
known as autochthonous unit and folded one. The aim of the present work is to
throw the light on geochemical characteristics of the member, on the ground of
examination of 58 samples collected from 4 profiles in Wieliczka and Bochnia
salt mines and subjected to chemical analyses.

Petrochemical diagrams constructed for the analysed samples show 2 distinct
types of sedimentation. The first phase of sedimentation can be correlated with
Green salt layers and the second one with both Shaft and Lower Spiza salts, what
supports the stratigraphic subdivision of the member.

From the calculated values for K*, Mg?*, and Ca*", as well as the ratios
of Mg:Cl and K:Cl, one may conclude that close to top of the member a strong
indications for future formation of K —Mg salts could be forseen. In addition
within the same layer the duplication phenomena (multirepetition of beds) are
observed, too.

Bromine analysis in relation to palaeosalinity, does confirm the previously
achieved conclusions. Moreover, a new method applied emphasizes the significance
of small distance of sampling sites, within the range between 2—10 cm.

The present profile (third Green salt layer) is of high importance and gives the
results which may be compared with the same layer shown in the detailed bromine
profile (Figs 11 and 12). In addition, the newly adopted method for Br and Cl
determinations is a cheap, accurate and practical one, providing the adventage
of carrying out the required determinations for considerable amount of samples
in relatively short time.
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GEOCHEMICZNA CHARAKTERYSTYKA OGNIWA EWAPORATOW
Z BOCHNI ORAZ NOWE ASPEKTY
OKRESLENIA STOSUNKU Br DO Cl

Streszczenie

Ogniwo ewaporatow z Bochn
chemlcznych, Jest zespotem wars
pieciu cykloteméw reprezentujacy

i odpowi_a(%ajace trzeciemu cyklotemowi osadow
tw o najwiekszej miazszosci posrod wszystkich
ch badenskie ewaporaty miocenu w potudniowe;j
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Polsce. Osady trzeciego cyklotemu mozna podzieli¢ na 2 podcykle, 4 i B, powstate
w odmiennych warunkach sedymentacji. ;

Studium geochemiczne opisywanych osadéw zostato przeprowadzone na pod-
stawie licznych prébek pobranych w sposob systematyczny w wyrobiskach pod-
ziemnych kopalni soli w Wieliczce i Bochni. Badaniami chemicznymi objeto 58
probek, w ktorych oznaczono zawartosci (w % wag.) : Cl, SO, i czgéci nierozpusz-
czalne. Ponadto spektrofotometrycznie 0znaczono zawartosci (w % wag.): Na, K,
Mg, Fe, Zn, Cu, Mn, Pb, Ni, Co, Sr, Cd, a spektrochemicznie B/bor.

Przeprowadzono takze oznaczenia bromu, ktorych wigkszos¢ zostata wykonana
metoda kolorymetryczna, ale dla wybranego i szczegolowo oprébowanego odcinka
trzeciego poktadu soli zielonej (probki pobierane w odstepach 2—10 cm) zastoso-
wano ilosciowe oznaczenia mikrosonda elektronowa. Wyniki badan przedstawiono
na tablicach 1—7 i figurach 3—12. .

Diagramy petrochemiczne wykreslone dla analizowanych probek wykazuja
istnienie 2 wyraznych typow sedymentacji. Pierwsza faza sedymentacji moze od-
powiada¢ osadzeniu si¢ zielonych soli poktadowych, a w drugiej fazie powstaty:
s6l szybikowa i sole spizowe dolne. g

Zestawione graficznie zawartosci K, Mg i Ca, jak i wartosci wspéiczynmkpvy
Mg:Cl i K:CI (fig. 7—10) wskazuja, ze w stropowej czgsci ogniwa panowaly juz
warunki bliskie tworzeniu si¢ soli potasowo-magnezowych. Zjawisko to zn:g._]dme
réwniez potwierdzenie w przedstawionych profilach bromowych (fig. 11 i 12).

Nowa zastosowana metoda okreslania zawartosci Br pozwala na pobranie
licznych probek w odstepach od 2 do 10 cm, a tym samym na zbadanie szczegoto-
wych zmian zawartosci bromu w profilu pionowym warstwy soli.

OBJASNIENIA FIGUR

Fig. 1. Mapa wystgpowania badenskich ewaporatow na obszarze zapadliska przedkarpackiego w

Polsce T
1 — wychodnie utwordw starszych od miocenu, 2 — pole facji weglanowo-litoralnej, 3 — pole facji siar-
czanowej, 4 — pole facji chlorkowej, 5 — zloza soli w jednostce sfaldowanej i nasunigtej, 6 — obszary bez

ewaporatow. 7 — brzeg nasuniccia Karpat fliszowych

Fig. 2. Podzial stratygraficzny ogniwa ewaporatow z Bochni / ; L
Fié. 3. Diagram petrochemiczny, poziom yI, 320 m na SE od szybu Kinga, kopalnia W;el;czka
Fig. 4. Diagram petrochemiczny, poziom VIII, 1100 m na E od szybu'nga, kopalma Wieliczka
Fig. 5. Diagram petrochemiczny, poziom V, chodnik Pachman, kopalnia Bochma :
Fig. 6. Diagram petrochemiczny, poziom IX, chodnik prostopadly do chodnika Grubenthal, kopalnia
Bochnia y ;
Fig. 7. Zawartos¢ K, Mg, Ca, w wyrobiskach poziom VI, 320 m na SE od szybu Kinga, kopalnia
Wieliczka ; :
i §¢ i i i hal, kopalnia Bochnia
Fig. 8. Zawartos¢ K, Mg, Ca, w wyrobiskach poziom IX, chodnik Grubenthal, ‘ .
Figg. 9. Stosunki K:Cl i Mg:Cl w wyrobiskach poziom VI, 320 m na SE od szybu Kinga, kopalnia

Wieliczka i .
Fig. 10. Stosunki K:Cl i Mg:Cl w wyrobiskach poziom IX, ¢
Grubenthal, kopalnia Bochnia ;
Fig. 11. Profil bromowy ogniwa ewaporatow z chhm
Fig. 12. Stosunek Br:Cl w trzecim pokladzie soli zielo

hodnik prostopadly do chodnika

nej, poziom VI, kopalnia Wieliczka



Anexcandep FAPITULIKU, Awpad M.A. BATIN

XMUMUNYECKAA XAPAKTEPUCTUKA EBANMOPUTOB BOXHA
M HOBbIE ACMEKTbl OMPEAENEHNA OTHOWEHWNA BPOMA
K XJTOPY

Pesome

OsanopuTosbie obpasoBaHus BoxHM, IKBUBANEHTHbIE TpeTbel UMUKNOTEME
XUMUYECKUX OTIIOXEHWI, NPeACTaBNAIOT CBUTY croes, obnaaaroLuyro caMoi Kpyn-
HOM MOLUHOCTbIO CpeaM BCeX NATU uMKnoTeM HGaaeHCKMX 3BANOPUTOB B MUOLEHE
FOxHow lMonbwu. OTnoxeHus TpeTbeil UMKIOTEMblI NOAPA3AENAOTCA Ha ABa
noauukna A u B, oTnuuarowMecs paHbIMU YCNOBUAMU WX OCAAKOHAKOMMEHUS.

leoxumuyeckoe uccnepoBaHue pacCMaTpUBaeMbiX OTNIOKEHUH NPOBOAMNOCH
Ha BGonbwom yYucne obpasuos, BIATLIX B UTOre CUCTEMATUYECKOro onpoboBaHusA
noasemMHbIx BbipaboTok conaHoi konu B BoxHe u Benuuke. B 58 obpasyax npo-
BEAGHbI XMMUYECKNe aHanu3bl Ha copepxanue (8 Y, eec.) Cl, SO, n HepacTsopu-
Moro octatka. Kpome Toro, cnekTpodoToMeTpuuecku onpesensinuchk coaepxa-
Hus (8 9, sec.) Na, K, Mg, Fe, Zn, Cu, Mn, Pb, Ni, Co, Sr, Cd u cnekTpoxumu-
4ecku copepxanue 6opa.

Onpegeneno Takxe copepxanue 6poma, B 6onblINHCTBE KONOPUMETPUYECKUM
METOAOM, a B OTHOLWEHWM MIBPaHHOro W AeTanbHO onpoboBaHHOrO MHTepeana
TpeTbero nnacta seneHoit conu (onpobosanue yepes 2—10 cm) 6bIno NpUMeEHEHO
KONW4ecTeeHHOe onpeaeneHne 3NeKTPOHHbIM MUKPO3OHAOM. [aHHble aHanu3os
npueeaeHbl B Tabnuuax 1—7 u Ha dpurypax 3—12.

CocTaenenHbie NeTpoXUMUYECKUE AMArpaMMbl UCCNEAOBAHHBIX obpa3yos no-
Ka3bIBAIOT Hanu4ne ABYX pa3HbIX TUNOB ceaumeHTauuu. Mepsas ¢asa cegumenTa-
UMM xapakTepuioBanace obpaoBaHMeM 3eneHbIX NNAacToOBbIX conei, BTOpas xe
HakonneHueM WHOUKOBON CONMM M HUXKHUX CNU3OBLIX CONEN.

s rpadmyeckoro usobpaxenns coaepxanuii K, Mg u Ca, a Takxe nokasateneii
Mg:Cl u K:Cl (®ur. 7—10) BuaHo, 4to & KPOBENbHOM MHTEpBaNne AaHHOW CBUTbI
TOCMNOACTBOBANM yXe yCNoBUA, BnaronpuaTCTBYyoLWNe 06 pa3oBaHNIO Kanuii-MarHue-
BbIX Conei. 3To ABNEHME NOATBEPXKAAETCA TaKKe U Ha NpuBeAeHHbIX 6pPOMOBLIX
npodpunax (pur. 11 u 12).

MpuMeHeHHbIH HOBLIN cnocob OnpeaenexHns copepxaHus Gpoma nossonseT
NPOBOAUT 4YacToe onpobosaHue B MHTepsanax oT 2 ao 10 cM u

AETANbHO uccneposaTe konebawus B pacnpeseneqHun 6
paspese conew.

, Takum obpasom,
pPOMa B BEpPTUKANbHOM

OBBACHEHUA K dUr'YPAM

®ur. 1. Kapra pacnpocTpaHenus 6ageHckux 3san

oputos Mpeakapnartckoro nporuba Ha Tepputopum
MNonbwu

1 — BbIXOAB!I NOPOA AOMMOUEHOBOro BO3pacTa,
cynbdaTHoU dauum,
uax. 6 — obnactu

2 — none KapBOHATHO-NUTOPANbHOM daumu, 3 — none
4 — none xnopuaHoim baumn, 5 — conanbie 3anexu B cMATON M HAABUHYTOW eAMHM-

NUWeHHbIe 38anopuTos, 7 — Kkpait Hagsura bnuwesbix Kapnar
®ur. 2. Crpaturpapuueckoe pacunenexve 38anopuTOBON CBUTHLI BOXHMU
®ur. 3. MeTpoxumuueckan Anarpamma, ropusoHT VI, 320 m k FOB oT waxTel Kunra, conaHas Konb
Benuuka
Dur. 4, glee‘;rsox:nmecxan Avarpamma, ropusoHT VIIl, 1100 m k B oT waxTs Kunra, consnan konb
YK

®ur. 5. MNeTpoxumuueckasn AuMarpamma, ropusoHT V. wrpek MaxmaH, conaHas Kons BoxHa
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Ddur.
dur.

15
12;

. MeTpoxuMu4eckan auarpamma, ropusoHT IX, wrpek nepneHAnKynapHelit K wrpeky Ipybeu-

Tanb, CONAHAA Konb BoxHAa

. Copepxanue K, Mg, Ca 8 sbipaboTkax ropusonta Vi, 320 M 8 FOB oT waxTel Kuxra, conaHas

konb Benuuyka

. Copepxanue K, Mg, Ca B ebipaboTkax ropuionTa IX, wrpek [py6enTans, consHas Konb

BoxHa

_ OtHowenus K:Cl: u Mg:Cl 8 sbipaboTkax ropusonTta VI, 320 M x FOB oT waxTsi Kunra,

consHaa konb Benuuka

OtHowenns K:Cl u Mg:Cl 8 BbipaboTkax ropusonTa IX, wrpek nepneHAUKyNnApHbIA K LWTpeKy

[py6eHTans, conaHas konbk BoxHs .
BpoMoBbIA Npodunb 38aNOPUTOBOrO MHTEpPBANa mecTopoxaeHus BboxHsa B
OrHowenune Br:Cl B TpeTbeM nnacte 3enenow conu, ropusoHT VI, consnaa kone



