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The dolomites al tered to do lo mite-illitic rocks were found ac com pa ny ing marcasite-py rite-he ma tite min er al iza tion within the
Mid dle De vo nian car bon ate rocks in the east ern part of the Holy Cross Mts. (Po land) in the fault zones and their close vi cin -
ity. The al ter ation con sist of do lo mite recrystallization and re place ment by illite, ac com pa nied by small amounts of sil ica,
K-feld spars and dis sem i nated py rite or he ma tite. The fi nal prod uct of do lo mite re place ment by illite are mas sive, do lo -
mite-illitic rocks un evenly dis trib uted within the un al tered dolomites or in fault brec cia. They form ir reg u lar met ric-sized
nest-like bod ies most of ten with blurred bound aries, or in some places sharp de lin eated veins and lenses. Illite crystallinity,
dem on strates its hy dro ther mal or i gin. Al tered rocks are char ac ter ized by el e vated con tents of REE, Rb, and some times
other trace metal (Zr, Ti, Zn, U, Th, Ba and al.), com pared to un al tered dolomites. The en rich ment in REE, Zr and Ti im plies
their mo bil ity in hy dro ther mal so lu tions. The lam pro phyre in tru sions pres ent in the close vi cin ity may be con sid ered as the
prob a ble source of po tas sium rich hy dro ther mal flu ids. The pe cu liar fea tures of do lo mite-illitic rocks such as: their com po si -
tion and oc cur rence close to the sul phide and he ma tite min er al iza tion, al low sup pos ing, that they may be a guide to deeply
seated un known ore de pos its.
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INTRODUCTION

In the Holy Cross Mts. a pe cu liar re place ment of Mid dle De -
vo nian dolomites by illite was no ticed. It have led to the for ma -
tion of ir reg u lar bod ies of do lo mite-illitic rocks. Their wide spread 
ap pear ance, within tec toni cally dis turbed dolomites close to
marcasite-py rite-he ma tite min er al iza tion, the ir reg u lar mode of
oc cur rence, min eral com po si tion, petrographic fea tures and
trace el e ment con tent may be re lated to the spe cific hy dro ther -
mal rock al ter ation, and may be con sid ered as a pos si ble guide
to the hid den hy dro ther mal ore de pos its. Be low we pres ent the
pre lim i nary study of these un com mon do lo mite-illitic rocks.

Hy dro ther mal ar gil la ceous rock al ter ation is a well-rec og -
nized phe nom e non ac com pa ny ing ore de pos its within ig ne ous
and meta mor phic alumosilicate rocks. It is sel dom re ported in
car bon ate rocks. Lovering and Shepard (1960) ob served and
stud ied this type of al ter ation in the Tintic (Utah, US) ore de -

posit, where do lo mite, near the con tact with argilized quartz rhy -
o lite (latite), was re placed partly by flu o rite ac com pa nied by
kaolinite and dia spore and at some dis tance by smectite-illite. 
Clay min er als ap pear ing within the au re ole of the ore de pos its
lo cated in car bon ate rocks are con sid ered as a re sid ual prod -
ucts of car bon ate re moval, e.g. by hy dro ther mal karstification. 
Their trans for ma tions to the well-or dered va ri et ies (Heyl et al.,
1964) or reprecipitation (Mattoussi Kort et al., 2008) are re -
ported. Clay min er als that may be the di rect hy dro ther mal prod -
uct are rarely no ticed. Hosterman et al. (1964) sug gested a hy -
dro ther mal for ma tion of illite in the au re ole of the Mis sis sippi
Val ley zinc–lead de pos its. In the Kraków-Silesian zinc-lead
MV-type de posit, small quan ti ties of al lo phane were found (B¹k
and Nieæ, 1979). Haloysite, ce ment ing marcasite brec cia (Nieæ, 
1968) and chlorite ac com pa ny ing do lo mite and sid er ite veins
were ob served (Lögters, 1944; Nieæ, 1968) at the iron sul phide
de posit at Rudki (Holy Cross Mts., Po land). The re place ment of 
dolomites by clays in this de posit was also sup posed but not
suf fi ciently doc u mented (Jaskólski et al., 1953). Dickite as so ci -
ated with Fe, Zn, Pb sulphides and vein car bon ates was ob -
served (Chlebowski and Rubinowski, 1970) within the frac tured
Mid dle De vo nian dolomites at the Holy Cross Mts. near the
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Migaszewski (1990, 1991) was the first who ob served the
oc cur rence of ir reg u lar or lenslike bod ies of clay ac cu mu la tion
within the De vo nian dolomites in the west ern Holy Cross Mts.
and sug gested their hy dro ther mal or i gin. He also no ticed the
oc cur rence of do lo mite-clayey rocks and named them “hy brid
dolomites” (Migaszewski, 1990). They are grey-green ish or
red dish rocks, fine to coarse grained with dis sem i nated fine py -
rite. They are com posed of euhedral do lo mite rhom bo he dra
sur rounded by clay min er als. Based on the ox y gen iso tope
study, he has dem on strated hy dro ther mal or i gin of such rocks
(Migaszewski, 1990), and sup posed their for ma tion due to the
synsedimentary smockers ac tiv ity. The na ture of clay min er als
was not de fined.

In the south east ern part of the Holy Cross Moun tains sim i lar 
rocks, com posed of do lo mite and illite as the main con stit u ents,
have been found (Nieæ and Pawlikowski, 2015) in three dis tant
ac tive quar ries, lo cated in Wszachów, Piskrzyñ and Budy
(Fig. 1). They ac com pany iron sul phide-he ma tite min er al iza -
tion. The mode of their oc cur rence sug gests that they are the
prod uct of recrystallization of do lo mite and re place ment by illite. 
Due to the ad vance ment of quarry op er a tions for do lo mite, the
re place ment of do lo mite by illite was found wide spread. De -
tailed ob ser va tion of the mode of oc cur rence of do lo mite-illitic
rocks, and their pet ro graph i cal and geo chem i cal study, pre -
sented be low, al low dis cuss their pos si ble or i gin. The pe cu liar
petrographic fea tures and min eral com po si tion of the do lo -
mite-illitic rocks and their wide spread oc cur rence al low us also
to pro pose colling them “dolillites” in stead of pre vi ous “hy brid

do lo mite” ap plied by Migaszewski (1990). Such rocks ob served 
in var i ous dis tant sites in the Mid dle De vo nian dolomites, but al -
ways within and close to the sul phide-he ma tite an ker ite min er -
al ized fault zones, merit at ten tion as a pe cu liar ac com pa ny ing
ore wall-rock al ter ation, and a pos si ble guide to the hid den ore
de pos its.

STUDY MATERIAL AND METHODS

The oc cur rence of do lo mite-illitic rocks was ob served fol -
low ing quar ry ing ad vance ment dur ing the past sev eral years in
Wszachów, Piskrzyñ and Budy (Fig. 1) and al lowed sam pling
for petrographic and geo chem i cal in ves ti ga tions. The ba sic
stan dard petrographic and ore mi cros copy study, X-ray
diffractometric and chem i cal analyeis were per formed.

The DRON 2.5 diffractometre with mono chro matic CuKa
ra di a tion was ap plied in the diffractometric study. The min eral
com po si tion was de ter mined with the use of XRYAN pro gram.

De ter mi na tion of min ute min eral in clu sions was car ried out
us ing a FEI QUANTA 200 FEG scan ning elec tron mi cro scope.

The chem i cal anal y sis were per formed in the Acme Labs
Lab o ra tory (Ta bles 1–3). About 1 kg sam ples were crushed to
2 mm-size grains and, af ter ho mog e ni za tion; 250 g were pul -
ver ized up to 75 µm grain. For the an a lyt i cal pro ce dure, 0.5 g
was de com posed by lith ium bo rate fu sion and aqua regia and
then ana lysed by ICP-ES/MS fol low ing the LF 200 and A 200
Acme Labs stan dard pro ce dures.
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Fig. 1. Lo ca tion of reg is tered places of oc cur rence of do lo mite-illitic rocks in the Holy Cross Mts. 
(geo log i cal map af ter Konon, 2006)
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Sam ples**

1 2 3 4 5 6 7 8 9 10 11 12 13

SiO2

%

1.59 3.39 17.47 4.21 4.56 6.88 7.19 11.57 20.16 31.17 10.78   1.55 11.01

Al2O3 0.25 0.88   4.43 0.48 0.64 1.34 2.58   3.23   5.82 10.56   3.28   0.71  4.98

Fe2O3* 0.15 0.43   2.27 0.37 0.41 0.52 1.19   1.27   2.42   2.92   1.32 20.79 45.64

MgO 0.72 0.96 15.35 19.85  19.59  19.15  18.4    16.03 13.42 10.56 15.71 14.78 3.2

CaO 53.52  52.37  22.23 28.58  28.43  27.33  26.59  25.9  21.59 15.02 26.05 22.92   3.79

Na2O 0.01 0.04   0.05 0.03 0.03 0.04 0.04   0.04   0.05   0.08   0.04   0.02   0.04

K2O 0.07 0.39   1.61 0.13 0.17 0.37 0.73   1.14   1.99   3.78   1.17   0.14   1.39

TiO2 0.01 0.04   0.21 0.02 0.03 0.07 0.13   0.15 0.3   0.44   0.13   0.03   0.26

P2O5 <0.01  <0.01    0.05 <0.01  <0.01  0.01 0.02   0.05 <0.01   0.12 <0.01 <0.01 <0.01

MnO <0.01  0.01   0.08 0.04 0.04 0.02 0.07   0.02   0.03   0.02   0.02   0.09   0.05

Cr2O3 <0.002 <0.002     0.004 <0.002 <0.002   0.002   0.003     0.003     0.006     0.009     0.004   <0.002     0.013

S <0.02  0.36   0.03 <0.02  <0.02  0.1  0.26 <0.02 <0.02   0.03   0.03   0.07 35.54

Sc

ppm

<1  <1    4  <1      <1       1    2    3    6     10        3     <1 5      

Ba 9 23    83    11      11      28      47      47      79       188         52       43       89        

Co <0.2 2.3 3.2 0.8  0.9  7.4  1.8  2.3  2.3  6.1  2.6  5.6  151.3      

Cs   0.1 0.7 2.9 0.2  0.4  0.5  1.1  2.6  4.9  7.7  2.6  0.6  3.9  

Ga <0.5 <0.5  5.0 <0.5    0.5  1.8  2.7  5.2  7.3  13.9    4.3  0.7  5.4  

Hf <0.1 0.2 1.3 0.1  0.3  0.4  0.6  0.7  2    1.7  0.5  <0.1    1.6  

Nb   0.2 0.5 3.5 0.3  0.5  1.2  2.6  3     5.4  8.3  2.5  0.3  4.6   

Rb   2.5 10.5  54.5  3.6  5     10.5    20.7    44.4    80.5    140.5      47.5    4.4  50.7    

Sr 215.7 334.7 99.5  78.7    77.3    93.1    88.4    119.1      114.8      106.5      128        58        25.9    

Th 0.2 0.6 3.4 0.3  0.5  0.9  1.9  2.1  4.7  6.3  2    0.3  3.9  

U 0.7 5.8 2.1 0.9  0.7  2.1  2.9  1.8  1.6  2.9  0.8  5.3  5.2  

V <8      22    32    <8       8     17      21      26      43       87      22      45       232         

Zr 3.3 6.8 51.8  5.1  8.2  17.9    33.3    19.8    65.4    62.7    17.6    5.6  53.9    
Mo 0.1 2.4 0.3 0.1  0.1  5.2  0.2  0.1  0.1  <0.1  <0.1    3.5  57.9    

Cu 0.7 8.7 2.1 0.6  0.7  4.4  1.5  3.5  1.4  4.5  1.2  1.3  381.8      

Pb 0.4 16.3  5.9 0.6  0.9  4.8  2.2  2.6  3.7  21.6    16.6    10.4    220.2      

Zn 3   69   47    7    10      4     15      10      11       27      7    649        159         

Ni 1.3   8.1 13.2  2.6  2.7  4.5  6.5  5.1  12.5    30.7    7.5  27      144.6      

As <0.5  13.1 10.6  0.8  <0.5    7    4.3  4.8  5.6  6.6  1.3  106.2      195.4      

Se <0.5  <0.5 <0.5  <0.5    <0.5    <0.5    <0.5    <0.5    0.7  7.7  5.2  <0.5    8.4  

Y 1.2   2.7 8.8 2.5  2.9  4.5  4.7  5.3  7.5  14.2    6.2  2.6  3.6  

La 1.5   3.4 14.0  2.5  2.6  5.4  6.3  8.2  12.5    19.8    8.5  2.6  9.6  

Ce 1.8   7.2 29.1  5.2  5.9  10.9    13.2    17.1    23.5    43       16.7    6.2  14.3    

Pr   0.22     0.80   3.23 0.64 0.69 1.18 1.47 1.94 2.75 5.08 1.79 0.66 1.53

Nd 0.9   3.1 11.2  2.4  3    4.7  5.8  6.9  9.9  19.9    6.6  2.7  5.2  

Sm   0.12     0.55 2.16 0.57 0.55 0.81 1.09 1.37 1.82 3.84 1.42 0.52 0.86

Eu   0.04     0.12 0.43 0.11 0.12 0.19 0.2  0.3  0.43 0.77 0.27 0.12 0.14

Gd   0.21     0.52 1.89 0.56 0.63 1.14 1.09 1.29 1.89 3.48 1.39 0.57 0.59

Tb   0.04     0.08 0.30 0.08 0.09 0.16 0.15 0.2  0.25 0.5  0.2  0.08 0.11

Dy   0.15     0.46 1.77 0.47 0.37 0.82 0.85 1.13 1.51 2.62 1.04 0.34 0.71

Ho   0.03     0.09 0.37 0.1  0.1  0.19 0.2  0.23 0.26 0.57 0.23 0.09 0.15

Er   0.05     0.27 0.97 0.24 0.3  0.56 0.52 0.56 0.85 1.61 0.65 0.29 0.4  

Tm <0.01     0.04 0.14 0.03 0.04 0.07 0.1  0.09 0.13 0.23 0.09 0.04 0.07

Yb   0.07     0.23 0.87 0.23 0.3  0.44 0.61 0.6  0.92 1.55 0.59 0.11 0.58

Lu <0.01     0.03 0.14 0.03 0.04 0.07 0.07 0.08 0.14 0.22 0.1  0.02 0.09

* as to tal Fe; ** sam ples: 1, 2 – lime stones, 3 – do lo mite brecciated in the fault zone, 4–6 – do lo mite, 7 – do lo mite av er age from bore hole, 8–10 – dolillite, 11 –
dolillite in the fault zone, 12 – do lo mite re placed by he ma tite, 13 – do lo mite re placed by marcasite

T a  b l e  1

Chem i cal anal y sis of sam ples from Budy Quarry
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Sam ples**

1 2 3 4 5 6 7 8 9 10 11

SiO2

%

1.75 6.48 12.43   9.56 12.31 10.04 n.d. n.d. n.d.   1.03   2.69

SiO2 0.25   1.89   4.12   2.62   3.33 2.88   0.11   0.09   0.08   0.22   0.88

Al2O3 0.12   0.88   1.39   1.00   1.32 0.96   1.06   1.99   1.06   1.49 18.26

Fe2O3* 20.29 18.96 15.64 16.28 15.46 17.96   9.51   9.55 10.40 19.16 14.08

MgO 30.37 27.74 24.70 26.59 25.08 26.83 26.50 27.53 25.91 31.10 22.86

CaO   0.03   0.04   0.04   0.04   0.04 0.07   0.01   0.01   0.02   0.03   0.03

Na2O   0.08   0.78   1.53   0.95   1.25 0.54   0.02   0.01   0.02   0.06   0.28

K2O   0.01   0.09   0.20   0.11   0.16 0.14   <0.002   0.00   0.00   0.01   0.04

TiO2   0.01   0.02   0.11   0.04   0.03 0.04 n.d. n.d. n.d.   0.01   0.01

P2O5   0.03   0.05   0.02   0.12   0.09 0.10   0.26   0.21   0.25   0.34   0.08

MnO   <0.002     0.003     0.003     0.002   0.00 <0.001       0.0004   0.00       0.0001   0.00   0.00

Cr2O3   0.03   0.40   0.61   0.08   0.04 0.10 <0.05 <0.05   0.11   0.04 14.10

Sc

ppm

<1       2     4     2     3     1      1     0     1 1      

Ba 7     33       67      39       64       47      10       15       7     13        16       

Co 0.4  2.7  3.7  1.4  1.4  4     1.1  1.6  6.3  1.7  6.9  

Cs 0.3  1.4  3.3  2.6  3.9  1.9  <0.1    <0.1    <0.1    0.2  1.0  

Ga <0.5     1.5  5.4  3.5  3.5  3.4  <0.5    <0.5    <0.5    0.1  3.2  

Hf 0.1  0.4  0.9  0.4  0.6  0.5  0.2  0.1  <0.1    0.1  0.2  

Nb 0.3  1.3  4.6  1.8  2.7  2.5  0.6  0.3  0.3  0.2  1.3  

Rb 2.4  26.1    56.3    35.5    42.4    36.5    1.7  1.4  1.4  2.1  9.1  

Sr 98.9    82.0    113.3      102.9      98.4    82.3    61.6    63.9    72.4    98.2    91.2    

Th 0.2  1.4  3.2  1.5  2.1  2.2  0.5  0.4  0.3  0.2  0.6  

U 0.7  3.4  3.2  1.6  2.2  1.6  0.3  0.3  0.5  0.3  0.6  

V <8       13       22       26       30      19       n.d. n.d. n.d. 8     14       

Zr 4.1  13.6    33.6    13.9    23.3    18.6    5.1  4.4  2.8  3.0  6.3  

Mo 0.4  0.6  0.3  n.d. n.d. n.d. 0.4  0.7  0.1  n.d. n.d.

Cu 0.9  5.2  5.1  0.9  1.1  n.d. 7.3  8.3  5.6  6.5  25.4    

Pb 0.9  28.4    7.4  1.2  2.1  n.d. 1.9  1.9  1.1  2.2  382.2      

Zn 7     33       38       36       11      n.d. 833         834         206         237         215         

Ni 2.5  7.6  10.3    4.0  3.6  n.d. 8.8  9.6  2.9  4.8  21.7    

As <0.5    6.0  2.9  0.7  1.3  n.d. 4.1  3.9  2.1  2.2  12.5    

Y 1.0  3.1  10.5    4.1  5.5  5.2  4.4  4.1  1.9  1.9  3.9  

La 1.0  4.7  14.6    6.4  8.3  6.9  2.5  2.5  1.5  1.6  4.5  

Ce 1.6  7.9  31.4    11.1 14.1    13.5    4.2  4.7  2.6  2.5  8.5  

Pr 0.21 0.95 3.72 1.31 1.57 1.57 0.59 0.64 0.34 0.33 1.08

Nd 0.6  3.5  15.3    4.2  5.8  6     2.5  2.6  1.4  1.2  3.6 

Sm 0.14 0.66 2.64 0.77 1.04 1.17 0.5  0.51 0.24 0.30 1.02

Eu 0.04 0.13 0.62 0.14 0.31 0.26 0.11 0.1  0.06 0.05 0.30

Gd 0.19 0.56 2.54 0.79 0.94 1.05 0.52 0.58 0.24 0.42 1.46

Tb 0.02 0.09 0.39 0.12 0.14 0.15 0.09 0.09 0.04 0.05 0.13

Dy 0.10 0.57 2.27 0.61 0.80 0.86 0.59 0.53 0.28 0.12 0.66

Ho <0.02  0.11 0.40 0.14 0.24 0.19 0.11 0.1  0.05 0.06 0.12

Er 0.09 0.28 1.15 0.50 0.51 0.62 0.31 0.31 0.16 0.14 0.35

Tm <0.01  0.05 0.16 0.06 0.08 0.08 0.03 0.04 0.02 0.02 0.07

Yb 0.10 0.31 1.03 0.42 0.49 0.46 0.24 0.25 0.1  0.10 0.33

Lu <0.01  0.04 0.16 0.04 0.09 0.07 0.03 0.03 0.02 0.02 0.06

* as to tal Fe; ** sam ples: 1 – do lo mite, 2–6 – dolillite, 7,8 – do lo mite with li mo nite veinlets,  9,10 – do lo mite im preg nated by he ma tite, 11 – do lo -
mite re placed by marcasite; n.d. – not de ter mined

T a  b l e  2

Chem i cal anal y sis of sam ples from Piskrzyñ Quarry
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Sam ples**

1 2 3 4 5 6

SiO2

%

  0.26   2.86   6.87     9.9 19.1 44.06

SiO2   0.08   0.87   1.31     2.6     4.29 13.62

Al2O3   0.09   0.41   0.77   1.72     1.84   5.36

Fe2O3* 20.94 19.54 17.31 13.92 14.53   6.69

MgO 31.83 30.33 29.57 31.68 23.5   8.14

CaO   0.02   0.03   0.03   0.03   0.05   0.08

Na2O   0.02   0.25   0.42   0.87 1.4 4.5

K2O <0.01   0.04   0.07   0.13   0.19   0.59

TiO2 <0.01   0.02 <0.01 <0.01   0.01   0.19

P2O5   0.02   0.03   0.09   0.18   0.15   0.09

MnO  <0.002   <0.002   <0.002     0.003     0.004     0.012

Cr2O3 <0.02   0.03 <0.05   0.04   0.24 0.4

Ba

ppm

6     24      43       81       59       200         

Sc <1       1     1     3     4     13       

Co <0.2    1.4  0.8  2.6  1.2  7.3  

Cs <0.1    0.3  0.7  2.1  4.3  13.2    

Ga <0.5    <0.5    1.1  2.9  5.3  18.2    

Hf 0.1  0.3  0.3  0.8  0.9  2.5  

Nb 0.2  0.9  1.3  2.6  4.6  12.3    

Rb 0.7  9     13.7    32.9    58.7    175.3      

Sr 82.6    108.8      125.4      106.8      103.4      67.9    

Th <0.2    0.7  1.1  2.1  3.1  8.9  

U 1.1  1.2  1.1  0.8  2.5  7.5  

V <8      11       16       28       31       95      

Zr 4.4  9.9  11.8    29.4    41.6    90.8    

Mo 0.2  0.5  <0.1    0.8  0.1  0.1  

Cu 0.3  2     1.50 10       1     2.9  

Pb 0.6  4.3  1.10 3.2  3     92.2    

Zn 7     17      20.00  45       22       17       

Ni 2.1  4     3.00 10.7    5.9  17.4    

As <0.5    2.1  1.30 6.5  0.6  0.6  

Se <0.5    <0.5    <0.5    <0.5    <0.5    27.6    

Y 1.1  3.5  3.0  6.2  3.9  12.1    

La 0.8  4     3.8  7.8  8.1  24.3    

Ce 1.1  6.5  7.5  14       12.6 44.8    

Pr 0.13 0.79 0.87 1.6  1.39 5.11

Nd 0.6  2.9  3.3  5.7  4.7  18.5    

Sm 0.12 0.58 0.61 1.14 0.84 3.4  

Eu 0.02 0.12 0.12 0.22 0.16 0.66

Gd 0.14 0.59 0.62 1.14 0.82 2.95

Tb 0.02 0.09 0.09 0.17 0.12 0.43

Dy 0.15 0.56 0.52 1.08 0.73 2.25

Ho 0.03 0.11 0.11 0.23 0.15 0.46

Er 0.08 0.31 0.29 0.62 0.5  1.32

Tm <0.01  0.04 0.04 0.08 0.08 0.19

Yb 0.08 0.3  0.25 0.56 0.46 1.33

Lu <0.01 0.04 0.03 0.08 0.07 0.2

* as to tal Fe; ** sam ples:  1 – do lo mite, Up per Givetian, 2 – do lo mite, Eifelian (av er age
crushed stone), 3 – weath ered dolillite, 4, 5 – dolillite, 6 – illite vein

T a  b l e  3

Chem i cal anal y sis of sam ples from Wszachów Quarry



  GEOLOGICAL SETTING 
OF DOLOMITE-ILLITIC ROCKS

The Holy Cross Moun tains are lo cated in cen tral Po land.
They are the inlier of folded Pa leo zoic rocks emerg ing from sur -
round ing Perm ian. Me so zoic and Ce no zoic de pos its (Fig. 1).
The old est Cam brian to Or do vi cian pre dom i nantly terrigenous
rocks are un con form ably cov ered by Lower De vo nian
siliciclastics (mostly quarzitic sand stones and shales) and Mid -
dle to Up per De vo nian and Lower Car bon if er ous car bon ates
(dolomites, lime stones and marls). The phe nom e non of the re -
place ment of do lo mite by illite was en coun tered in Mid dle and
Up per De vo nian dolomites in the south ern part of the Holy
Cross Mts. called the Kielce Unit (Fig. 1). De tailed stud ies were
car ried out in the Wszachów, Piskrzyñ and Budy quar ries, lo -
cated in the south east ern part of the Holy Cross Mts. (Fig. 1),
near the great N–S-ori ented transversal strike-slip faults dis -
sect ing the Pa leo zoic mas sif.

The Wszachów Quarry is sit u ated in the east ern part of the
Kielce–£agów synclinorium (north ern part of the Kielce Unit),
on the south ern limb of the £agów Syncline. It is lo cated within
the Eifeilan, finely bed ded, pre dom i nantly micritic dolomites,
and partly within the NE–SW-trending fault zone (Walczowski,
1968), which sep a rate them from fine crys tal line fossiliferous
Givetian dolomites, ap pear ing to the east of the fault. The fault
zone, about 10–20 m wide is filled by ir reg u lar ro tated blocks of
brecciated dolomites and do lo mite-illitic rocks, partly ankeritic
and dedolomitized due to weath er ing near the ground sur face.
The do lo mite-illitic rocks are finely to me dium-crys tal line, with
green illite ag gre gates up to a few mm in size, of ir reg u lar shape 
and dis tri bu tion (Fig. 2). Both do lo mite and ankeritic dolomites
are dis sected by nu mer ous var i ously ori ented veinlets of crys -
tal line do lo mite, anketrite, do lo mite-sil ica and illite-do lo mite.
Their thick ness var ies from few milli metres up to lo cally 20 mm.  
The ir reg u lar vein-shaped illite ac cu mu la tion ap pears be tween
the blocks of do lo mite illitic rocks. Within the ex posed weath -
ered fault brec cia some nests of boxwork li mo nite and he ma tite
sug gest the ex is tence of iron sulphides, which ap pears at
deeper lev els of the quarry.

The Piskrzyñ Quarry is also sit u ated in the east ern part of
the Kielce–£agów synclinorium, on the south ern limb of the
£agów Syncline close to the N–S-trending fault zone lo cated

east ward (Dowgia³³o, 1974; Antoniuk et al., 2005). It is sit u ated
within the Givetian finely to me dium-crys tal line dolomites, lo -
cally fossiliferous, with small coral bioherms. They are in ten -
sively folded and faulted in front of a NWW–SEE-trending flex -
ure. Lo cally marcasite-py rite and he ma tite min er al iza tion ap -
pears here in the frac tured and brecciated rocks, and li mo -
nite-stained rocks are pres ent near the sur face (Nieæ and
Pawlikowski, 2015).

The grey dolomites are ir reg u larly, spotty trans formed to
rose-green ish rock va ri et ies. The bed ding van ishes partly and
the conchoidal part ing of rock frag ments be comes char ac ter is -
tic. Illite re plac ing do lo mite is the main con stit u ent of such
rose-green ish rocks.

The Budy Quarry is sit u ated on the south ern slope of the
Klimontów anticlinorium formed by folded pre dom i nantly Cam -
brian rocks (Fig. 1), near the transversal N–S-trending fault
zone oc cur ring east ward (Romanek, 1977). It is lo cated within
the Givetian lime stones ir reg u larly trans formed to dolomites,
which pre dom i nate in the ac ces si ble part of the quarry.  The
dolomitization is epigenetic (Narkiewicz, 1991, 2009). Lime -
stones oc cur here within the dolomites as iso lated ir reg u lar met -
ric-sized relic bod ies. The en tire rock se ries is cut by
NWW–SEE and NNE–SSW faults, with the prom i nent
strike-slip com po nent, and by ac com pa ny ing smaller feather
faults. In the fault zones there are marcasite-py rite and he ma tite 
veinlets, ir reg u lar centimetric-sized ac cu mu la tions and im preg -
na tions. The most prom i nent is the NWW–SEE fault zone
oblique to the lon gi tu di nal quarry axis. It is about 10 m wide.
Within it, dolomites are in ten sively frac tured and brecciated.
The do lo mite brec cia is ce mented pre dom i nantly by illite, with
some dis persed he ma tite ad mix ture and an gu lar frag ments of
finely crushed do lo mite. Do lo mite-illitic rocks ap pear in the side -
walls of faults and close to the marcasite-py rite-he ma tite min er -
al iza tion sites. Li mo nite oc curs near the sur face as a prod uct of
ox i da tion of iron sulphides, that are pres ent be low at a depth of
about 40 m.

Dolomites which are trans formed to do lo mite illitic rocks in a
sim i lar way as in the Piskrzyñ, Budy and Wszachów quar ries
were for merly ob served by Migaszewski (1990) in the Wietrznia 
and Józefka quar ries in the west ern part of the Holy Cross Mts.
(Fig. 1), within the Up per De vo nian (Fransian) dolomitized lime -
stones. That in the Józefka Quarry is the most in ter est ing.
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Fig. 2. Ir reg u lar ag gre gates of illite (green spots) in do lo mite Wszachów Quarry



There, the dark grey micritic lime stones in the side wall of the
fault are com pletely re placed by coarse-crys tal line “saccharo -
Îdal”, creamy white, finely to me dium-crys tal line do lo mite and
green ish-red iron sul phide and he ma tite im preg nat ing do lo -
mite-illitic rocks. Such rocks were also re cently no ticed within
tec toni cally dis turbed rock se quences in other do lo mite quar -
ries be tween Wietrznia and Józefka.

DOLOMITE-ILLITIC ROCKS (DOLILLITES)

MODE OF OCCURRENCE AND PETROGRAPHIC FEATURES

Do lo mite-illitic rocks are dis tin guish able by their green ish or
green ish-rose col our or green ish ir reg u lar stain ing. They are
mas sive ho mo ge neous and fine-grained. The conchoidal

shape of the bro ken sur face is their pe cu liar fea ture. They ap -
pear ir reg u larly within the tec toni cally dis turbed dolomites
(Figs. 3 and 4), close to the faults or within the fault brec cia
(Figs. 5 and 6).  They form var i ously shaped nests, lens-like or
vein-shaped bod ies, with blurred, or less com monly sharp
bound aries sub or di nated to the bed ding planes or frac ture walls 
(Figs. 7–9). In some places illite with do lo mite or he ma tite ad -
mix ture form veins, ten to twenty milli metre thick, fill ing frac tures 
(Fig. 10). The mode of oc cur rence of do lo mite-illitic rocks is
clearly epigenetic to the host, un al tered, grey dolomites.

The tran si tion from do lo mite to do lo mite-illitic rock is most
of ten grad ual. It starts from microsparitic, partly recrystallized
grey do lo mite with dis persed neo-formed do lo mite rhom bo he -
dra or ir reg u lar sad dle do lo mite ag gre gates with illitic ma trix ap -
pear ing in the in ter sti tial space (Fig. 11). The in crease in illite 
con tent re sults in the for ma tion of ir reg u lar green ish milimetric
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Fig. 3. Ir reg u lar spot ted pres ence of do lo mite-illitic rocks
(green ish) at the NWW–SEE fault zone, Budy Quarry

dil – do lo mite-illitic rocks, dw – lime stones re placed by do lo mite

Fig. 4. Spot ted oc cur rence of do lo mite-illitic rocks (green ish)
within the folded and faulted Mid dle De vo nian dolomites,

Piskrzyñ Quarry, min ing level IV north

Fig. 5. Illitic do lo mite, Budy Quarry, min ing level II, north wall

A – do lo mite-illitic rock in lay ers (dil) and brec cia (br), B – he ma tite veinlets in do lo mite-illitic rock
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Fig. 6. Nestlike oc cur rence of do lo mite-illitic rocks (green) in
brecciated do lo mite, Piskrzyn Quarry, level II

Fig. 7. Illite vein in do lo mite, Budy Quarry, level V

Fig. 8. Ir reg u lar oc cur rence of  do lo mite- illitic rocks re plac ing dolomites, Piskrzyñ
Quarry,  min ing level III, the quarry wall is 10 m high

D – do lo mite rock, DIL – dolillite



to centimetric-sized spots dis persed within grey (or brown ish if
weath ered) host dolomites (Fig. 2). The fi nal stage of the pro -
cess of do lo mite re place ment by illite is the for ma tion of green -
ish-rose, pre dom i nantly illitic rocks with scat tered do lo mite
rhom bo he dra (Fig. 12). The green ish-rose col our in ten sity
more or less cor re sponds to the de gree of rock trans for ma tion.
Some sil ica ad mix ture, hardly vis i ble mi cro scop i cally, ac com -
pa nies the illite. The pre dom i nant sil ica re place ment of do lo mite 
is pres ent lo cally. The do lo mite-illitic rocks, as well as the sur -
round ing un al tered dolomites, con tain min ute iron sul phide or
he ma tite im preg na tion, and their dis persed ir reg u lar, mili -
metric- sized, shape less ag gre gates, streaks or dis con tin u ous
veinlets. In places iron sulphides or sid er ite form tiny par tial
coat ing on do lo mite grains. Iron sulphides pre dom i nates in the
green ish rock va ri et ies, whereas he ma tite oc cur rence is
marked by the rose colouration of rock. The X ray anal y sis re -
veal the clear pres ence of sil ica ad mix ture (Figs. 13 and 14).
The d hkl 3, 23-3, 24 � val ues prove the pres ence of trace
amounts of K-feld spar.

The do lo mite rhom bo he dra that oc curs within illitic rock ma -
trix of ten show com plex struc ture. Their cen tral parts are
micritic with min ute iron sul phide im preg na tion, sur rounded by
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Fig. 9. Do lo mite-illite veins in the non-trans formed do lo mite (A), Piskrzyñ Quarry, level IV, east ern wall; 
B – do lo mite lay ers (1, 2, 5, 6), do lo mite-illitic rock (3, 4)

Fig. 10.  Illite-he ma tite vein fillling, Budy Quarry, level V

Fig. 11.  Microstructure of do lo mite-illitic rock (dolillite),
trans mit ted cross-po lar ized light

Fig. 12.  Microstructure of do lo mite-illitic rock (dolillite),
trans mit ted cross-po lar ized light

 D – do lo mite, IL – illite



monocrystalline do lo mite coat ings (Fig. 12). Some do lo mite
crys tals are cor roded by illite (Fig.15).

Within the mas sive vein-like ac cu mu la tions, illite is ac com -
pa nied by dis sem i nated, X-ray de tect able sil ica, and con tain
dis sem i nated iron sul phide, as well scat tered do lo mite grains.
Some of them re veals a sferolitic struc ture or has a sid er ite
coat ing (Fig. 16). Within the illite ag gre gates, dis sem i nated
micrometric-sized euhedral py rite crys tals are pres ent, as ev i -
denced from SEM-RDS data (Figs. 17–19).

Illite re plac ing do lo mite is well crys tal lized, 2M1 type. Kübler 
crystallinity in dex close to 0.70 D2q, and lack of de tect able
smectite sug gests that it crys tal lized at the tem per a ture rang ing 
from about 150°C may be up to 250°C (Yates and Rosenberg,
1998; Junfeng and Brown, 2000). It is mac ro scop i cally char ac -
ter ized by a green col our of var ied in ten sity and lo cally with a
blu ish tint, most prob a bly due to the pres ence of chro mium in

the crys tal lat tice, as ev i denced by the Cr2O3 con tent cor re lated
with K2O (Fig. 20).

The pre sented mode of oc cur rence, and petrographic fea -
tures of do lo mite-illitic rocks dem on strate, their hy dro ther mal
or i gin through recrystallization of do lo mite host rock and re -
place ment by illite. The un al tered dolomites as well as lo cally
do lo mite-illitic rocks are cut by car bon ate veins, whose coarsely 
crys tal line sad dle do lo mite is the most prom i nent com po nent.

GEOCHEMICAL FEATURES

Do lo mite-illitic rocks are ob vi ously en riched in Si, Al and K,
as well Fe and S due to the dis persed iron sulphides. The el e -
vated Rb con tent, up to 100 ppm, 10 times greater than in un al -
tered do lo mite, fol low ing the in creased K2O con tent (Fig. 21) is
ex plained by po tas sium sub sti tu tion by Rb. Their re la tion ship
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Fig. 13. X-ray pat terns of do lo mite-illitic rock from the Budy Quarry

d – do lo mite, i – illite

Fig. 14. X-ray pat terns of do lo mite-illitic rock from Piskrzyñ Quarry

q – quartz, other explanations as in Figure 13
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Fig. 15A – illite vein with sulphides in  do lo mite re placed by illite; B – illite ag gre gate with sulphides in dolillite; C, D – cor roded
do lo mite crys tals at the bound ary with illite, trans mit ted cross-po lar ized light

Fig. 16. Scat tered do lo mite grains with a sid er ite rim within the illite vein,
trans mit ted cross-po lar ized light
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Fig. 17. Py rite microcrysts in illite

Fig. 18. EDS of illite with py rite (see Fig. 16)

Fig. 19. EDS of pure py rite pres ent in Figure 16



may be de scribed by equa tion logRb (ppm) = log1.115
´ K2O + 1.597,  de fined by Shaw (1968) for ig ne ous and re lated
rocks. It is con sid ered as an in di rect, sup port ing ar gu ment for
the magmogenic na ture of min er al iz ing flu ids (Ananiew, 2012).

There is a no tice able en rich ment of do lo mite-illitic rocks in
Zr  ac com pa nied by Ti in places, as well as lo cally in Cu, Zn, Pb, 
U, Th (Fig.  22), as com pared to un al tered do lo mite. The Zn
con tent up to 800–900 ppm, and As con tent up to 195 ppm, ac -
com pa ny ing py rite-marcasite and he ma tite min er al iza tion are
prom i nent.  Dis persed fine grains of chal co py rite and sphalerite
and min ute veinlets of sphalerite are mi cro scop i cally vis i ble in
places. The in creased Zr and TiO2 con tent (up to 90 ppm and
0.59%, re spec tively) in llite veins, fol low ing al ter ation of do lo -
mite, sug gests their mo bil ity in min er al iz ing so lu tions. The hy -
dro ther mal mo bil ity of Zr, Ti and ac com pa ny ing REE, Y, Th and
U was for merly no ticed close to ig ne ous rocks (Giere, 1990; Ru -
bin et al., 1993). Zr mo bil ity is most com mon in F-rich hy dro ther -
mal flu ids and may be pro moted by sul phate complexing (Ru bin 
et al., 1993). It is sup posed to oc cur also in po tas sium rich flu ids
and fa vored by CO2 ac tiv ity (Giere, 1990).

The REE (lanthanide) con tent var ies from a few to about
20 ppm in lime stones and un al tered dolomites up to about
126 ppm in do lo mite-illitic rocks. The close re la tion ship of the
REE and K2O con tents (Fig. 23) is re mark able, fol low ing the ad -
vance ment of do lo mite re place ment by illite. The in creased to -
tal REE con tent in the al tered dolomites, com pared to the par -
ent rocks is clearly ex pressed (Figs. 24–26). The LREE1 pre -
dom i nates over HREE (chondrite-nor mal ized) and the con vex
PAAS-nor mal ized REE dis tri bu tion (Figs. 27–29) in di cate
MREE en rich ment, in creas ing with the ad vance ment of
dolomites trans for ma tion into do lo mite-illitic rocks. The re dis tri -
bu tion of these el e ments is con sid ered to have been gov erned
by diagenetic pro cesses or by mi grat ing flu ids (Giere, 1990). In
warm and mild acidic brines, Cl–, SO4

2 -  and CO2 form com -
plexes with REE, which al low trans port ing their ap pre cia ble
amounts (Migdisov et. al.,  2016). Var ied ex am ples of hy dro -
ther mal de pos its sug gest that hy dro ther mal pro cesses have
con cen trated the REE.  The pre dom i nance of LREE over
HREE is the con se quence of higher mo bil ity of the for mer in
ther mal so lu tions at low tem per a tures (Wiliams-Jones, 2015;
Migdisov et al., 2016).  The high 6–17 La/Lu (chondrite-nor mal -
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Fig. 20.  Cr2O3 con tent cor re lated with K2O (in %) in  do lo mite re placed by illite
(Budy and Piskrzyñ quarries)

 Cr2O3 de tec tion limit 0.002%; Pp – do lo mite veined with marcasite

Fig. 21. K2O-Rb con tent cor re la tion

1 La to Eu are referred to as  LREE, Gd to Lu as HREE and Sm to Dy as MREE
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Fig. 22. Var ied com po si tion of do lo mite re placed by illite (DIL) and not trans formed do lo mite  (D)

Se lected chem i cal com pounds, Piskrzyñ Quarry, IV level, north

Fig. 23. REE (ppm) cor re lated with K2O con tent (%), Piskrzyñ and Budy quar ries
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Fig. 24. Chondrite-nor mal ized REE con cen tra tion pat terns in car bon ate rocks, Budy Quarry

For sam ple num bers see Table 1

Fig. 25. Chondrite-nor mal ized REE con cen tra tion pat terns in car bon ate rocks, Piskrzyñ Quarry

For sam ple num ber see Table 2
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Fig. 26. Chondrite-nor mal ized REE con cen tra tion pat terns in car bon ate rocks, Wszachów Quarry

For sam ple num bers see Table 3

Fig. 27. PAAS-nor mal ized REE con cen tra tion pat terns in car bon ate rocks, Budy Quarry

For sam ple num bers see Table 1

Fig. 28. PAAS-nor mal ized REE con cen tra tion pat terns in car bon ate rocks, Piskrzyñ Quarry

For sam ple num bers see Table 2



Do lo mite-illitic rocks (dolillite) – the prod uct of hy dro ther mal re place ment of car bon ate rocks in the Holy Cross Mts., Po land... 291

Fig. 29. PAAS-nor mal ized REE con cen tra tion pat terns in car bon ate rocks, Wszachów Quarry

For sam ple num bers see Table 3

Fig. 30. La/Lu chondrite-nor mal ized in re la tion to K2O con tent
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Fig. 31.  Chondrite-nor mal ized REE con cen tra tion pat terns in min er al ized rocks
 in the Budy and Piskrzyñ quar ries

For sam ple  7–11 see Table 2, for sam ple 12 and 13 see Table 1



ized) ra tio dem on strates the clear LREE dom i nance over
HREE and sug gests acidic con di tions of REE en rich ment pro -
cesses (Bau, 1991). The LREE to HREE ra tio, how ever is not
de pend ent on the K2O con tent (Fig. 30), there fore, it is not af -
fected by the pro cess of do lo mite re place ment by illite. The
Lach/Luch >1 is most likely con trolled by sorp tion pro cesses
(Bau, 1991).

The to tal in creased REE con tent in do lo mite-illitic rocks sug -
gests their ex ter nal in tro duc tion fol low ing a de creased pH of min -
er al iz ing so lu tions (Michard, 1989; Kuèera et al., 2009).  The in -
creased Gd con tent in re la tion to the weakly ex pressed Eu anom -
aly (Eu/Eu* 0.43–0.76) sug gests also that the trans for ma tion pro -
cesses of do lo mite into do lo mite-illitic rocks took place in a weakly
re duced en vi ron ment. It is proved also by the lack of clear Ce
anom aly (Ce/Ce* 0.75–1.14) and re place ment of marcasite by py -
rite in min er al ized zones (Nieæ and Pawlikowski, 2015).

The be hav ior of some HREE is in ter est ing. In the Budy lo cal -
ity, the anom a lous, in creased con tents of Yb and Lu is ob served
in iron sul phide-min er al ized dolomites and de creased in he ma -
tite-bear ing ones. Such anom a lies, but less prom i nent, are also
ob served in Piskrzyñ (Fig. 31). The de creased Dy con tent in
hematitized dolomites is re mark able. The var ied con tent of these 
el e ments and slightly in creased yt trium con tent al low sup pos ing
their mo bil ity dur ing the pro cesses of do lo mite rock trans for ma -
tion. The be hav iour and frac tion ation of par tic u lar RRE may be
ex plained by lo cal vari a tions of complexing lig ands in hy dro ther -
mal so lu tions, such as CO3

2 - , HS–, SO4
2 - , which are pH-and

Eh-de pend ent (Yongliang and Yusheng, 1991).

DOLOMITE TRANSFORMATION
TO DOLOMITE-ILLITIC ROCKS
 – GENETIC CONSIDERATIONS

The trans for ma tion of do lo mite into do lo mite-sil i cate rock by 
the in tro duc tion of sil ica and of ten iron and other metal (e.g.,
Cu, Zn) sulphides is a well-stud ied pro cess ac com pa ny ing ig -
ne ous in tru sions,. The ef fect of such high tem per a ture pro -
cesses is the for ma tion of di op side-epidote-wollastonite skarns
close to the side walls of acid and in ter me di ate mag matic rock
in tru sions, of ten con tain ing mag ne tite or Fe-Zn-Cu ores, well
de scribed in ore ge ol ogy text books (e.g., Misra, 2000). At lower
tem per a tures, serpentinization of dolomites oc curs (Kowalski,
1962; Lewandowska, 1991; Muszyñski and Wyszomirski,
1998), but it is less com mon. Do lo mite sili ci fi ca tion is of ten ob -
served in the hy dro ther mal en vi ron ment. The for ma tion of talk
de pos its also take place but it is a rarer pro cess (Tornos, 2000;
Boulvais et al., 2006; Wölfler et al., 2015). The re place ment of
do lo mite by illite was no ticed by Zalba et al. (2010a, b) in some
stromatolite dolostone beds in the mixed car bon ate-siliciclastic
se quences in the Tandilia Ba sin, Ar gen tina. Illite is ac com pa -
nied by rutile, and by pre cip i ta tion of he ma tite, goethite, py rite
and quartz.  The illuvial in tro duc tion of clay, dur ing tem po ral
weath er ing, and fur ther burial diagenetic or i gin of do lo mite-illitic
rocks are sup posed there. How ever the tec tonic dis tur bances
(frac ture net work sys tem filled with red dish clays, slick en sides,
brecciation) and the prox im ity to the cross faults, al low ad mit -
ting also the post diagenetic hy dro ther mal re place ment of do lo -
mite by illite and ac com pa ny ing min er als. The wide spread oc -
cur rence of do lo mite-illitic rocks in de pend ently of sed i men tary
fea tures and linked with tec tonic dis tur bances, ob served in the
Holy Cross Mts. is the ex cep tional phe nom e non.

The ac cu mu la tion of clay min er als which ac com pa nies
epigenetic dolomitization, was re marked by Migaszewski
(1990) in the west ern part of the Holy Cross Mts. Based on the

mode of their oc cur rence, petrographic fea tures of al tered
rocks, and ox y gen iso topes com po si tion, he dem on strated its
hy dro ther mal or i gin and sug gested their for ma tion due to
synsedimentary smoker’s ac tiv ity. Field data, how ever, make
the smok ers hy poth e sis dis put able (Narkiewicz et al., 2006).
The pres ence of al tered dolomites close to the zones of
brecciated rocks sug gest their as so ci a tion with tec tonic dis tur -
bances. The above-pre sented mode of ap pear ance of sim i lar
rocks in the east ern part of the Holy Cross Mts. in the fault
zones and their close vi cin ity, and the spa tial as so ci a tion with
the marcasite-py rite-he ma tite min er al iza tion, strongly sup port
such a sup po si tion.

The par ent rocks trans formed to do lo mite-illitic ones are
dolomites, formed by epigenetic re gional dolomitization of Mid -
dle De vo nian lime stones, through the ac tion of mag ne sium-rich 
bassinal brines, at about 100°C (Narkiewicz et al., 2006;
Narkiewicz, 2009).  The ir reg u lar dolomitization front, best vis i -
ble in the Budy Quarry proves the post-lithification pro cess. 
The dolomites have var ied petrographic fea tures, partly in her -
ited from lime stone palaeosome. They are most of ten mi cro- to
me dium-crys tal line (sparites), and show a mo saic fab ric. The
fur ther re place ment of do lo mite by illite was pre ceded by
recrystallization of do lo mite and the for ma tion of a coarsely
crys tal line rock of saccharoidal ap pear ance. Iron sul phide
(marcasite-py rite) and he ma tite min er al iza tion ac com pa nies
illite in the fi nal stage of do lo mite re place ment. Such min er al iza -
tion also ap pears in the frac tured or fault-dis sected dolomites,
be yond the do lo mite-illitic rocks, but close to them.

The mode of oc cur rence of do lo mite-illitic rocks in di cate that
their for ma tion post date epigenetic dolomitization of lime stone. It
started prob a bly si mul ta neously with the fi nal stage of main tec -
tonic ac tiv ity post dat ing it. The hy dro ther mal na ture of the rocks
was dem on strated by Migaszewski (1990) based on the ox y -
gen-iso topes com po si tion, and the for ma tion at the tem per a ture
of 80–115°C. The sili ci fi ca tion of do lo mite ob served in other lo -
cal i ties took place at 100–200°C (Migaszewski et al., 1999). Illite
crystallinity sug gest the tem per a ture of for ma tion over 150°C.
The pro cess of do lo mite trans for ma tion into do lo mite-illitic rocks
started by do lo mite recrystallization, ac com pa nied and fol lowed
by illite pre cip i ta tion in in ter sti tial space and par tial cor ro sion of
do lo mite metacrysts, with the al most si mul ta neous pre cip i ta tion
of iron sulphides or he ma tite ac cord ing to the lo cal pH and Eh
con di tions. The co ex is tence of dis sem i nated iron sul phide and
he ma tite in do lo mite illitic rock may be ex plained by their for ma -
tion close to a re dox front. It is sup ported by the pres ence of
marcasite-he ma tite min er al iza tion in the near est vi cin ity (Nieæ
and Pawlikowski, 2015). The in creased MREE con tent sug gests
the low pH of min er al iz ing so lu tions, prob a bly rich in sul phate,
which form MREE-sulphite lig ands more sta ble com pared with
LREE and HREE, and al low their greater mo bil ity, and sta bi li za -
tion through pH neu tral iza tion by car bon ates (Johannesson et
al., 1996; Migdisov et al., 2016).

The for ma tion of do lo mite-illitic rocks was pos si ble due to
the in tro duc tion of con sid er able quan ti ties of sil ica, alu mina and 
po tas sium. The REE con tent, higher than in un al tered
dolomites, can be ex plained by large vol ume of flu ids in volved
(Quing and Mountjoy, 1994).  The source of Si, Al, K and REE
may be the claystones, form ing in ter ca la tions pres ent within or
be low the lime stone-do lo mite rock se ries, or such source
should be searched be yond. This may be ei ther the lam pro -
phyre in tru sions or the deep-seated mag matic source of  both
lam pro phyres and hy dro ther mal so lu tions. Nu mer ous lam pro -
phyre and al tered diabase vein in tru sions are pres ent south of
the do lo mite-illitic rocks in Wszachów and Piskrzyñ (Fig. 32)
and NE from Budy (in the north ern part of the Klimontów
anticlinorium and the south ern part of the £agów synclinorium).
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The hy dro ther mal reprecipitation of illite is dem on strated
e.g., in the neigh bor hood of mafic rock in tru sions in Tu ni sia
(Mattoussi Kort et al., 2008). The reg is tered el e vated chro mium 
con tent in the stud ied do lo mite-illitic rocks sug gests the link of
hy dro ther mal pro cesses with in tru sions of such  rocks. Ad vo -
cate for it known other oc cur rences of chro mium con tain ing illite 
(chrom-illite – “avalite”2). It was en coun tered in hy dro ther mally
al tered ser pen tin ite (Maksimowic and Brindley, 1980), in ser -
pen tine host ing cin na bar de pos its (Maugin, 1956) and in
streaks and veinlets in as so ci a tion with ura nium min er al iza tion,
formed by hy dro ther mal so lu tions pen e trat ing sand stones (Kerr 
and Ham il ton, 1958).

The as so ci a tion of hy dro ther mal ac tiv ity with in tru sions of
lam pro phyres and diabases in the Holy Cross Mts. was sug -
gested ear lier by Rubinowski (1969) and the as so ci a tion with
diabase in truded at 331–323 Ma was sug gested by Nawrocki et 
al. (2013). Dis sem i nated Zn, Pb, and Fe sulphides were no ticed 
within the side walls of lam pro phyre veins in the Cam brian and
De vo nian mudstones (Paw³owska, 1958; Nowakowski, 1959;
Rubinowski, 1966). The lam pro phyre in tru sion within the De vo -

nian car bon ates west of Piskrzyñ is sur rounded by fri a ble do lo -
mite, partly al tered into “clay-sil ica-car bon ates and  sid er ite-do -
lo mite” rock, and cut by chlorite-quartz- car bon ate veinlets with
Fe and Pb sulphides (Tarnowska, 1967, 1974). A dyke of hy -
dro ther mally al tered, adularized mafic rock, highly en riched in
po tas sium up to 8.86%, was found north east of Budy
(Nowakowski, 1959). It dem on strates the ac tiv ity of po tas -
sium-rich hy dro ther mal flu ids.

The study of or ganic mat ter in the De vo nian rocks in the Holy
Cross Moun tains dem on strates its ma tu rity at 120–160°C and
the ex is tence of the “Variscan ther mal anom aly” of el e vated heat
flow in the Holy Cross fault zone (Belka, 1990; Marynowski,
1999; Narkiewicz  et al., 2006). In the deep bore hole Jañczyce 1,
lo cated west of Piskrzyñ, a dis tinct depth-re lated in crease in
kerogen ma tu rity was de tected, which sug gests a deep-seated
heat source (Marynowski, 1999). It may be the source of hy dro -
ther mal flu ids. The frac tured rocks in fault side walls were good
path ways for hy dro ther mal so lu tions. Lime stones and
synsedimentary or epigenetic dolomites com monly pres ent in
Mid dle De vo nian car bon ate com plexes were hy dro ther mally
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Fig. 32. Ge ol ogy of the area be tween Wszachów and Piskrzyñ (af ter Walczowski, 1968; Dowgia³³o, 1974)
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trans formed. Epigenetic dolomitization was the pro cess of re -
gional ex ten sion dur ing the Car bon if er ous, be fore the main
Variscan tec tonic ac tiv ity (Narkiewicz et al., 2006). Iron sul phide,
sid er ite and he ma tite min er al iza tion in the Holy Cross Mts. pre -
dates the early Perm ian (Rubinowski, 1966). The do lo mite
recrystallization, for ma tion of do lo mite-illitic rocks and marca -
site- py rite-he ma tite min er al iza tion con trolled by fault ing and fold -
ing may be si mul ta neous with the main phase of tec tonic ac tiv ity
or post date it. The ac com pa ny ing nu mer ous, var i ously ori ented
gen er a tions of do lo mite-an ker ite-sid er ite veins dem on strate that
the min er al iza tion was a mul ti stage pro cess.

The wide spread ing of al ter ations of do lo mite and
marcasite-py rite-he ma tite, as well as sid er ite-ankeritic min er al -
iza tion all over the area of the Holy Cross Mts., al low us to sup -
pose the deep-seated source of both hy dro ther mal so lu tions
and lam pro phyre and diabase veins. The in creased con tents of
REE and other met als in al tered dolomites is the in ter est ing,
phe nom e non as a pos si ble fin ger print of hy dro ther mal pro -
cesses in the au re ole of ore de pos its that may be lo cated at
large depth.

CONCLUSIONS

The wide spread oc cur rence of do lo mite-illitic rocks, the hy -
dro ther mal or i gin of which is pre sented, proves re gional hy dro -
ther mal ac tiv ity in the Holy Cross Mts. at the fi nal stage of the
Variscan orog eny. The source of hy dro ther mal so lu tions is not
clear, but their link with lam pro phyre in tru sions or some un -
known deep-seated mag matic source seems the most prob a -
ble. The oc cur rence of do lo mite-illitic rocks close to marca -
site-he ma tite min er al iza tion sug gests that they may be a guide
to some deep-seated, yet un known ore de pos its.
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