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A b s t rae t : Bodies of rodingite rocks have been discovered in the Jurassic seIpentinized ultrabasic rocks in 
the 'Rfanovo nickel mine. Electronic microanalysis and microscopic analyses of rodingites determined the presence 
of garnet (hydroglossular-hibschite), diopside, chlorite, iron hornblende, actinolite, vesuvian, pumpellyite and 
prehnite. 

Rodingites display gradual transition to associating gabbropegmatites indicating similar chemical composition, 
the only difference is that rodingites are enriched in CaO, and poor in MgO and FeO. 

The pumpellyite + actinolite + chlorite assambJage and the structural-textural characteristics are indicators that 
rodingites were affected by regional metamoIphism in conditions of pumpelite + actinolite assemblage at tempera
tures from 250 to 300°C and pressures of 2.5 to 3 kb. 
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INTRODUCTION 

Rodingite rocks occur in ultrabasic com
plexes particularly in the parts intensely affected 
by the process of serpentinization. 

Based on data in literature available roding
ites in the Republic of Macedonia have been found 
only in the Ljuboten ultrabasic serpentinized mas
sive (Crncevic et ai., 1964). 

Activities during the excavation of nickelifer
rous ore in the 'Rzanovo mine revealed one meter 
large bodies of rodingite rocks representing a sec
ond occurrence of rodingites in ultrabasic com
plexes in the Republic of Macedonia. The first 
data on the petrographic composition of these ser
pentinized ultrabasic rocks from the area of 

'Rzanovo was given by Marie (1931). Data on the 
geological composition of the terrain, the deposit 
and the mineralogical characteristics can be found 
in Ivanov (1960, 1969). Grafenauer and Soonole 
(1966) carried out mineralogical investigations on 
the ore from the 'Rzanovo ore series. The degree 
of metamorphism of lateritic Ni-Fe ores was inves
tigated by Boev and Stojanov (1985). Mineralogi
cal and geochemical investigations in the terrain 
can be found in the papers of Maksimovic (1981), 
Boev (1982), Boev and Serafi movski (1992), Boev 
and Lepitkova (1994), Boev and Serafimovski 
(1995), Boev and Sijakova-Ivanova (1998). 

GEOLOGICAL COMPOSITION OF THE 'RZANOVO AREA 

The area of 'Rzanovo is part of the Mount }ogic setting of Macedonia the area under investi
Kozuf massif situated in the south part of the Re gation is part of the Vardar zone. It is situated 
public of Macedonia close to the Macedonian-Greek close to the contact between the Vardar zone and 
border (Fig. 1). Based on the tectonic regional geo- the Pelagonian massif in a tectonically active area. 
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Fig.1. Geographic posiLion of Lhe ' Rumovo area 

The geological composition of the area (Fig. - a series of schists presumably of Cretaceous 
2) shows that it consists of several litostratigraphic age, 
units such as: - Jurassic serpentinized ultramafic rock .. with 

- limestones of Alb-Cenomanian age, gabbropegmatites and rodingites, 
- lateritic metamorphosed Fe-Ni ores of Cre- - a series of Tertiary volcanic rock .. and py

taceous age, roclasts. 

~Ttl· ~ 11 E9Scltists ~overtrust 

~ Cretaceous limestone t; •. !t1Serpentinite ~ Rodingites 
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Fig. 2. Geological map of the 'Rtanovo area 
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Several large clislocations with serpentinized 
ultra basic rocks along them intersect the terrain. 
The area of 'RZanovo is a thrust zone with a series 
of parallel thrusts in which serpenlinites, schists 
and marbelized limestones alternate. 

Serpentinized ultrabasic rocks in which gab
bropegmatites and rodingites also occur are part of 
the ophiolites of the western portion of the Vardar 

zone. The ultramafic rocks also host rocks of ultra
basic affinity, dunites and harzburgites affected by 
serpentinization and are the most common. Basic 
rocks such as gabbros and cliabases also occur. 

The spatial distribution and relationship be
tween inclividual members are not clear as a result 
of intense tectonic movements. 

METHOD OF WORK 


Detennination of the mineralogical composi
tjon of rodingites was carried out with microscope 
in transmitted light and the method of eIctronic mi
croanalysis. The method of electronic microanalysis 
carried out in the IGEM Institute in Moscow, Russia, 
deternlined the chemical composition of mineral 
phases. 

The chemical composition of rodingites and 
metagabbropegmatites and their surrouncling rocks 
was detennined by the method of ordinary silicate 
analysis. 

P-T conclitions of regional metamorphism 
which affected rodingites and gabbropegmatites 
were deternlined by geothennobarometric method 
based on the chemical composition of individual 
metamorphic minerals. 

Rodingites 

Rodingite rocks from the 'Rzanovo area are 
situatecl mainly in the marginal parts of the serpen
tinized masses occurring as elongated one meter 
large blocks of variable thickness and clistinct con
tacts with surrouncling serpentinites. 

They are hard and tenacious rocks of greater 
specific weight relative to gabbros. They are grey 
and grey-greenish to white depencling on the garnet 
and chlorite contents. Their composition consists of 
hypidiomorphic grains and massive texture. 

Microscopic investigations carried out with 
electronic microanalysis deterntined the following 
minerals: garnet (grossular-hibschite), monoclinic 
pyroxene (diopside), chlorite, amphibole (iron 
hornblende and actinolite), vesuvianite, pumpelite 
and prehnite. Garnets mainly substitute earlier pla
gioclases. Pyroxes are affected by processes of 
prehnitization, uralitization and chloritization. The 
relationships between minerals and the presence of 
pumpelite, actinolite and chlorite in rodingites and 

gabbropegmatites are indications that these rocks 
were affected by processes of regional metamor
phism. 

Such mineralogic composition of the roding
ites from 'RZanovo makes them similar to the rod
ingites from the Ljuboten serpentine massif. The 
only difference is that our investigations clid not dis
cover any zoisite in the rodingites from 'RZanovo 
and no pumpelite and amphibole in the rodingites 
from the Ljuboten serpentine massif. 

Gabbropegmatites 

Gabbropegmatites occurring as elongated in
trusions (veins) are also found in association with 
roclingites. Gabbropegmatites are seldom found fresh. 
They occur as alterated rocks displaying transition 
to roclingites owing to the process of rodingitization 
that they underwent. They are coarse-grained rocks 
with monoclinic system reaching 30 cm in size. 
They are predominantly made up of basic plagio
clase and monoclinic pyroxene with minor amphi
bole, prehnite and chlorite. Pyroxenes were affected 
by the processes of chloritization and prehnitization. 
Plagioclases are also affected by alteration processes 
with sporadic occurrences of prehnite. This is an indi
cation of encipient roclingitization of gabbropegma
tites. 

Chemical composition ofrodingites 

The chemical composition of rodingites is 
shown in Table 1. The chemical composition of 
gabbropegmatites as well as that of serpentinized 
harLburgites and dUitites are also given for correla
tion purposes. Chemical analyses clearly inclicate 
that with regard to the chemical composition roclingites 
show great similarity to gabbropegmatites. The 
greatest difference between the two types of rocks 

Geologica Macedonica. 13 ,75-84 (1999) 
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Table 

Chemical composition of rodingites, gabbropeg

trlatites, and serpentinized harzburgites 


and dunites 


Rodingites Metagabbro- Harzburgite Dunite 
pegmatites serpentinized serpentinized 

Si02 47.89 

Ti02 0.22 

Ah0 3 13.54 

Fe20 3 1.78 

FeO 1.72 

MgO 1.83 

CaO 31.61 

Na20 0.03 

K20 0.01 

P20S 0.20 

H2O 

L.I.O 0.90 ..........__ .. _.. _......._

Total 99.73 

Table 2 

48.31 
0.07 

15.61 

6.56 

5.68 

17.51 

0.04 

0.02 

0.13 

37.81 45.06 

0.07 

5.09 

5.61 3.49 

1.92 3.85 

36.51 33.98 

0.33 0.45 

0.13 0.01 

0.06 0.06 

0.09 

12.75 12.46 

5.15 
..... ,.,......_.. _- ......_.--_ .. _-_ .. _-_ .... _., .........._--._ .... .........__.. , ............. 


99.08 100.28 99.45 

Microprobe analyses ofclinopyroxenes from rodingites of 'RZanovo 

S a In e 

Analyses 126/2 126/4 126/4/1 126/4/2 126/7 126/8 

K20 
..-...._-_._--.__......_._.... ......_..•..__......_-_ ..,-.-..._----_.__...._....- ......._..............-..._--.,..._.-•... 

Total 99.97 97.96 99.95 

0=6 
Si 1.985 2.028 1.987 

AllY 0.015 0.0 0.002 

A1 v1 0.007 0.006 0.0 

Ti 0.0 0.001 0.0 

Fe 0.386 0.143 0.191 

Mn 0.002 0.001 0.003 

Mg 0.607 0.850 0.809 

Ca 0.953 0.941 1.000 

Na 0.Q35 0.0 0.007 

K 0.0 0.0 0.0 

Cations 4.00 4.00 4.00 

Wo 48.670 47.872 49.906 

En 31.013 43.263 40.368 

Fs 20.317 8.865 9.725 

Si02 52.31 53.83 53.66 

Ti02 0.0 0.02 0.0 

Ah03 0.48 0.13 0.05 
FeO' 12.46 5.49 6.19 

MnO 0.07 0.04 0.10 

MgO 10.73 15.14 14.65 

CaO 23.43 23.31 25.20 

Na20 0.48 0.0 0.10 

om 0.0 0.0 

is in the increased amount of CaO in rodjngites 
relative to gabbropegmatites. There is no significant 
difference in other component parts except for the 
small difference in the amount of MgO, AhOJ and 
FeO in gabbropegmatites. Based on the chemical 
composition it can be inferred that rodingites were 
formed as a result of postmagmatic calcic me
tasomation which supplied CaO to rodingites and 
extracted MgO and FeO causing the process of rod
ingitization of gabbropegmatites. 

Chemical composition ofthe minerals 

Chemical composition of clinopyroxene 

The chemical composition of the clinopyrox
ene is shown in Table 2. Based on the chemical 
composition clinopyroxene was determined as diop
side (Fig. 3). 

54.24 

0.06 

0.015 

5.79 

0.08 

14.43 

25.22 

0.0 

0.0 
_.....  "'--'-"'--" - "'--"'-

99 .97 

2.011 

0.0 

0.007 

0.002 

0.179 
0.003 

0.797 

1.002 

0.0 

0.0 

4.00 

50.561 

40.252 

9.187 

53.98 53.56 

0.0 0.0 

0.41 0.24 

4.86 6.49 

0.36 0.10 

14.95 14.30 
25.18 24.93 
0.17 0.27 

0.0 0.05 ...._.........__.__...._ .-_...•_--_.. 


99.91 99.94 

1.991 1.984 

0.009 0.010 

0.009 0.0 

0.0 0.0 

0.150 0.201 

0.011 0.003 

0.822 0.790 

0.995 0.990 

0.012 0.019 

0.0 0.002 

4.00 3.998 

50.300 48.888 

41.553 39.816 

8.146 10.295 

• Total Fe as FeO 
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Wo 

En Fs 

Fig. 3. Classification of pyroxenes on the Ca-Mg-Fe ternary diagram of Subcommittee of pyroxene (1988) 

Chemical composition ojgarnet the grains display fairly homogenous composition. 
Grossular is the predominant component part

The chemical composition of garnet was in (Gros - 97.007 - 83.148), then follows AIm 
vestigated in three grains along profile in order to (16.298 - 2.793), whereas other component parts
deternline their homogeneity. Data obtained indi are much less common (Fig. 4). The chemical 
cate that there are no significant deviations in the composition of garnets is shown in Table 3. 
chemical composition from centre to periphery and 

Table 3 
Microprobe analyses ojgarnets in rodingitesJrom 'RZanovo 

.-,---..--_ ___~___-,~.. .. .'!l--..p.--L.....~.... .. ...--....T ..... 

Analyses 126/4 126/6 
!
i 126n I 

, 
126/8 

r c r ! cr' c m r 
Si02 39.41 38.97 37 .. 79 38.23 38.10 39.. 17 38.97 39.41 
Ti02 0.10 0..12 0.0 0.0 0.04 0.. 04 0.0 0.05 
AI20 3 19.. 95 21.17 22.. 18 16.48 17.82 21.45 20.65 20.55 
FeO' 4 .. 12 i 2..70 1.42 8.. 98 7.06 2.30 3.. 08 3 .. 62 
MnO 0.08 0.017 0.. 03 0.02 0.. 13 0.. 03 0.. 12 0.19I 
MgO 0.04 I 0.. 0 0.. 02 0.. 16 0.. 06 i 0.. 08 0.. 0 0.12 
CaO 36.. 26 _~36.~ 38.. 52 35.76 36 .. 76 _+_r.. 87 37..08 35.99 
Total 99.96 I 99 .. 96 99.63 99.97 i 990--'.9,...-4- - 99 .. 90 99 .. 9399.96 

0= 12 Ii
Si 2.991 
AllY 0.. 009 
AIVl 1.774 
Ti 0 ..006 
Fe 0.. 262 
Mn 0.. 005 
Mg 0.005 
Ca 2.. 949 

AIm 8.122 
Gross 9L578 
Pyrope 0.141 
Spess 0.160 

2.945 2.. 841 2.949 2.194 2.955 2.881 2.986 
0 .. 055 0.159 0.051 0.086 0.045 0.119 0.. 014 
1..829 1.804 1..446 1.519 1.861 1.679 1.820 
0.007 0.. 0 0.. 0 0.. 002 0.002 0.0 0.003 
0.. 171 0.089 0.579 0.452 0.145 0.190 0 .. 229 

0.. 0 0.002 0.. 001 0.008 0.002 0.193 0.. 012 
0.011 0.002 0.Ql8 0.. 007 0.009 0.0 0.014 
2.982 3.102 2.955 3.. 012 2.980 2.. 937 2.922 

5.394 2.. 793 16.. 298 12.. 979 4 .. 627 5.. 735 7 .. 221 
94.262 97..077 83.148 86 .. 582 95.025 88.456 91..969 

0.0 0.070 0 ..518 0.197 0.287 0.. 0 0.427 
0.344 0.060 0.. 037 0.242 0 .. 061 5 .. 809 0.. 384 

• Total Fe as FeO; c - core; m - middle; r - rim. 

Geologica Macedonica, 13 ,75-84 (1999) 
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Aim 

Gross Pyrope 


Fig. 4. Composition of garnets from rodingites 


Chemical composition ofamphiboles position amphiboles belong to calcite amphiboles. 

Amphibole in rodingites was classified as actino


The chemical composition of amphiboles is lite, and that in metagabbros was classified a~ Fe

shown in Table 4. Because of their chemical com- hornblende (Leake, 1978) (Fig. 5). 

Table 4 

Microprobe analyses ofCa-amphibolesfrom rodillgites (126/2) and metagabbro (126/5) of 'Rzanovo 

Th 
shown i 

Table 

__ Sl!JlIpl~_____ 12612 126/5 	 Analys 
-

Analyses Act Act Fe- Hbl Fe-Hbl Fe- Hbl SiOl 
SiOz 51.39 53 .39 45.01 44.64 44.81 

Ti02TiOz 0.02 0.10 0.58 0.57 0.87 
AI 20 3 3.23 2.78 8.25 8.18 7.70 AllO] 
FeO 18.39 12.88 23.75 23.59 24.77 FeO· 
MnO 0.07 0.07 0.17 0.16 0.21 

MnOMgO 12.07 17.15 7.54 7.48 6.96 
CaO 11.85 11.01 11.35 11.28 11.30 MgO 
Na20 0.63 0.43 1.33 1.32 0.03 Cao

0.08 0.11-~Q_-.--_...Q:.Q~---. - ----.--.._Q:Q_..-.---~---..--.g:.Q.~.... ......_...._._---_...._._._
Total 97.73 97.81 I 98.06 97.30 97.70 	 Nal0 

K200=23 	 I 
6.850 6.877 6.865 	 Total 
1.150 1.123 1.135 

Si 7.607 7.632 
AllY 0.393 0.368 
T-site 8.00 8.00 
A1V1 0.170 0.100 
Ti 0.002 0.011 
Fel+ 2.141 1.107 
Fe3+ 0.023 0.127 
Mn 0.009 0.000 
Mg 2.663 3.655 
C-site 5.00 5.00 
Mn 0.009 0.008 
Fe 0.112 0.305 
Ca 1.879 1.686 
Na 0.000 0.000 
B-site 2.00 2.00 
Na 0.181 0.119 
K 0.Dl5 0.000 
A-site 0.196 0.119 
Sum. cat. 15.196 15.119 

• Total Fe as FeO 

8.00 
0.328 
0.066 
2.613 
0.282 
0.000 
1.711 
5.00 
0.022 
0.128 
1.851 
0.000 
2.00 

0.392 
0.016 
0.408 

8.00 
0.361 
0.000 
2.569 
0.353 
0.000 
1.718 
5.00 
0.021 
0.117 
1.862 
0.000 
2.00 

0.394 
0.016 
0.410 

8.00 
0.254 
0.100 
2.406 
0.650 
0.000 
1.590 
5.00 

0.027 
0.118 
1.855 
0.000 
2.00 

0.009 
0.021 
0.030 

0=28 

Si 

AIIV 

AIVl 

Ti 

Fe 

Mn 

Mg 

Ca 

Na 

K 

Catia 

15.408 15.410 15.030 Fe/Fe 

Geologica Macedonica, 13 ,75-84 (1999) Geologi 
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Fig. S. Classification of the amphiboles (B. Leake, 1988) 

Chemical composition ofchlorite.\· 

The chemical composition of chlorites is positIOn they are classified as the brunsvingite
shown in Table 5. Because of their chemical com- piccnochlorite-clinochlorite series (Hey, 1954). 

Table 5 
Microprobe analyse.v ofchlorites from rodingites of 'RZanovo 

S a m p I e 
__....___..w_.·_.. ... _ ..·.__·_____.._ ____..._., __...._.... _._.._ .____....._ ....._.__._-,.._.,..•_....- ...._-------_ .. __.-- - - --._ ---_ ._-

Analyses 12612 126/4 126/411 12615 126/6 12617 1261711 126/8 126/8/1 

Si02 28.77 30.08 29.31 26.07 28.73 30.83 32.34 30.00 28.06 

TiOz 0.0 0.0 0.0 0.0 0.0 0.0 0.12 0.09 0.0 

AlzO) 18.43 17.76 19.38 19.60 19.14 17.72 17.56 17.37 18.98 

FeO· 23.42 16.93 17.43 30.78 18.89 13.06 9.54 18.43 21.52 

MnO 0.12 0.29 0.03 0.37 0.61 0.25 0.22 0.32 0.22 

MgO 17.66 22.17 21.47 11.10 20.78 24.89 27.76 21.35 19.04 

Cao 0.03 0.45 0.28 0.09 0.04 0.19 0.18 0.05 0.10 

Na20 0.17 0.18 0.15 0.16 0.29 . 0.24 0.14 0.01 0.17 

K20 0.04 0.0 0.0 0.02_-_0..- 0.08 0.01 0.03 0.01 0.0 

Total 88.64 87.86 88.05 88.19 88.56 87.19 87.89 87.62 88.09 

0=28 

Si 5.907 6.030 5.864 5.630 5.788 6.093 6.210 6.068 5.755 

AllY 2.093 1.970 2.136 2.370 2.212 1.907 1.790 1.932 2.245 

AIVJ 2.364 2.223 2.430 2.614 2.329 2.212 2.181 2.206 2.339 

Ti 0.0 0.0 0.0 0.0 0.0 0.0 0.017 0.014 0.0 

Fe 4.022 2.838 2.917 5.559 3.183 2.159 1.532 3.118 3.691 

Mn 0.021 0.049 0.005 0.068 0.104 0.042 0.036 0.055 0.038 

Mg 5.406 6.626 6.404 3.573 6.241 7.333 7.947 6.438 5.822 

Ca 0.007 0.097 0.060 0.021 0.009 0.040 0.037 0.011 0.022 

Na 0.068 0.070 0.058 0.067 0.113 0.092 0.052 0.004 0.068 

K 0.010 0.0 0.0 0.006 0.021 0.003 0.007 0.003 0.0 

Cations 19.898 19.902 19.874 19.908 20.000 19.886 19.809 19.849 19.980 

FelFe+ Mg 0.43 0.30 0.31 0.61 0.34 0.23 0.16 0.33 0.39 

•Total Fe as FeO 

Geologica Macedonica, 13 ,75-84 (\999) 
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Chemical composition ofpumpellyite, prehnite 
and vesuvianite 

Among other minerals present in rodingites 
the chemical analyses carried out included 
pumpellyite (Table 6), prehnite (Table 7) and 
vesuvianite (Table 8). 

Table 6 
Microprobe analyses ofpumpellyitesfrom roding

ites (/26/2) and metagabbro 126/1 of'RZanovo 
Sample 

~nal)'ses 12611 1261111 12611 /2 126/2 1261211 
Si02 36. 11 37.71 37.34 38.05 37.63 
Ti02 0.04 0.0 0.06 0.12 0.05 
AI 20 ) 29.00 25. 16 26 .63 25 .99 25.79 
FcO' 2.91 4.32 4 .13 3.26 4. 18 
MnO 0.13 0.15 0.09 0.10 0.04 
MgO 1.32 2.38 1.30 2.89 2.45 
CaO 23.49 23.21 23.27 22.92 22.55 
Na20 0.36 0.0 0.29 0.13 0.0 
K2Q .. . _ _. .-2.:Q~... .. __ Q,Q _____ 9.:Qi 0.0:....;.1_--'0.0 
Total 
0= 14 
Si 
Al 
Ti 
Fe 
Mn 
Mg 
Ca 
Na 
K 

93.44 

6.581 
6.224 
0.005 
0.444 
0.020 
0.359 
4 .587 
0.127 
0.019 

92.93 

6.944 
5.456 

0.0 
0.665 
0.023 
0.653 
4 .579 

0.0 
0.0 

93 . 15 

6.853 
5.756 
0.008 
0.634 
0.014 
0.356 
4.576 
0. 103 
0.009 

93 .35 

6.924 
5.570 

0.0 
0.496 
0.015 
0.784 
4.469 
0.046 
0.002 

92.76 

6.914 
5.581 
0.017 
0.642 
0.006 
0.671 
4.439 

0.0 
0.0 

• Total Fe as FeO 

Table 7 
Microprobe analyses ofprellllitesfrom rodingites 

from secondary veins of 'RZanovo 

_____~_.~~_..P~___ 
Anal yses 126/5 126/5 126/5/1 
Si02 37.76 43.84 43.72 
Ti02 0.05 0.07 0.87 
AI20) 25.55 24.32 23 .81 
FeO' 4.82 0. 19 0.38 
MnO 0.21 0.0 0.0 
MgO 1.97 0.11 0.0 
CaO 23.02 26.65 26.85 
Na20 0.18 0. 15 0.04 

..!S.fQ_ ............_ ........Q,Q.!. 0:Q._.___......Q~9L 
Total 96.57 95.33 95.69 
0= 12 
Si 2.966 3.293 3.281 
AI 2.364 2. 149 2.102 
Ti 0.003 0.016 0.049 
Pe 0.316 0.012 0.024 
Mn 0.014 0.0 0.0 
Mg 0.232 0.012 0.0 
Ca 1.940 2. 145 2.159 
Na 0.D28 0.022 0.044 
K 0.001 0.0 0.002 

• Total Fe as FeO 

Table 8 

Microprobe analyses ofvesuvianites 
from rodingites of 'RZanovo 

S a m I e 
Analyses 126/4 126/411 126/8 
Si02 38. 12 37.73 36.61 
Ti02 0.21 0.18 0.20 
AI2O) 18.91 17.60 16.92 
FeO· 4 .09 6.61 4 .81 
MnO 0. 15 0.23 0.0 
MgO 0.64 0.99 2.25 
CaO 34.72 34.13 36.65 
Na20 0.0 0.13 0.06 
K20 0.0 0.0 0.0 
Total 96.84 97.60 97.50 

0 = 38 
Si 9.553 9.516 9.270 
Al 5.576 5.221 5.038 
Ti 0.039 0.035 0.038 
Fc 0.854 1.389 1.015 
Mn 0.032 0.084 0.0 
Mg 0.241 0.374 0.854 
Ca 9.324 9.223 9.943 
Na 0.0 0.064 0.030 
K 0.0 0.0 0.0 

. P 

• Total Fe as FeD 

p-T c01lditi01lS ofmetamorphism 

The Pm + Act + ChI mineral paragenesis dis
covered in rodingites and gabbropegmatites is an 
indication of the conditions for regional metamor· 
phism in pumpellyite-actinolite facies (Hashimoto, 
1966). According to the degree of metamorphism 
this facies represents the transition from the very 
low to low degree metamorphism or the transition 
from pumpellyite-prehnite quartz facies to green
schist facies (Winckler, 1979). 

Mineral parageneses, chemical composition 
of individual important metamorphic minerals and 
their reaction curves of stability were used during 
the determination the P-T conditions of metamor
phism. 

The chemical composition of actinolite was 
used in estimating the pressure. The Brown geo
barometer (1977) yielded P ranging from 2.5 to 3 kb. 

Diegel and Ghent (1994) gi ve a model for P
T stability of minerals in the prehnite-pumpellyite 
facies with a transition towards the greenschist 
facies in metaba"ic rocks from the vicinity of Flin 
Ron - Manitoba, Canada, with Phr + Pmp + Aet + 
Ep assemblage. The model is given for the 
CMASH-C02 system by the calculation for multi
plied isobaric T-XC02 and P-T diagrams. 
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83 Rodingite rocks in the Jurassic setpelltHle masses froID the area of 'RZanovo, Republic ofMacedonia 

The mineral assemblage in the metarodingites 
and metagabbropegmatites in 'RZanovo is identical 
to the one found in metabasic rocks in the vicinity 
of Flin Plon - Manitoba, Canada, except for epidote. 
Thus, the P-T conditions obtained from the investi
gations carried out on the assemblages in Canada can 
be used for comparison in the case of 'R~anovo. 

The development of the Pmp-Act mineral par
ageneses according to the present authors is given 
by the reaction: 

Cal + Chl + Qz =Pmp + Act + H20 + CO2 (1) 

The P from 2.5 to 3 kb determined for the 
rocks from the 'Rianovo Pmp + Act paragenesis is 
stable at T of around 250°C. 

The break down of the Pmp + Chl paragenesis 
is given by the reaction: 

Pmp + Chl + Qz =Ep + Act + H2 0 (2) 

Since epidote was not found in our case it would 
mean that the maxin1Um P-T stability of Pmp + Chl 
assemblage was not reached so that the assemblage 

would break down and yield epidote. At P from 2.5 
to 3 kb the Pmp + Chl assemblage is stable at T of 
around 270 to 280°C. 

Nitsch (1971) gives the following P-T data for 
the reaction (2): 345 ± 20°C / 2.5 kb, 350 ± 20°C / 
7 kb. 

The break down of the Prh + Chl assemblage 
according to the opinion of the present authors is 
given by the reaction 

Prh + Chl + Qz =Ep + Act + H20 (3) 

The lack of epidote in the rocks from 'R~anovo 
is an indication that P-T conditions were not suffi
cient enough for the break down of the Prh-Chl as
semblage. For pressure of 2.5 to 3 kb the assem
blage is stable at temperature of around 280°C. 

From what was said above one can arrive at 
the conclusion that metarodingites and metagab
bropegmatites investigated were metamorphosed at 
temperatures between 250 to 300 °C and pressures 
of 2.5 to 3 kb. 

CONCLUSION 


Based on investigations carried out the follow
ing conclusions can be drawn: 

- Since rodingites display transition to gab
bropegmatites there is no doubt that they were 
formed by gabbropegmatite alteration. They formed 
during medium temperature process of rodingitiza
tion by recrystallization of gabbropegmatite bodies. 
Rodingitization took place with the supply of cal
cium to rodingites or Ca-metasomation and extrac
tion of Mg and Fe from them. 

- Rodingites are similliar in composition to 
gabbropegmatites, differing only in the higher CaO 

Table 9 

and the lower MgO and FeO contents. They display 
significant variation in the chemical composition 
from surrounding serpentinized ultrabasic rocks. 

- Pumpellyite, actinolite and chlorite found in 
rodingites indicate that the rocks were affected by 
the process of regional metamorphism in a pumpel
lyite-actinolite facies at temperatures from 250 to 
300°C and pressures from 2.5 to 3 kb. 

The successive order of formation of mineral 
phases in rodingites depending on the individual 
phases is given in Table 9. 

Dependence beMeen individual phases and minerals 

Stages Rodingitizations Pum-Act facies 

Minerals 

Diopside 

Garnet 

Actinolite 

Fe-hornblende 

Pumpellyite 

Prehnite 

Chlorite 

Vesuvianite 

Geologica Macedonica.13 .75-84 (1999) 

http:Macedonica.13


II 

B. Boev. V. Miri!ovskl: S. Korikovski84 

REFERENCES 


Boev, B., ~ijakova-rvanova, T., 1998: Mineralogy of tbe 
magnetites in tbe 'Rtanovo Fe-Ni deposit, Republic of 
Macedonia. Geologica Macedonica, Vol. 12, p. 51-56. 

EueB, E., 1982: Meiu(UfopqJll3lL1I. HLI pyiJHmoo cepllja 
'PJlcaH08o-CtuyiJeHa BoiJa. Mar. Te3a, PY.I1apCKo-reo
nOll(l(H cpaKynTeT, Ecnrpa.l1. 

EueB, E ., JIemiTKUBa, c., 1994: KaaHluuiUaluluma Mlme
pMoluKa aHallll.la Ha pyiJa oiJ JKeAeaHD-HllK..fI.OHOCHO
IUO HLlOiMI1Ullue 'P.11caH08o, Peily61111Ka MaKeiJoHllja, 
24. OKTOMBPHCKO cOBeT)'BaJbe Ha PY.l1aPIfTC H MeTa
nyp3lfTc BO Eop. 

Eoe8, E., JIcrrlfTKoBa, c., 1994: MllHepallHu cpa.311 80 ilpe
iJpeiJy",llpaHillue ileilelull oiJ AlelUtIll YJll.llCKllOlU ill'oll,ec 
Ha rt>eHllMaK, KaaaiJapI{Il. 3GopHIfK Ha TPY.l1081f Ha 
PYJlapCKo-reonOIIIKH <f1aKynTeT, lliTHIl, Gp. 1. 

EocB, E., Cepa<f1lfMUBCKH, T ., 1992: COdi1.tl8 HLI HeKOll oiJ 
l..tW8HlllUe MllHepMHu cpa311 ao ilpoiJYKlulllue oiJ ilpeiJ
peiJYKI{lljaloo HLI HllKAOHocHlllue pyiJll oiJ Haoia.f1111U
Iueluo PJKaH080 - MaKeooHllja. 24. cOBcT)'BaJbC Ha 
pYJlapHTe If MeTanyp3lfTe, Eop. 

Boev, B., Serafimovski, T., 1995: Metallogenetic reatures of 
the Fe-Ni lateritic deposits in tbe Vardar Zone, Republic 
ofMacedonia. Second National Symposium "Metalogeny 
of Bu Igaria" Sofia. 

Bocv, B., Stojanov, R., 1985: Metamorphism ofNi-Fe pres. 
/Tom 'Rtanovo-Studena Vodn and Zone Almopias. Geo
logica Macedonica. T. 1. 

Brown., E. H., 1977: The Content of Cn-Amphibole as a 
Guide to Pressure ofMetamorphism. Journal of Petrology, 
Vol. 18, Part I, pp. 53-72. 

Crncevic, S. Grcev, S. Karamata, S. Simic, J. 1964: Pojave 
rodingita u !jubotenskom serpentinskom masivII. 

Digel, S., Ghent, E. D.. 1994: Fluid-mineral equilibria in 
prehnite-pumpellyite to greenschist Jades metabBSites 
near Flin Flon, Manitoba, Canada: Implication for petro
genetic grids. Journal of Metamorphic Geology, 12,467
477. 

Grafenauer S., Stmlole D., 1966: Zlog in mineralna sestava 
nikljenosnih f!elezovih rod 'RZanova. Rudarsko-metaluclki 
zbomik. 1,51-62. 

Hashimoto, M., 1966: On the prelmite-pumpellyite metagrey
wacke Jacies (in Japanese with English abstract). Journal 
Geological Society of Japan, 72, 253-265. 

Hey, M. H .• 1954: A new review ofchlorites. Mineral Mag., 
30, p. 277-292. 

I1BaHuB, T., 1959: HIlK.f10HOCHO lao.JICbe KOO 'PJKaHOBa Ha 
Ko.lICyqJY (lIP MaKeooHllja) . Tpchlf KOHrpcc rCOJlora 
Jyrocna8lfje, EYJlBa, CTP, 249-264. 

I1BaHuB, T., 1960: HllK.f10HOCHO .lICeAeaHa Jlyoa Ha nllaHII
HII Ko.lICYCP KOO ce.f1a 'PJKaHo80. TpYJlOBIf Ha feOJlOll
Kli 3aBu.I1 CKorrjc, CB. 7, CTp. 199-223. 

Leake, B. E .• 1978: Nomenc/ature ofamphiboles. American 
Mineral. Vol. 63, p. 1023-1053. 

Maksimovic. Z., 1981 : Nickel-bearing phlogopite nom the 
nickel-iron deposit Studena Voda (Macedonia). Godi~njak 
Jugoslavenskog centra za "Tistalografiju.16.Zagreb. 

Maplfh, JI., 1931: nelupozpacpcKe ue.f1eIUKe I/.J OKOIIIlHe 
MpeJKIl'lKOl.a, A/Iluapa II Po.'lICOeHa Y 1y.'lICHoj Cpullju. 
rnacHHK CprrcKor Ha)"IHlIr JlPYUITBa, lX, CKOJhe. 

Nitsch, K. H., 1971: Contribution. Mineral Petrology. 34, 
116-134. 

Winkler. G.F .• 1979: Petrogenesis of metamorphic rocks. 
Fifth Edition. Springer-Verlag, New York-Heidel berg
Berlin. 

PO~HHrHTCKH CTEHH BO JYPCKHTE CEPnEHTIfHCKH MACH 

O~ nO~PAqJETO HA 'PJKAHOBO 


IiJl8>KO lioeB1
, Bojo MIlP'lfOBCKH1

, Ceprej KOPIIKOBCKU2 

IPyiJapcKo- zeOIlO/UKIl qJaKy.rlluelu, IUIUllll, Pelly6.IlIlKa MaKeooHllja. 

211HCIUlliuyiu aa ZeOAOl.llja, pyiJHIl HaoiMllUllOO, ii.eiiipnl.paqJ/lja, AUlHepMOl.Ilja II l.eOXeAlllja, 


PycKa aKaiJeMllja Ha H<lYKlllue, CloopoMoHeHluHllllep. 35, MncKfw, 109017 Pycllja. 


KnY'lfHH :JOOPOBH: pOJlRHrnT; rrYMIlcmJT; aKTHHlInIfT; .I1"0rrCI1.11; rpaHaT; rrYMIlCnilT-aKTImOnIlTCKa c:paJJ;l'lja 

Bu jypa-'1ITC CCprreJITHHll3npaHH ynT[JaGa31f'IHH CTCHIf 
BO PY.I1HIfKOT 3a HHKen 'P)J(aHoBo ce rrpoHajJlcHII MCTap
CKH Tcna 0.11 PO,l1HHT1ITCKTf Kapml. Co eJle""l'JXlHcKa MUlo.:pO
aHamna If co MHKpOCKOrrcKu IICrrlfT)'BaJba BO PU.I1I1HrnTIf
TC ce O.l1PCJlCHH cnCJlHIITC Mlmcpanlf : rpaHaT (XIIJlPOrpO
cynap-XlfllllIliT), WllIrrcR)'I, XJlOpIIT, )J(eJJe3Ha xopHGJlCH}l,a, 
aKTHHlImIT, Be3)'BnjaH, rryM1lCmIT If rrpeHIIT. 

POJlRHrHTIfTe rroKa)J()'BaaT rrllCTcrreH rrpeoJl KOH ra
6pOrrCrMaTlfTJlTe Kon ce 80 acoqIljaJJ;l'lja co HHB, a co Him 

IfMaaaT If Cmf'JeH XCMlICKrr COCTaB co Taa pa3nnKa llTU 
pOJllmrJlTIITC CC 3GuraTcHII co CaO, a OCIIpUMameHII CU 
MgOI1FcO. 

MUHepanHaTa acuJJ;I'IjaJJ;l'lja rryr.memfT, aKTHHUJllIT, 
xnopllT, KaKO II CTPYKTypHU TCKCTypHiiTe KapaKTcpHCTH
KH YKa)J(YBaaT JlCKa PO.l1RHrnTlfTC cc 3ac:paTeHII co pemu
HaJlCH MCTaMopcpII3aM BO ycnuBH Ha rr~mc]JHT-aKTIIHu
mlTCKaTa cpal~I1ja rrpll T 0.11250-300 °C If P 0.112,5-3 kb. 
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