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A b s t r a c t: The paper deals r.vith the rr-rineralogic-petrographic characteristics olthe amphibolc gabbro ofthe
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INTRODUCTION

RESULTS AND DISCUSSION

Microscopic analyses condLlcted made it pos-

sible to discover amphibole gabbro as fbllows:
1. Fine-grained amphibole pyroxene gabbro,
2. Medium size-grained amphibole gabbro.
3. Coarse-grainecl amphibole gabbro.

Fine - grained amphibole py roxene gabb ro

Microscopic characteristics: it has grey-
greenish colour. Feldspars and amphibole can be
noticed with naked eye (Fig. 1).

Texture: massive.
Microscopic characteristics :

Structure : fine-grained.
N{ineral composition: 35Vo hastingsite, 157o

.::opside, 30-357a plagioclase. Titanite, apatite, zir-
::'n and saussurite occur as subordinate minerals.

Hastingsite - accounts for 35Vo of the total
:.r-is. It occurs in grains of 0.2 - 0.4 mm in size.
T:: erains are, in part, idiomorphic with hexagonal
-':r,iscuts. The two cicavag,es can be noticed easily
.i -::i idiomorphic grains. Interf'erence colours are
,: s:lond orcler. Plr:ochroisn'l ranges fir:rn riLrite

light yellow to reddish brown. The pleochroism
indicates that, most probably. it is hornblende rich
in titanium. The angle of tarnish measured parallel
to the crosscut (010) amounts to about 30'. A11

hestingsite grains are quite fresh. They do not pos-
sess traces of cl-remical decomposition.

Fig. I. Fine-grained amphibolg pyroxcne gabbro
ol'the cross-section near the Stip - RadoviS roat.l

(Novo Selo - Kriva Lakavica)
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Diopside - accounts to 157o of the total rock
mass. Most of the grains are alotriomorphic. There
are hypidiomorphic grains as well. Grains vary
between 0.3 and 0.7 mm in size" Sometimes they
look iike porphyroblasrs or iike intruded in the
rock. This is an indicator that diopsicle crystallisa-
tion took place fbr a long time so that in the end it
filled the void spaces of the rock which are either
small or large. Octagonal crosscuts with clear
cleavage under the angle of 90o can also be seen
with idiomorphic grains. Interference colours are
of second order" All grains are without pleochro-
ism and with pronounced relief. They are fresh;
their angle of tarnish, measured at crosscuts paral-
lel to (010), amounts to 45o - 54o.

Plagioclase * accounts for 30 - 35Vo of the
total rock mass. The grains are xenomorphic with
sharp rims. Grains are 0.1 - 0.2 mm in size. A
small number of the grains are hypidiomorphic.
Part of the plagiociase has been affected by de-
composition. The other part is quite fresh. The
process of elecomposition started from the centre.
Quite often grains, whose central parts are com-
pletely altered, have rims that are fresh. Sometimes
chemical decomposition has developed along fis-
sures of cleavage. Some feldspar grains are totally
decomposed and transformed to fine flaky mineral

- sericite.

Apatite - Based on the crystal forms and col-
our it can be inferred that there are two generations
of apatite. The first are light yellow, others rnilky
white. Their ration is 1:1. Milky white, according
to literature data (Troger 1969, page 186), have
probably come into being from ge1. Colouring oc-
curs due to contamination of other minerals. They
are short columnar in shape. The plane (1011) is
poorly developed.

Zircon - Two kinds of zircon can be found,
pale pink and transparent. Their ratio is 2:1 in fa-
vour of transparent ones. They are less common.
The characteristic feature is that none of the popu-
lation has radioactive rims. This means that the
two populations were poor in uranium and thorium
or are relatively young.

Saussurite is also present in the rock, as well
as thin and short epidote lodes. The chemical com-
position of the fine-grained amphibole pyroxene
gabbro was determined by XRF method in IGEM,
Moscow. The results are shown in Table 1.

Table 1

C h e mi c al c omp o s it i o n of fin e - g r aine d amphi b o I e
pyroxene gabbro ofNovo Selo - Kriva Lakvica

determined by XRF in IGEM, Moscow

sio2

Al2o.i

Fe2O3

Mgo

Na2O

Kzo

MnO

CaO

Ti02

P:os

'uF,.1: ........... .

Total

48.27

t4.5t

t2.29

6."t5

3.Ol

0.60

0.18 I

9.38

2.617

0.37

1:3f 
..

99.96

Table 2

CotTtents o.f rare elements and rare earth elements
in fine- grained amphibole pyroxene gabbro (ppm)

of Novo Selo - Krivct Lakavica determined
by ICP-MS in Moscow

Mo

Ag

In

Sn

Sb

Cs

Ba

La

U

Cr

Co

Ni

Cu

Zn

Ga

UC

As

Rb

Sr

Y

Zr

>2

>0.5

>0.1

2

1.1

0.4

E4

t3.4

0.31

285

180

35

37

28

99

19

>0.5

11

4

709

41.3

193

Nb

Ta

w
TI

Pb

Bi

Th

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Tm

Yb

Lu

Hf

8.5

0.57

>0.5

0.07

>5

>0.1

0.68

3 Z.+

4.39

2t.6

5.89

2.t0

6.97

r.29

7.70

r.5 1

4.65

0.699

4.12

0.595

4.9

Note: Analyses were carried out under the
supervision of Dr. Sergej Korikovski
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M e ditutt s iz,e - g r ained amphib ol e g ob b ro

Microscopic characteristlcs: colour is dark
grey to black, in some places light brown yellow-
ish. Amphiboles can be seen under microscope.

Fig. 2. Image of medium size-grained amphibole pyl'oxene

gabbro collected from the right side ofthe Stip - Radovi5 road
in the Novo Selo - Kriva Lakvica

Texture: massive

Microscopic characteristics :

Structure: hypidiomorphic grain-like'
Mineral composition: 40 7o tschermakite

hornblende, 15 % diopside,25-30 7o plagioclase,
orthoclase as well as epidote, zircon and apatite
occurring as subordinate.

The structure and mineral composition can be
seen in Fig. 3.

Fig. 3. Structure and mineral composition of medium size-grain
amphibole gabbro of Novo Selo - Kriva Lakvica. X N

magnification 6.3
\ote: Kfs - potassium feldspar, Di - diopside, Hbl - hornblende

Hornblende - is the most common of the
:ernic minerals. It accounts for 40Vo of the total
nass. It occurs as hypidiomorphic and idomorphic
'qrains the ratio 1:1. The grain size ranges from 0.4

ib.rlo_sica Macedonica, 18, 45-51 (2004)

to 0.6 mm. Hexagonal cross cuts can be seen with
idiomorphic grains with visible cleavage. Twin
pairs can be seen in the grains (Fig. 3). Interference
colours are of second order. Table 3 shows the

chemical composition of hornblende. Chemical
analyses carried out with a microprobe indicated
that they belong to the tschermakite hornblende
(Fie. a).

Table 3

C h emic al c omp o s i t i o n of t s c he rmakit e ho nb I end e

in medium size-grained amphibole gabl:ro
of Novo Selo * Kriva Lakvico detenttined

by electronic nticroanalysis in ETH - Zurich.
Analy st : Juge r Somnle rauer

si02

Tio2

Al2oj

FeO

MnO

Mgo

CaO

Na2O

Kzo

Total

SiIV

AIIV

T pos.

A1

Cr

Fe3*

Ti

Mg

-2+re

Mn

Ml,2,3

Mg

Fe

Mn

Ca

Na

NT4

Ca

Na

K

Apos.

o

44.486

2.291l

10.028

\4.696

t2.032

10.634

2.066

0.586

96.82

6.553

t.447

8.0

0.293

0.588

0.254

2.642

t.222

5

1.678

0.322

2

0.269

0.1 10

0.379

l3

44.555

2.214

10.3 88

15.834

1 1.983

t0.166

2.095

0.568

98.4

6.467

1.533

8.0

0.243

0.763

0.242

2.593

1.160

5

t.67 4

0.326

2

0.264

0.105

0.36?

23

44.987

2.443

10.346

16.02'7

1 1.832

l 0.8 82

2.1.t2

0.589

99.2

6.494

1.506

8.0

4.253

0.656

0.265

2.546

1.2'79

5

1.683

0.317

2

0.274

0.108

0.383

23
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Fig. 4, Amphibolite composition of mediurn size-grained
amphibole gabbro ol Novo Selo - Kriva Lakavica shown
on a diagram after the classification of Leakc et al. 1997

Diopside. Unlike hornblende diopside is less
common (some l\Vo), but it is larger in size than
hornblende (trig. 5). Grain size ranges from 0.6 to
0.8 mm. Cleavage can be seen in two directions.
Interference colours are of first order. There is no
pleochroism. The grains possess pronounced relief.
The chemical composition of diopside is given in
Table 4.

Fig. 5. Microphotograph of diopside of medium size-grained
amphibole gabbro of Novo Selo - Kriva Lakavica X N,

magnitication 6.3.
Note: Di - diopside

Plagioclase occurs in hypidiomorphic
grains. Grain size ranges from 0.2 to 0.3 mm.
Polysynthetic twins can be found (Fig. 7). A large
number of grains also host zircon. The grains are
fresh.

Table 4.

Chemical cotllposition of diopside of mecliwtt siz.e-
g rained anryhibole gabbro ho rnble ncle

of Novo Selo - Kriva Lakavica determinecl with
electronic nlicroanalysis in ETH - ZLtrich.

AncLly st : Ju g e r S onuneraue r
6l
lr
+
b!
a
})
2. SiO2 51.1,1

Tio2 0.59

Al2or 5.38

C12Ol

Fe2Oj

FeO 10.23

MnO
Nio
MgO 10.54

CaO 23.10

Na2O 0.98

K:o
To(al 101,9

siIV 1.88

AIIV 0.12

T pos, 2

AlvI 0.11

Ti 0.02

Cr
Fel*
Fe2* 0.29

Mn
Ni
Mg 0.58

Fc 0.02

Ca 0.91

Na 0.07

K
N,I1N,I2 2

o6

5 1 .57 50.06 50.41
0.46 0.78 0.55
3.19 5.13 4.4t

51.03

0.60

4.40

7.0/.5
0L
8.0 ,.,r i.ro io.o, ,.,0

io u, io.r,
23.39 23.42

0.94 1.03

100.1 100.4

l.e3 - --i.8,
0.01 0. I 3

22
0.09 0.09

0.01 0.02

r0.52 l0.6rl
23.38 23.32

0.94 0.96

100.3 10{).3

i Cs 
--- isri

0.t2 0.10
22
0.08 0. i 0
0.02 0.02

o.rr u.ro i.t, o.r,

0.59

0.93

0.07

2

6

ouo i.u og

0.94 0.94 0.94
0.07 0.08 0.07

222
666

Fig. 6. Diopside composition in medium size-grained
amphibole gabbro of Novo Selo - Kriva Lakavica shown

in a diagram aftcr the classification of Morimoto et. al. (1988)
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Fig. 7. Microphotograph of plagioclases in medium stze-

grained amphibole gabbro ofNovo Selo - Kriva Lakavica
shown, X N. magnification 6.3.

Note: Pl - Piagioclase

K-feldspar - occurs in alotriomorphic grains

the grain sizes ranging from 0.2 to 0.6 mm. The

grains are pertitized in some places.

The occurrence of potassium feldspar along

tvith basic plagioclase, pyroxene, amphibole, in-

clusion of plagioclase as well as its size indicate

that it was formecl after the crystallisation of all

minerais. Formation was carried out with supplies

of solutes probably rich in K2O that affected the

rock prior to consolidation.

Most common subordinate mineral is epidote.

It occurs solely in veins of variable thickness.

Coars e - g raine d amphib ol e gabb ro

Microscopic characteristics: colour is dark
grey to black. The rock is hard and compact.

Fig. 8. Photograph of coarse-grained amphibole gabbro

taken from the cross-section along the Stip - Radovii road,

the Novo Selo - Kriva Lakavica site

Texture: massive
Microscopic characteristics :

Structure: Coarse-grained.

3:riogica Macedonica, 18, 45-51 (2004)

Mineral composition: 60 7a amphibole-

tremolite and 25-30 7a plagiaclase, epidote, zircon

and ilmenite occurring as subordinate.

Trernolite - accounts for 607o ofthe total rock
mass. It occurs in xenot-norphic grains. The grain

size is from 0.5 to 0.9 rrun. The rims of the grains

are serrate. Cross cut r'vhere the two cleavages un-

der an angle of 124o can be seen are coilImon.
Twins are common. Interference colours are of
seconcl order. Sometimes it includes apatite and

zircon, in some places, however it decomposes to

epidote.

X-ray irnaging on tremolite was performed

and the d-values obtained helped to calculate the

parameters of the iattice. (Tabte 5 and X-ray dia-
gram in fig" 9) The results obtained are consistent

with the r,vorld JCPDS standards.

Table 5

X-ray diffraction data fo r tremolite
in coarse-grained aruphibole gabbro

of Novo Selo - Kriva Lakavica-

k I d calc d obs 2 theta calc 2 theta obs I

0

1

1

2

0

2

1

2

3

-1
3

-3

-3
, -|

2

3

-3

-4
2

2

-4
3

-4
5

-L+

20
r0
30
00
40
') (\

50
40

10
61

10.480

17.3 89

18.597

19.6t7

2r.049

26.330

27.159

28.492

30.378

31.803

32.63t

32.63L

34.583

35.t96

37.644

38.361

38.571

41 .851

44.307

10
51
-i (J

31
31
12
60
50
51
2t
6l
80
02
70
22

9.013 9.100

8.43,1 8.426

5.095 5.tr2
4.'16'7 4.7 47

4.521 4.516

4.2t'7 4.209

3.382 3.386

3.281 3.285

3.130 3.128

2.940 2.944

2.81 1 2.81 1

2.'742 2.746

2.742 2."123

2.591 2.604

2.548 2.544

2.387 2.392

2.344 2.346

2.332 2.337

2.157 2.165

2.043 2.049

2.018 2.02t

2.005 2.005

t.970 r.970

1 .896 1.896

1.884 1.882

9.1 I | 2.3

10.190 61 .1

t7 .334 1.4

r 8.676 3.1

t9.642 2.7

21.092 3.1

26.30t 9.2

27.t25 28.4

28.515 100.0

30.332 r2.5

31.808 22.7

32.580 9.6

32.E62 27.9

34.407 12.2

35.251 8. I

37.570

J 6.J+J

3 8.483

41.687

44.t73

44.876 44.818

45.190 45.186

46.042 46.015

4'7.93t 47 .949

48.260 48.317

11.4

I 1.9

1 7.8

14.2

4.3

t3.6

14.5

2.1

9.0

'7.0
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kl d calc , d obs 2 theta calc 2 theta obs Table 6

Chemic al c ompo sition of ande sine-labrado r
in c o ars e - g raine d amphib ole g abb ro

of Novo Selo - Kriva Lakavica deteruilnecl

by electronic microanalysis in ETH - Zurich.
Analyst : Juger Somnteraue r

4

2

2

-5
3

0

4

1

J

-4
1

4

2

-4
2

3

0

2

-6
7

-6

-1

-5
6

6

6

4

8

1

5

3

z

8

4

5

2

J

2

8

8

0

7

L2

4

6

1

0

13

9

8

6

7

0

2

1

2

1

2

3

0

3

2

J

J

2

2

2

J

2

1

J

2

0

3

1

2

0

I

3

The parameters of the lattice of tremolite are:

a = 9.859 (2) A.
b = 18.134 (5) A
s=5.287 (2) ]t
c[=Y=90o
0 = 104.78 (3)'.
V = 913.9 (3) A'

Plagioclase - often occurs in xenomorphic
grains. Hypidiomorphic grains can also be found.

It accounts for 25 to 30Vo. Grain size varies from

0.3 to 0.5 mm. There are grains that are quite fresh

and those that are completely decomposed. Fresh

grains were measured with a microprobe. The re-

sults are given in Table 6.

The table shows that albite component ranges

from 47.9 to 62.47o, whereas the anorthite from

36.4 to 49.47o. This leads to the conclusion that

they belong to the andesine and labrador group (as

shown in Fig. 14).

Fig. 9. Composition of feldspars in coarse-grained amphibole

gabbro ofNovo Selo - Kriva Lakavica shown in the diagram

after the classification ofDeer etal.,1972

An

1.870

t.847

t.824

1.'752

t.725

r.694

1.656

i.640

t.622

1.586

1.562

1.536

1.521

1.508

i.505

1.472

r.457

1.444

1.399

t.37 t

1.358

r.345

1.341

t.324

1.300

1.280

t.zto

t.8'72

t.846

r.823

r.7 54

1.723

1.693

r.654

1.639

t.622

1.587

t.562

1.536

t.521

1.509

1.505

1.471

1.458

t.445

1.400

r.367

1.35 8

r.346

1.341

1.324

1.299

t.282

r.276

48.659

49.291

49.96r

52.161

s3.052

54.091

55.436

56.016

56.695

58.099

59.103

60.r74

60.829

6t.440

6r.545

63.r2r

63.807

64.460

66.793

68.368

69.1 00

69.852

70.104

71.141

72.669

14.009

'14.246

48.594

49.330

49.97 5

52.093

53.106

54.1 19

55.501

56"053

56.698

5 8.079

59.092

60.197

60.842

61 .395

61.57'/

63.144

63.789

64.434

66;t36

68.578

69.130

69.959

'70.143

71 .156

72.722

'73.82'7

'74.287

3.0

1.8

7;7

1.8

0.9

5.i

13.9

8.0

5.7

10.9

1.3

6.2

-1.+

11.7

0.5

2.8

5.7

27.4

0.4

7.5

4.8

2.5

4)

3.6

2.2

2.4

sio: 60.00

Ti02

At2o3 26.02

Fe2Oj

CaO 7.75

Na2O 6.46

K:O 0.18

BaO

Total 100.4

si 10.63

At 5.43

Fe

Ti

Ca 1.41

Na 2.22

K 0.04

Ba

Cations 19.78

o32
Ab 59.5

59.73 57.95 56.36

25.95 24.47

8.06 7.43

6.88 '/.04

0.22 0.20

100.8 98.87

10.57 10.16

t_o' lt'
1.53 1.44

2.36 2.46

0.05 0.05

19.92 19.89

32 32

59.9 62.4

3 8.8

1.3

JO.r+

1.1

26.89 27.10

9.51 10.01

5.66 5.36

0.52 0.46

100.5 99.29

10.30 10.20

5.63 538

1.8 1 1 .94

1.95 1.88

0.12 0.11

19.91 i9.90

1' 7)

50.3 47.9

46;t 49.4

3.0 2.-7

An

Or

39.4

i.1

Ab
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Decomposed grains were not measured. They
are all saussuritized, kaolinitized, most probably

there are grains that are

said for sure since they
sericitized. This can not be

are fairly line-grained.

Based on data obtained during the investiga-

tions on pieces of amphibole gabbro in the carbon-

ate rocks of Novo Selo - Kriva Lakavica the fol-
lowing conclusions can be drawn:

l. Fine-grained amphibole pyroxene gabbro

Mineral composition: hastingsite, diopside,
plagioclase. Titanite, apatite, zircon and saussurite

ate common araccessories.

2. Meclium size-grained amphibole gabbrtt

Mineral composition: tschermakite horn-

blende, diopside, plagioclase and orthoclase. Ac-
cessory minerals include epidote, zircon and apa-

tite.

3. Coarse- grained aruphibole gcLbbro

Mineral composition: predominatly amphi-
bole-tremolite and plagioclase, epidote, zircon and

ilmenite occurring as subordinate.

CONCLUSION
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2. Cpequo 3pHecr autpn6oncxr ra6po no xoj xaxcr
urauHrr MuHepaJrll ce cpe(aeat: xopu6:reuga, [IloncrrA 11

opToKJrac, a oA cnopeAHIITe erI[AoT, r{rlPKOH, TrITaHrir rr

AIIATIIT.

3. KpynHo 3pHecr auQr.r6oncxu ra6po co MrIHepa-

JreH cocraB: TpervIoJIrIT, rlirarrloKJrac (augeu:un, "rra6pa-
qop) r.r o4 crropellHure MrIHepalrIIr erlrAor, I{rIpKoH, arrarlrr
],I I'IIN{CHIIT.

PecuN{e

MuHEPAJIoilIKo-[ETPofPAoCKI{KAPAKTEPI{CTIIKu
HA AMor{EOJICKI4 rAEPO OA HOBO CEJIO - KPI4BA IAKABI{IIA

Teua Illuiaxona-tr{tasona

Yuueepsuru " Ce. Kttltua u Metttoduj, Pyc)apcrco-|ectnollrKu tptrcy,true-u,
lou,e ,I,eauee 89, MK-2000 IIIurLLu, Peuy6,uutu Marcedoutria

Kny.ruu s6oponu: ar,r$ll6o;rcro ra6po; au$u6onu; nrrpoKceHu; dtelqcnag; qI{pKoH

:J:.rlogica Macedonica, 18, 45-51 (2004)


