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OPTICAL SPECTROSCOPIC AND COLORIMETRIC STUDY

OF PYROXENES FROM FENITIZED ROCKS OF THE CHERNIHIVKA

CARBONATITE MASSIF OF THE AZOV REGION

At exploration of carbonatite complexes the main attention is usually paid to investigation of the carbonatites themselves and
various silicate magmatic rocks related to them, whilst much less attention is paid to the rocks of fenitized halos, which
always accompany the carbonatite complexes being a powerful searching criterion. To expand instruments of forecasting and
searching of carbonatites within the Ukrainian Shield, the influence of alkaline fenitizing fluids on optical spectroscopic
parameters and coloration of rock-forming minerals was investigated. In this work the results of optical spectroscopy and
colorimetric investigation of pyroxenes from metasomatically altered clinopyroxenites, crystalline schists, pyroxene con-
taining migmatites of granite, tonalite and granosyenite compositions, syenites and alkaline syenites of fenitized halo of the
northern part of Chernihivka carbonatite massif and its gneiss-migmatite frame host rocks are presented. It was found that
spectroscopic features, color and pleochroism of the pyroxenes are caused by presence and ratio of different-valence iron
ions, Fe2* and Fe3", in the crystal structure, that causes appearance as crystal field absorption bands (bands of electronic
dd-transitions), as the bands of intervalence charge-transfer Fe2t — Fe3*. It is revealed that in the pyroxenes studied the M2
structural site is nearly completely filled by calcium and sodium ions, whereas Fe" are predominantly concentrated in the
structural cationic positions M 1. Nevertheless, even relatively low fraction of Fe2t (M2)-ions significantly influences on the
character of optical absorption in the near infrared range. By colorimetric investigations of grains of pyroxene from various
rocks of the halo of fenitization the different character of coloration and its saturation, caused by different iron content and
different degree of oxidation, is established.

Keywords: Ukrainian Shield, Chernihivka carbonatite massif, fenite halo, pyroxenes, optical spectroscopy, colorimetric study.

Introduction. Optical absorption spectra of transi-
tion metal ions in oxygen-based minerals, which
provide a unique information on valence state,
coordination, interatomic M-O distances, sym-
metry and constituents of ligand surrounding and
other characteristics of such ions in mineral struc-
tures [19, 14], were object of numerous investi-
gations. Particularly, the spectra of natural pyro-
xenes of different compositions have been inten-
sively studied by e. g. Rossman [22, 23], Khomenko
and Platonov [10], Khomenko [9], Burns [16] and
many other investigators, especially those dealing
with remote sensing exploration of celestial bodies
of solar system [27, 18, 19]. According to X-ray
diffraction studies [17] there are two types of
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cationic positions M1 and M2 in the clinopyro-
xene structure which may accommodate Fe?" ions
(Fig. 1). Nominally, larger and more distorted M2-
site is almost completely filled with Ca?" and alka-
line ions, so that Fe?" is predominantly concent-
rated in the position M1, which at interpretation of
optical spectra of pyroxenes is usually considered
as an almost regular octahedron [20, 29]. Never-
theless, because of low symmetry and strong dis-
tortion of M2-position, intensities of the spin-
allowed bands of Fe2* (M2) in optical spectra of
pyroxenes are frequently appreciably higher than
that of Fe2™ (M1). Thus, in spectra of iron-bearing
calcic clinopyroxenes the main spectroscopic
features are caused by electronic spin-allowed dd-
transitions of Fe" distributed between two non-
equivalent cationic positions M1 and M2. They
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Fig. 1. A fragment of the diopside crystal structure (pro-
jection along the axis a@). Silicon-oxygen tetrahedrons form
infinite zigzag chains stretched along the crystallographic
axis c¢. The structural position M1 is looking like a slightly
distorted octahedron. The M2 position is larger in size and
more distorted. In addition, it changes its coordination
number depending on the size M2-cation. M1 and M2
polyhedra, which accommodate Fe?™ and Fe3*, are con-
nected by common edges and this leads to appearance
of Fe?™ — Fe*" IVCT bands in the pyroxenes optical
spectra
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cause two pairs of broad intense absorption bands
in near-infrared (NIR) range from ca. 12.000 to
8.000 cm~!. Traces of Fe?" ions are responsible
for an additional broad band located between
12.000 cm™! and 14.000 cm™! and caused by
electronic Fe?t — Fe3" intervalence charge-trans-
fer (IVCT) transition between ferrous and ferric
ions in adjacent edge-shared Ml octahedra of the
structure [15]. Besides, admixture of Fe3* causes a
significant intensification of the aforementioned
spin-allowed dd-transitions of Fe?* due to elect-
ronicexchange-coupleinteractionwithneighboring
Fe3* ions. This phenomenon is known not only in
clinopyroxenes, but in many other Fe?", Fe3*-
bearing minerals [15, 25, 26]. Tails of very intense
UV ligand-metal charge transfer bands of 0>~ —
— Fe?" and O — Fe?" type cause a high-energy
absorption edge, which usually extends the visible
range and influences on coloration of pyroxenes.
Also, as was recently established on synthetic Ti-
doped diopsides [24], a certain effect on spectra
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Fig. 2. Geological structure scheme of Novopoltavska area of the
linear Chernihivka carbonatite massif: / — calcite-dolomite carbo-
natites, 2 — carbonatized fenites, 3 — nepheline syenites, 4 —
alkaline syenites, 5 — fenites of granosyenite and syenite composition,
6 — melanocratic metasomatic rocks, 7 — migmatized schists and
gneiss of diorite and granite composition, amphibolites, & — boun-
daries of geological bodies, 9 — faults, /0 — exploration profiles,
11 — wells with numbers
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Table 1. Morphological properties, color and pleochroism of investigated pyroxenes, their content and mineral paragenesis.
Here and further in the paper a general pyroxene samples’ number format is well/depth-grain number
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Grains’ shape, size, | Coloration . Cpntent .
Sample Pyroxene type, distribution Ch;ractér in unpola- Plcochmlsm and in the Mmprgl Secondary
rock . . absorption scheme | rock, up | association processes
through the rock | rized light t0 %
834/250.4 ! | Hedenbergite, | Xenomorphic Green- |Z — light green; 84 | Albite, Rock albitization
apatite- prismatic; upto |yellow- |X — green; titanite,
containing 5.0 mm long, green Y — light brownish. apatite,
clinopyroxenite| forms aggregations X>Z=~Y calcite
of grains up to
10 mm in diameter
741/243.0 2 | Diopside, Xenomorphic, Green Z — light green; 38 Titanite, Replacement
fenitized short prismatic, X — light green; biotite, of pyroxene
syenite 0.3—0.8 mm, Y — light brownish.| magnetite | by colorless
forms chains X=Z~Y amphibole and
calcite
741/246.0 3 | Augite, clino- | Prismatic, short | Green Z — light 91 Titanite, Replacement
pyroxenite prismatic, 0.5— brownish-green; biotite, of pyroxene
3.0 mm, forms a X — green,; magnetite | by colorless
solid prismatic- Y — light brownish. amphibole and
grained aggre- X>Z=~Y biotite
gation
741/278.5 4 | Aluminian Short prismatic, | Green Z — yellow-green; 24 | Albite, Rock albitization,
augite, 0.15—0.70 mm X — green; titanite, amphibolization
fenitized long, unevenly Y — light brownish. apatite and biotitization
syenite distributed in X>Z>Y
the rock, forms
aggregations of
small grains
741/287.0 5 | Sodian augite | Prismatic, short | Green Z — yellowish 15 | Albite - Pyroxene amphi-
(ferrian to prismatic with an green; oligoclase, |bolization and
aluminian), oval outline, in X — green; amphibole, | biotitization
fenitized aggregations — Y — light brownish.| biotite,
migmatites granulated, 0.15— X>Z>Y magnetite,
1.5 mm long, apatite
forms chains of
grains
741/306.9 ¢ | Aluminian Prismatic, long Green Z — light green; 6 Albite, Rock amphi-
sodian augite, |prismatic, "sieve- X — green; alkaline bolization and
fenite like", with an oval Y — green. amphibole, | albitization
outline; 0.16— X=Y>Z phlogopite
2.0 mm long,
linear chains with
amphibole that
replaces pyroxene
966,/573.0 7 | Sodian Prismatic crystals | Light Z — light yellow- 34 | Albite, Plagioclase albi-
diopside, fenite| from isometric to | green green; biotite tization
after biotite- | elongated habitus X — light green;
pyroxene with poikilitic Y — almost
migmatites texture, outlines colorless, greenish.
rounded, 0.5— Z~X>Y
7.0 mm long;
layered, oriented
968/453.8 3 | Ferrian diop- | Randomly orien- | Light Z — light green; 16 | Quartz, Rock microclini-
side, clinopyro-| ted short prismatic| green, X — colorless; oligoclase, |zation, replace-
xene-amphibole| crystals with an- |almost | Y — almost microcline, | ment of pyroxene
migmatite gular outlines, up | colorless | colorless; greenish. amphibole, |by blue-green
of granite to 1.0 mm long. Z>Y>X biotite, amphibole and
composition | Evenly distributed titanite, densely green
over the thin sec- magnetite | amphibole
tion area
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The End of Table 1

P Grains’ shape, size, | Coloration . Cpntent .
Sample yroxene type, distribution character| in unpola- Pleochrmsm and | inthe Mlqergl Secondary
rock throush the rock | rized lieht absorption scheme|rock, up| association processes
& & to %

968/466.0 9 | Ferrian augite | Randomly orien- | Light Z — light green; 8 | Quartz, Plagioclase micro-
(augite-diop- | ted short prismatic| green, X — colorless; oligoclase, |clinization, slight
side), migma- |crystals with an- |almost |Y — almost microcline, |replacement of
tite of tonalite |gular outlines, colorless | colorless, amphibole, |individual pyroxene
composition |up to 1.0 mm greenish. biotite, grains by brown

long. Unevenly Z>Y>X titanite, biotite and almost
distributed over magnetite | colorless amphibole
the thin section

area

968/472.0 19| Augite, Randomly orien- | Light Z — light green; | 14 | Quartz, Microclinization,
migmatite of | ted short prismatic| green, X — colorless; microcline, | replacement of
granosyenite | crystals with almost |Y — almost oligoclase, |pyroxene by blue-
composition | angular outlines, |colorless |colorless, amphibole, | green occasionally by

up to 1.2 mm greenish. biotite, green amphibole
long. Unevenly Z>Y>X titanite,

distributed over magnetite

the thin section

area

N o te. 1 — hedenbergite from apatite-containing clinopyroxenite; 2 — diopside from fenitized syenite; 3 — augite from
clinopyroxenite; 4 — aluminian augite from fenitized syenite; 5— sodian augite (from ferrian to aluminian) from fenitized
migmatites; 6 — aluminian sodian augite from fenite; 7 — sodian diopside from fenite after biotite-pyroxene migmatites;
8 — ferrian diopside from clinopyroxene-amphibole migmatite of granite composition; 9 — ferrian augite (augite-diopside)
from migmatite of tonalite composition; 10 — augite from migmatite of granosyenite composition.

Table 2. Values of formula coefficients for mineral forming components of pyroxenes
from rocks of Chernihivka carbonatite complex Novopoltavska area

Sample
number

Formula coefficients for mineral forming components

Si

Ti

AI(T) | Al(M1

) Fe3t

Fe* Mg Mn Ca Na K z

741/246.0 2
741/278.5 3

741/306.9

968/453.8 9
968/466.0 10
968/472.0 11

834/250.4-1' | 1.970 | 0.002 | 0.029 | 0.017
1.949 | 0.018 | 0.051 | 0.048
2.037 | 0.030 | 0.000 | 0.105
741/287.0-14 | 1.951 | 0.004 | 0.056 | 0.038
741/287.0-25 | 1.980 | 0.009 | 0.020 | 0.114
2.029 | 0.019 | 0.000 | 0.086
966/573.0-17 | 1.992 | 0.000 | 0.008 | 0.094
966/573.0-2% | 1.990 | 0.000 | 0.010 | 0.073
1.915 | 0.000 | 0.061 | 0.000
1.861 | 0.000 | 0.083 | 0.000
1.980 | 0.000 | 0.020 | 0.056

0.093
0.003
0.000
0.134
0.040
0.042
0.014
0.036
0.152
0.235
M1-0.003

0.451 | 0.450 | 0.026 | 0.879 | 0.080 | 0.003 | 4.000
0.316 | 0.657 | 0.022 | 0.913 | 0.000 | 0.024 | 4.001
0.540 | 0.446 | 0.016 | 0.777 | 0.025 | 0.025 | 4.001
0.263 | 0.709 | 0.014 | 0.685 | 0.139 | 0.009 | 4.002
0.386 | 0.556 | 0.012 | 0.732 | 0.148 | 0.003 | 4.000
0.460 | 0.502 | 0.010 | 0.627 | 0.220 | 0.004 | 3.999
0.333 | 0.630 | 0.009 | 0.818 | 0.099 | 0.002 | 3.999
0.295 | 0.659 | 0.013 | 0.825 | 0.094 | 0.004 | 3.999
0.181 | 0.796 | 0.014 | 0.836 | 0.042 | 0.004 | 4.001
0.097 | 0.788 | 0.029 | 0.866 | 0.033 | 0.008 | 4.000
0.311 | 0.733 | 0.018 | 0.850 | 0.024 | 0.005 | 4.000

N o te. 1 — hedenbergite, 2 — augite, 3 — aluminian augite, 4 — ferrian, sodian augite, 5 — aluminian, sodian augite,
6 — aluminian sodian augite, 7, 8 — sodian diopside, 9 — ferrian diopside, 10 — ferrian augite (augite-diopside), 11 —

augite.

configuration may play E|[Y-polarized IVCT band

of VITi3+ N

VT4 type.

The spectroscopic features of different types,
related to transition metal ions, or 3dN-ions [21,
16], cause such important psycho-physical cha-
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racteristics of minerals and compounds as color
and pleochroism. Color and pleochroism of ferro-
magnesian silicates, mainly such as biotite, pyro-
xene and amphibole, or so-named mafic minerals,
are regarded as important diagnostic and typo-
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morphic features of rocks of many types. It is quite
natural, therefore, that since seventies of the last
century one of the important components of ex-
ploration of such minerals, asides of their micro-
probe composition determinations, structure refi-
nements and various spectroscopic studies, were
calculations of objective color characteristics in
the CIE colorimetric system [3] of oriented self-
supporting polished platelets or grains in petro-
graphic thin sections. Presentation of such colo-
rimetric parameters in forms of color fields, "vec-
tors" of pleochroism etc. was broadly used by
Ukrainian mineral spectroscopists for various gene-
tic constructions and correlations [4, 10], as well as
for instrumental measuring and description of
colors of gems [6]. Colorimetric calculations and
quantification of color and pleochroism of minerals
by such quantities as the chromaticity coordinates
X, y and z, the dominant wavelength A, dominant
color purity or color saturation p_and luminance Y
of mafic minerals are still used nowadays for such
purposes [8].

In this paper the results of exploration of clino-
pyroxenes from crystalline rocks of Novopoltavska
area of the West Pre-Azov Region Chernihivka
tectonic zone, where of the same name carbonatite
complex is located (Fig. 2), represent another
attempt of using optical absorption spectroscopy
and colorimetric characteristics of mafic minerals
in petrographic thin sections for correlation con-
structions and genetic interpretation of experi-
mental data.

The distribution of carbonatite complex rocks
within Novopoltavska area is controlled by NW-
trending fault zone from settlement Chernihivka
on the south till crossing with Konkskiy fault on the
north. The host rocksare amphibole- and pyroxene-
containing schists and plagiogneisses, which are
interbedded with biotite plagiogneisses, granitized
and migmatized in varying degrees, and belong to
Lozovatska Suite of Zakhidnopryazovska Series.
The complex had been forming for the period from
2190 to 1900 Ma with repeated activation of the
process [12]. Some researchers attribute this
complex to linear-fractured type for its tectonic
position and character of distribution, although
others consider it as a central-type formation [7].

It is considered [1, 13] that the most ancient
formations of Chernihivka complex are alkaline
ultramafic rocks and gabbroids, later on nepheline
and alkaline syenites had been formed, whereas the
youngest rocks are carbonatites (sovite, alvikite,
beforsite [1]) that constitute dykes in the earlier
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rocks and contain xenoliths of the latter. All alkaline
rocks of the massif produce fenitization halo in
host rocks and their remnants as a result of alkaline
orcalcium-magnesium-ferruginousmetasomatism.

Novopoltavska area, located in the northern part
of Chernihivka carbonatite massif, is composed of
tectonically transformed metamorphic, ultrahigh-
pressure metamorphic and intrusive rocks which
were being influenced by metasomatic processes
and contact metamorphic transformations during
its formation. Here we represent the results of
optical spectroscopic and colorimetric study of
pyroxenes from crystalline schists, recrystallized
dioritoides, pyroxene containing migmatites, sye-
nites and alkaline syenites in the cores of drilled
wells numbered 741, 834, 966 and 968, which were
at our disposal. Their crystal optical properties and
mineral associations are presented in Table 1.
According to the results of the microprobe com-
position investigation by semi-quantitative EDS
method [14] the pyroxenes studied can be assigned
to augites, diopsides and their varieties such as
sodium augites and diopsides, aluminium-iron
augites, iron diopsides, magnesium hedenbergites
and aluminian sodian augites. As seen from the
Table 2, the main chromophore (transition metal)
constituent in them is iron. The influence of other
transition metals as Cr, Mn, Ti etc., which could
have contributed to absorption spectra and colo-
rimetric characteristics of natural clinopyroxenes
[10, 28, 24], is negligible, although some weak
contributions to the shape of spectral curves and
thus to color and colorimetric parameters of
pyroxenes cannot be completely excluded.

As known, investigations of carbonatite comp-
lexes are usually focused on mineralogical, petro-
graphic and geochemical features of carbonatites
themselves and associated magmatic formations.
The fenitization halos (i.e. the metasomaticaly
changed enclosing rocks), which always accompany
carbonatite complexes and frequently have much
broader distribution areas than the carbonatites
themselves and their associated rocks, are much
poorer studied [5, 14]. It seems reasonable that
together with the traditional methods of inves-
tigations the expansion of forecasting and searching
facilities for carbonatites should include detailed
studies of their fenitization halo rocks by optical
spectroscopic and colorimetric methods. To our
knowledge pyroxenes from the rocks of this massif
have not been yet studied in this way.

Methods and samples. The composition of
pyroxenes was determined on scanning electron
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Fig. 3. Polarized absorption spectra of clinopyroxene
augite-diopside 968/466.0 from migmatites
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Fig. 4. Polarized absorption spectra of augite 741/278.5-1
from fenitized syenite

microscope REMMA-202M with energy dispersive
spectrometer (EDS) as described by Yurchenko et
al. [12]. Polarized optical absorption spectra in the
range of 350-1800 nm (~28600-5560 cm—') were
measured on the automated home-made compu-
ter-controlled single-beam spectrophotometer con-
structed on the basis of monochromator Spectra-
Pro-275 and highly modified polarizing microscope
MIN-8 accomplished with photometric device and
three changeable photo-detectors. More detailed
description of the installation and the procedure of
the single-beam spectra registration can be found,
for instance, in Taran et al. [30].

Suitable for optical spectroscopic studies pet-
rographic thin sections, standard and polished, i.e.
not covered by glass slides, have been prepared
from the clinopyroxene containing rocks. Orien-
tation of clinopyroxene crystal grains was deter-
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mined on the universal stage. As a result, sufficiently
large (up to 0.2 mm across) clinopyroxene grains
close to (010), i.e. of optical orientation, which
allows measuring of optical absorption spectra in
polarizations ~ E||X and ~ E||Z (the deviation from
the exact orientation in all cases did not exceed
10%), have been chosen for spectroscopic measu-
rements. Herewith a priori is considered that all
thin sections and, thus, the all pyroxene grains in
them were of equal thickness.

The CIE colorimetric characteristics of the
pyroxenes studied were calculated using Spectral
Calculator Spreadsheets for AL = 5 nm™*. For that
the optical transmission spectra were recalcula-
ted to the spectral range 340-830 nm with the step
AL = 5 nm using Un-Scan-It 6.0 software.

Samples of apatite-containing fenitized pyro-
xenites (well 834), fenites and fenitized schists (well
741) have been selected in the area where carbo-
natized fenites and melanocratic metasomatic
rocks occur (Fig. 2, Tab. 1). Samples of fenite,
formed by replacement of biotite-clinopyroxene
schist, were taken from the area of alkaline and
nepheline syenites (well 966). Outside the fenite
halo samples of clinopyroxene-amphibole migma-
tite of granite composition, migmatite of tonalite
composition and migmatite of granosyenite com-
position have been selected (well 968).

Results and Discussion. In polarized optical spec-
tra of the calcic clinopyroxenes studied (Table 2)
the aforementioned spectroscopic features, typical
of natural iron containing clinopyroxenes related
to both individual "isolated" Fe?* and Fe*' ions
and their interaction (IVCT Fe?" — Fe3* transi-
tions) are observed. For instance, Fig. 3 and 4
showthespectraoftwo clinopyroxenes, 968/466.0-1
and 741/278.5-1, respectively, from two different
wells, 968 and 741. As can be seen from the Figures,
the spectra differ significantly from each other, first
of all, by the intensity of all main spectroscopic
features that is apparently due to differences in iron
contents (cf. Tab. 2). In both cases a high-energy
absorption edge, interpreted as a long-wave "tail"
of the intense UV absorption bands caused by
electronic ligand-metal charge-transfer transitions
of 0?2~ — Fe3* and 02~ — Fe?* type, dominates in
high-energy range of the spectra in all three po-
larizations. Together with a broad intense pleo-
chroic Fe?" — Fe3* IVCT band (Z > Y > X) with
maxima, depending on the polarization, from ca.

* http://www.brucelindbloom.com/index.html?Spect
CalcSpreadsheets.html
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12500 to 12900 cm™!, it forms a broad "window" of
transparence and causes appearance of blue-green,
green and brownish colorations of the pyroxenes.
As seen from the spectra exampled in Figures 3 and
4, the intensity ratio of Z- and X-polarized com-
ponents of the IVCT band may significantly differ
in pyroxenes of different composition. Most likely,
this is due to change of orientation (rotation) of
optical indicatrix axes Z and X round to the crys-
tallographic axes @ and ¢ [10]. Thus, in the ferrian
augite (augite-diopside) from migmatite of tonalite
composition (Fig. 3) these bands have nearly equal
intensities in all three polarizations, while in the
spectrum of aluminian augite from fenitized syenite
(Fig. 4) the intensity of this band in X-polarization
is almost six times higher than in polarization Z
(for Y-polarization this ratio is even higher, but
cannot be exactly determined at a thickness of the
actual thin section: the Fe?* — Fe3* IVCT absor-
ption band is so intense that in X-polarization in
the wavelength range from ~720 nm to ~850 nm
the sample becomes practically non-transparent.

. . |
Indeed, optical absorption value D = lgT0 , Where

I, and I is the intensity of the monochromatic light
falling on and passed through the sample, respec-
tively, exceeds in this range the value 2.0. This
means that more than 99 % of irradiation is to-
tally absorbed.

Note that according to Table 2, the iron content
in pyroxenes 741/278.0-1 is nearly three times
higher than in pyroxen es 968/466.0-1. However
this difference can hardly be the only reason of
different intensity of the Fe?* — Fe*" IVCT and
aforementioned near-infrared bands in Fig. 3 and
4, caused by spin-allowed electronic dd-transitions
of Fe?" in octahedral M1 and M2 positions of the
structure. Along with much more intense short-
wave absorption edge this indicates a relatively high
concentration of Fe3* jons and thus suggests that
the oxidation state of iron in pyroxenes 741/278.0-1
must be appreciably higher than in 968/466.0-1.
That meansthat the electronic exchange interaction
between Fe2' and Fe?" also contribute the intensity
of spin-allowed bands of Fe?" (M1, M2) [24, 25],
although these deduction does not much agree with
calculated Fe"-content in the samples in question
(Tab. 2). This shows that because of a low precision
and relatively high limits of detection, semi-quan-
titative EDS method allows only rough estimations
of chemical composition of such complex minerals
as pyroxenes. Precise evaluation of iron valence
state would probably require more accurate mea-
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surements, for instance by means of the wavelength
dispersive mode (WDS). A similar conclusion can
be drawn from comparison of other pyroxene
spectra, e. g. 741/278.0-1 and 966/573.0-3 or
966/573.0-6, where the difference in Fe-content
between them is not so large as in the above
mentioned samples 741/278.0-1 and 968/466.0-1
(Table 2). It should be noted that in this case using
of other spectroscopic methods, such as Mdss-
bauer spectroscopy allowing to evaluate the oxi-
dation level of iron, is strongly restricted because
of very small dimension of the pyroxenes grains
and, especially, of their fine intergrowth with mica
and amphiboles.

In most of the samples studied here the spectrum
in Y-polarization by its general configuration does
not significantly differ from the spectra in the two
other polarizations: Xand Z, asin Fig. 4. Therefore,
alack of an intense and clearly distinct Y-polarized
absorption band of Fe?" (M2) in the most samples
studied indicates that M2 positions in them are
completely filled by Ca?* and Na* ions and, thus,
FeZ" is concentrated in the M 1-site despite of the
fact that for some samples microprobe analysis
indicates a deficiency of CaZ" and Na™ (Tab. 2).
Only in Y-polarized spectrum of a few samples a
relatively intense broad band appears in the region
~9800 cm~!. With a weaker band at ~4400 cm~! in
X-polarization (out of the spectral range studied
here) it forms a strongly split doublet caused by
electronic spin-allowed 37 2w 5Eg transition of
Fe?t in a low symmetric cationic position M2 [16,
21, 9]. Such situation is seen in Fig. 3 (band in
Y-polarization, marked as Fe2t (M2)).

Selective absorption of white light illumination,
which in fact is an equilibrated mixture of the
visible monochromatic radiations of different
wavelengths [3], by the short-wave absorption edge
and Fe?™ — Fe3* IVCT band, causes coloration of
pyroxene grains in petrographic thin sections at
their visual observation in transmitting illumination
with a microscope. The variations in the shape and
depth of the transparence window of differently
oriented grains are perceived as pleochroism, es-
pecially distinct at observation in polarized light.
Although quantification of color and pleochroism
of clinopyroxenes in petrographic thin sections is
considered to be most suitable in (100)-sections
[10, 9], in this paper colorimetric characteristics
were calculated from ~ E || X- and ~ E || Z-polarized
spectra of the grains with the appropriate orien-
tation. Visually at observation in polarized light
they are characterized by a quite variable intensity
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Fig. 5. Loci of thirteen grains of clinopyroxenes with orien-
tation in the sections close to (010) and calculated from
Z- and X-polarized optical transmission spectra in relation
to the standard illuminant C on the chromaticity diagram of
CIE colorimetric system. The values of the wavelength of
the primary color A, are in quite a narrow range of 564 to
572 nm (filled in with gray color)
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of color and, for some weakly oxidized varieties, of
mild pleochroism from yellow-green in Z- to a
rich green in X-polarization.

It should be noted that since color is inherently
three-dimensional quantity (trichromatic), any
colorimetric system requires three coordinates for
its description. Therefore, its graphical represen-
tation as two-dimensional Figures is always a
certain simplification of the situation. In the CIE
colorimetric system, the most common is the gra-
phical representation of colors in the chromaticity
coordinates x and y on the standard chromaticity
diagram wherein such color characteristics as the
dominant color wavelength A, and its purity or
saturation p_may be evaluated [2, 3].

In Table 3 the color characteristics xk’ p.and Y
calculated from Z- and X-polarized spectra of
the pyroxenes studied are compiled, whereas the
locus’s of the samples on the standard chromaticity
diagram of CIE colorimetric system are shown in
Figure 5. According to the Table and Figure, the A,
values are located in quite a narrow range from 564
to 572 nm. For the samples which spectra have
been measured in polarization close to Y, the
calculated A -values are also in this range. In other
words, by the tonality variations the pleochroism of
the pyroxenes studied may be characterized as
relatively weak. The difference in color in different
polarizations is mostly related to changes in Y- and
p.-values. The former expectedly increases with
increase of iron content and the degree of its

Table 3. Values of color characteristics A, (wavelength of the dominant color), p_ (dominant color purity or saturation)
and Y (luminance) for clinopyroxene grains in the sections close to (010) in petrographic thin sections expressed in CIE
colorimetric system calculated from Z- and X-polarized optical transmission spectra in relation to the standard illuminant C

Polarization
Sample Z X

Ay, nm P, rel. units Y, % A, nm P, rel. units Y, %
834-1/250.41 568.0 0.422 29.5 564.1 0.420 29.8
741-1/243.0-12 569.0 0.461 19.8 565.5 0.436 21.1
741-1/243.0-23 568.1 0.417 15.3 566.1 0.422 19.1
741-1/246.04 568.0 0.374 33.8 566.0 0.349 39.3
741-1/278.55 572.1 0.614 26.2 569.9 0.354 39.1
741-1/287.0-16 569.0 0.435 36.6 564.2 0.407 28.0
741-1/287.0-27 568.2 0.383 52.2 564.1 0.361 43.3
741-1/306.98 568.9 0.383 42.9 564.2 0.375 32.0
966,/573.0-19 568.9 0.365 41.8 566.0 0.342 43.1
966,/573.0-210 568.3 0.391 26.3 568.1 0.395 27.3
968/453.811 564.1 0.101 82.6 566.0 0.115 78.8
968,/466.012 567.2 0.155 50.0 568.0 0.139 52.0
968/472.013 564.8 0.322 81.1 564.1 0.311 80.0

N ote. 1 — hedenbergite; 2, 3 — augite; 4 — aluminian augite; 5 — ferrian, sodian augite; 6, 7 — aluminian, sodian augite;
8 — aluminian sodian augite; 9, 10 — sodian diopside; 11 — ferrian diopside; 12 — ferrian augite (augite-diopside); 13 —

augite.
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Fig. 6. The fragments of the chromaticity diagram CIE with loci of pyroxenes from the wells 968 (a)

and 741 (b)

oxidation what, as already noted, leads to the shift
of the short-wavelength absorption edge to the
visible range on the one hand and the intensification
of Fe?* — Fe*" IVCT band, and, accordingly,
increase of absorption in the red part of the visible
range, on the other hand. As a result, it makes the
transmittance window deeper and narrower and
the color more saturated (p, is increasing) and
darker (Y is decreasing). This is particularly clear
when compare color parameters of pale-green
augites from crystalline rocks of the eastern (lying)
block of Chernihivka zone (well 968) or augites-
malacolites from fenitized rocks of the western
block (well 966) and dark-green sodium-iron
augites and aluminian sodian augites from meta-
somatically altered rocks of the central block of
Chernihivka fault zone (well 741). Fig. 6, a and
Fig. 6, b show the examples of the chromaticity
diagram fragments and the loci calculated from the
unpolarized spectra of randomly oriented grains of
clinopyroxenes in the thin sections of the rocks
fromthe wells 968 and 741, respectively. Apparently,
in the first case chromaticity of pyroxenes is
characterized by low p_-values (is located close to
the point C, which is the locus of the standard
illuminant C imitating a white diffuse day-light).
This indicates a low saturation of the dominant
color with the wavelength X, in the range of 562.5
to 574.1 nm. The pyroxenes from the well 741 are

from 556.5 to 576 nm and broader range of the p_-
values ranging from 0.09 to 0.68. The luminance
Y-values, as seen from the Table 3, are much higher
for pyroxenes from the well 968 than those from the
well 741.
Conclusions. Thus, according to our study, the
color of clinopyroxenes from fenitized rocks of
Chernihivka carbonatite massif is caused by
presence of Fe?* and Fe3" ions in the structure.
Concentrations of other transition metal ions, ac-
cording to microprobe analysis data, are signifi-
cantly lower and do not much influence the
spectroscopic and color characteristics. The cha-
racter of polarized absorption spectra in the near-
infrared region indicates that Fe?* occupies mainly
the structural cationic position M1, thus showing
that another position, M2, which can also ac-
commodate Fe?", is almost completely filled with
ions of calcium and sodium. The nature of color
and pleochroism of pyroxenes in X-, Y- and
Z-polarizations are caused by both the iron content
and the degree of its oxidation and mutual
orientation of Y and Z axes relating to crystallo-
graphic axes a and c¢ in pyroxenes of different
compositions. The position of color points of the
pyroxenes studied in the chromaticity diagram
XYZ is different for the samples from different wells
indicating different coloration which, in its turn, is
caused by both different iron content and different

characterized by much wider range of the A -values
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Fe?" and Fe3* concentration ratios.
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ONTUKO-CIIEKTPOCKOIIYHE I KOJJOPUMETPUYHE
BMBYEHH:A MMIPOKCEHIB 13 ®EHITU30BAHUX TTOPIJ
YEPHITIBCbKOI'O KAPBOHATHUTOBOI'O MACHUBY IIPHUA30B’A

VY nocnimkeHHi KapOOHATUTOBUX KOMILUIEKCIB TOJIOBHY YBary MpUIiJIeHO BABYEHHIO caMe KapOOHATUTIB Ta MOB’sI3aHUX i3
HUMU Pi3HOMAHITHUX CUJIiIKATHUX MAarMaTUYHUX ITOPiJI, TOJI SIK TOPOIaM OpeotiB (peHiTU3allil, sIKi 3aBX 1 CYyITPOBOIXKYIOTh
KapOOHATUTOBI KOMIUIEKCH i € TOTYXKHUM MOUIYKOBUM KPUTEPiEM, MPUALIAIOTh 3HAYHO MeH1Ie yBaru. st po3iupeHHs
3ac00iB MPOTrHO3YBaHHS Ta MOLIYKY KapOOHATUTIB y MeXax YKPAaiHChKOTO IIUTa JOCHIIXKEHO BILUIUB JYXXHUX (DEHITHU-
3yBaJIbHUX PO3UMHIB HAa CHEKTPOCKOIIUHI MapameTpu, XapakTep 3a0apBJIeHHS 1 IJIEOXPOi3M MOPOJOYTBOPIOBAIBHUX
MiHepasiB. Y 1iil poOOTi MpeAcTaBieHi pe3yIbTaTh ONTUKO-CIEKTPOCKOMIYHOTO i KOJOPUMETPUYHOTO BUBYEHHS MipoO-
KCEHIB i3 METaCOMaTUYHO 3MiHEHUX KJIiIHOMIPOKCEHITiB, KPUCTAJIYHUX CJIAHILiB, MiPOKCEHBMICHUX MIrMATUTIB IpaHi-
TOBOTO, TOHAITOBOTO Ta TPAHOCIEHITOBOTO CKJIay, CIEHITIB Ta JIY>KHUMX Ci€HITiB (heHITOBOTO OpeoTy MiBHIYHOI iISTHKI
PO3MOBCIOMIKEHHSI YEPHITiBCbKOTO KapOOHATUTOBOIO KOMILIEKCY Ta i3 HE3MiHEHUX BMICHMX IMOpil oro rHeicoBo-
MirMaTUTOBOI paMu. BcTaHOBIEHO, 110 CHEKTPOCKOIMIYHI XapaKTepUCTUKHU, 3a0apBAEHHS i MJIEOXPOi3M MiIPOKCEHIB 3y-
MOBJICHI TIPUCYTHICTIO Ta CIIiBBiTHOLIEHHAM y KPUCTANYHIil CTPYKTYpi pi3HOBaJleHTHUX ioHiB 3amiza Fe?t i Fe’', axi
3YMOBITIOIOTH TIOSIBY CMYT TIOTJIMHAHHST KPUCTAIITHOTO TTIOJIST (CMYT €JIeKTPOHHUX dd-TIepeXOiB) i CMYT TIEPEHOCY 3apsity
Fe?* — Fe*'. Byno BusABIeHO, 10 Mo3ullis M2 B TOCTIKEHNX KIHOMIPOKCEHaX Maiike IIOBHICTIO 3allOBHEHA iOHAMM
KaJIBLIIO Ta HATPIIO Y TOM Yac, 9K ionn Fe?™ B 0CHOBHOMY 3aiiMaloTh CTPYKTYpHY KaTioHHY mo3uwio M1. Tum He MeHIIe,
HABITb BiIHOCHO HEBEJINKA 4YacTKa ioHiB Fe?"(M2) cyTTeBO BIUIMBAE Ha XapakKTep ONTUYHOTO MOIIMHAHHS y ONVDKHIA
indpavyepBoHiil obmacti. KomopumerpuaHe MoCimKeHHST 3epeH MipOKCeHy 3 AesIKUX Topin opeosry deHiTu3alii gamo
3MOl'y BU3HAYUTHU Pi3HUI XapakTep 3a0apBiIeHHS Ta HACUYEHOCTI, 1110 0OYMOBJIEHO Pi3HUM BMIiCTOM 3ajli3a i CTyleHeM
JIOTO OKMCHEHHSI.

Knrouosi croséa: YkpaiHcbKkuil UT, YepHiriBcbkuii KapOOHATUTOBMII MacuB, (DEHITOBUII Opeosi, MPOKCEHU, ONMTUYHA
CIIEKTPOCKOITisl, KOJTOPUMETPUYHI TOCTiIKEHHSI.
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ONTUKO-CINHEKTPOCKOIMTNMYECKOE 1 KOJIOPUMETPUYECKOE
NCCIEOOBAHUE ITMPOKCEHOB U3 ®EHUTHU3NPOBAHHLIX [TOPO/]
YEPHUTOBCKOI'O KAPBOHATUTOBOI'O MACCHBA ITPUA30BbA

B uccrnenoBaHMsX KapOOHATUTOBBIX KOMILICKCOB IJIaBHOE BHUMaHME yIEJICHO M3yYeHUI0 MMEHHO KapOOHATUTOB U
CBSI3aHHBIX C HUMU Pa3IMYHBIX CIMKATHBIX MAarMaTUYECKUX ITOPOJI, TOLIAa KaK IopoaaM opeosioB heHUTHU3alu, BCerna
COIPOBOXAAIOIIMM KapOOHATUTOBBIE KOMILIEKCHI M CTYKAIMX MOIITHBIM ITOMCKOBBIM KPUTEPUEM, YIEIEHO 3HAUYUTETbHO
MeHblle BHUMaHMs. [{J1s1 paclIMpeHus: CIoco00B MPOTHO3MPOBAHUS U IMOKMCKA KapOOHATUTOB B IIpeiesiaXx YKPaunHCKOro
LIUTA BBIMOJIHEHO M3YyYeHUE BIMSHUS IIEIOYHBIX (DEHUTU3UPYIOIIMX PACTBOPOB Ha CIEKTPOCKOIMMYECKKE TTapaMeTphl,
XapakTep OKPaCKH M TUICOXPOM3M ITOPOI000pa3yIoluX MUHepaaoB. B aToil paboTe mpeacTaBiIeHbl Pe3yIbTaThl ONTUKO-
CIIEKTPOCKOIIMYECKOrO0 M KOJOPUMETPUUYECKOrO M3YYeHMsI MUPOKCEHOB M3 METAaCOMAaTUYEeCKHM M3MEHEHHBIX KJIMHO-
MUPOKCEHUTOB, KPUCTAJUIMUECKUX CIaHIIEB, TUPOKCEHCOAEPKAIIMX MUTMATUTOB I'PAHUTOBOIO, TOHAJTUTOBOIO M IPAHO-
CHEHHMTOBOIO COCTaBa, CUEHUTOB U INEJIOYHBIX CMEHUTOB (DeHUTOBOIO Opeosia CEBEPHOIO yJacTKa PacIpOCTpaHEHUS
YepHUTOBCKOTO KapOOHATUTOBOIO KOMILIEKCA M M3 HEM3MEHEHHBIX BMEILAIOLINX TTOPOJ €ro THEHCOBO-MUTMAaTUTOBOM
paMbl. YCTaHOBJICHO, YTO CIIEKTPOCKOIMMYECKUE XapaKTepUCTUKH, OKPacKa U IUIEOXPOM3M ITUPOKCEHOB, 00YCIOBICHHBIE
NPUCYTCTBUEM U COOTHOLIEHUMEM B KPHUCTAUIMYECKOH CTPYKTYpe PasHOBAJIEHTHBIX MOHOB kenesa Fe’™ u Fe’t,
00YCTIOBIMBAIOLIUX MOSIBJICHNE KaK MOJOC MOMIOIIEHUST KPUCTALINYECKOTO TMOJIsl (ITOJI0C 3JeKTPOHHBIX dd-MepexoioB),
TakK ¥ noJjoc nepeHoca zapsna Fe?t — Fe?". Bouio o6HapyxeHo, 4To no3uuus M2 B rcciieJOBaHHBIX KIIMHOITUPOKCEHAX
MOYTH TMOJHOCTLIO 3alOJIHEHA MOHAMM KaJlbLUMA M HATpUsl B TO BpeMs, Kak MOHbl Fe2', B OCHOBHOM, 3aHMMAIOT
CTPYKTYPHYIO KATUOHHYIO rTo3uumio M1. Tem He MeHee, Jaxke OTHOCUTENILHO HeOOJIb1Ias yacTh MoHoB Fe2™ (M2) cymiect-
BEHHO BJIMSIET HA XapaKTep ONTUYECKOIo MOIIOIIeHUs B OyIKHel nHGbpakpacHoii obnact. KogopumeTpruieckoe nuccie-
JIOBaHUE 3epeH MUPOKCEHA U3 HEKOTOPBIX MOPOJI OpeoJia (e HUTU3ALIMU 1aI0 BO3MOXHOCTb YCTAHOBUTD Pa3HbIi XapakTep
OKPaCKM U HACBIILIEHHOCTH, YTO OOYCIOBICHO Pa3HBIM COepKaHUEM 3Kejie3a U CTEIEHbIO €r0 OKMCICHUS.

Knouesvie crosa: YkpanHckuii mut, YepHUTOBCKMIT KapOOHATUTOBBIN MacCUB, (DEHUTOBBIN OpeoJI, TMPOKCEHBI, ONTH-
YyecKast CIIeKTPOCKOTHST, KOTIOPUMETPUIECKIE UCCIIEIOBAHMS.
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