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THE STUDY OF THE ORE BODIES ZONALITY BY COMPOSITION
OF OLIVINE IN THE CHROMITE DEPOSIT NO. 219 OF THE VERKH-

NEYVINSKY MASSIF (MIDDLE URALS)

A. V. Alekseev

M3YYEHUE 30HAALHOCTU PYAHLIX TEA MO COCTABY OAMBUMHA
B XPOMUTOBOM MECTOPOXXAEHMU N2 219 BEPX-HEMBUHCKOTO
MACCUBA (CPEAHUM YPAA)

A. B. ArekceeB

PaccMoTpeHa XPOMMTOHOCHAsi pyAHasl 30Ha Ha mectopoykaeHumm N° 217 ioxHoli yactm Bepx-HelBMHCKOTO MaccuBa, CAOXKEHHasi AYHWTaMM C BKPamnA€HHLIMU
XPOMMUTOBLIMU pPyAamu. PyAHast 30Ha MMEET BbIAEPKaHHYIO MOIIHOCTL OKOAO 50 M, MEPUAMOHAALHOE MPOCTUPaHMe 1 rnaseHne 35°. XpoOMUTOBLIE PYALI XapaKTepU3yoTcst
YETKO BLIPAKEHHOM MOAOCHATOCTBIO, SAEMEHTLI 3AAETaHMS KOTOPOJi B TOYHOCTM MOBTOPSIIOT SAEMEHTbI 3aAETaHMsl PYAHOV 30HbI B LEAOM. TTOA pyAHO# 30HO 3aneraet 6AOK
AYHWTOB C MPOXXMAKOBO-BKPANAEHHLIMM XPOMUTOBLIMUA PyAaMu. B LieAOM pyAHasi 30Ha paccMaTpyBaeTcs HaMmM Kak TUMMYHOE MO3AHEMarMaTMyeckoe MeCTOPOXKAEHME.
[oBbILEHHbIE KOHLEHTPALMM XPOMIINMHEAMAA (POPMUPYIOT PYAHLIE TEAQ, MPUTOAHLIE AASI IPOMBILIAEHHO OTPABOTKM.

M3y4aroch M3MEHEHME XMMMYECKOTO COCTABA XPOMIIMMHEAVAA M OAVBMHA BKPECT MPOCTUPAHMSI PYAHOV 30HE. XPOMIIMMHEAMA MO COCTaBY BLICOKOXPOMMCTLIN, CAAGO
METaMOPU30BAHHDLIM, MMEET BLIAEPXKAHHLIM COCTAB MO BCEM PYAHOV 30HE. 10 JKEAE3UCTOCTV OAMBMHA HABAIOAAETCS YETKO BbIPAYKEHHAS! 30HAALHOCTb OT MAKCUMAABHBIX
3HAYEHUI Ha Kpasix 30Hbl (7-8 % Fa) A0 MMHUMAALHLIX B LeHTpe (3—4 % Fa). [oAo6Hasi 30HAALHOCTL HA YPAALCKMX MECTOPOXKAEHMSIX XPOMMUTOBLIX PYA BbISIBAEHA
Brepsbie. [1o HaemMy MHEHMIO, MPUYMHA MOSIBAEHNMS TAKOW 30HAALHOCTM 3aKAIOHAETCS1 B MEPBUYHOM MePEePacrnpeAeA€HU BEIIECTBA NMPU KPUCTAAAU3ALIMKM XPOMUTUTOB
13 OCTaTO4HOTO pacrAasa.

Take B M3y4eHHbIX OOpasLax MOBCEMECTHO HABGAIOAAETCS MHOTOKPATHO OMMCAHHOE SIBAEHME MOCTKPUCTAAAM3ALIVOHHOMO MEPEPACTPEAEAEHMSI KEAE3A MEXKAY
COCYLIECTBYIOWMMM 3EPHAMM OAVBMHA M XPOMUWMMHEAMAA. Kak 1 B APYTMX OMMCAHHBIX B AUTEPATYPE CAYHAsIX, MEPEPACTIPEAEAEHNE HABAIOAAETCS! B Y3KOM KOHTAKTOBOA

30He 06oux MWHEPAAOB.

KatoueBbie croBa: Bepx-HemBMHCKMI MaccyiB; XPOMUTOBLIE PYADI; XPOMIINMHEAVA; OAVIBVH; 30HAALHOCTb; PYAOHOCHAs 30Ha.

The author considers chromite-bearing ore zone at deposit No. 217 of the southern
part of the Verkh-Neyvinsky massif composed of dunites with disseminated chro-
mite ores. The ore zone has a sustained thickness of about 50 meters, a meridional
strike and a dip of 35°. Chromite ores are characterized by the clearly defined band-
ing, the elements of occurrence of which exactly repeat the elements of occurrence
of the ore zone as a whole. Under the ore zone, there is a block of dunites with
vein-disseminated chromite ores. In general, we consider the ore zone as a typical
late-magmatic deposit. Increased concentrations of chromospinelide form the ore
bodies that are suitable for industrial processing.

The study covers a change in the chemical composition of chromospinelide and
olivine along the strike of the ore zone. Chromospinelide has a high chromium com-
position, slightly metamorphosed, and its composition is consistent throughout the
entire ore zone. The iron content of olivine shows a clearly defined zonality from
the maximum values at the edges of the zone (7-8 % Fa) to the minimum values
at the center (3—4 % Fa). This is the first occurrence of corresponding zonality in the
Ural deposits of chromite ores. In our opinion, the reason for the appearance of
such zonality is in the primary redistribution of matter during the crystallization of
chromites from the residual melt.

In addition, in the studied samples, one can observe the repeatedly described phe-
nomenon of post-crystallization redistribution of iron between the coexisting grains
of olivine and chromospinelide. As in other cases described in the literature, redis-
tribution happens in the narrow contact zone of both minerals.

Keywords: The Verkh-Neyvinsky massif; chromite ores; chromospinelide; olivine;
zonality; ore zone.

brief description of the massif and chromites
The Verkh-Neyvinsky massif is one of the least
studied chromite-bearing massifs in the Middle Urals.
At the same time, the chromite industry of Russia “originated” on it.
Here were the very first chromite mines in the Urals (1880s), the re-
mains of which one can still observe today.

The massif has a complex geological structure. It has a drop-
shaped form, ranging from 10 km wide in the north to 1-2 in the
south, containing the rocks of the Sjuzel, Kirovgrad and Kungurk
suites, the contacts of the massif with them are tectonic with a dip to
the east at angles of 55-80°. The northern part of the massif is mainly
composed of dunites, which contact in the north and east with a gab-
broid massif. Along the contact develops a thick zone of clinopyrox-
enites with subdued verlites and olivine clinopyroxenites. The south-
ern part of the massif is also represented by an extended dunite body,
clamped between the clinopyroxenite and the bandings. According to
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geophysical data, the ultrabasites form a layer-like deposit underlain
by gabbroids, the vertical thickness of which reaches 5 km.

A lot of chromite deposits have been identified (and for the most
part worked out) on the massif, some of them are single bodies chaot-
ically scattered along the massif, but the bulk of them concentrates in
two ore fields. The northern field is the Leshachie ravines (26 chromite
displays and deposits), represented by numerous lenticular bodies of
solid, less often disseminated ores, and usually worked to a depth of
up to 60 m. The distribution of deposits is chaotic, with no appar-
ent reference to any geological structures. The southern field is the
Sharomsky Mountains (10-12 objects), represented by lenticular and
tabular deposits with a predominance of disseminated mineralization.

Both ore fields have similarities in geological structure. They are
confined to the marginal dunite-clinopyroxenite complex (DC), ore
bodies occur in dunite blocks, by composition chromites have high
chromium content, metallurgical varieties, and are generally suscepti-
ble to weakly expressed processes of secondary changes. The Sharomsky
field is much smaller (dunite block area is smaller) than Leshachie, so
the chromite bodies are smaller, and disseminated ores predominate.

The material for this study

During several years of work, we accumulated a rather large amount
of stone material for the chromite deposits of the massif. In the north-
ern group of deposits (Leshachie ravines), we mostly studied abandoned
quarries, the remains of ore bodies were rare, most of the material was
from dumps or remaining uncovered walls. In the southern group (Zhu-
zhinsky Mountains), we conducted active prospecting and mining oper-
ations for several years, so the accumulated material is highly representa-
tive and mainly includes core samples for ores and enclosing rocks.

Overall, a study covers material from 15 wells crossing ore bod-
ies. Of these, a large part (7 wells) is for deposit No. 219.

Objectives. The main objective of this research was to study the
structure of chromite bodies with the search for an explicit or hid-
den zonality in composition. To this end, we studied structures and
textures of ores, contacts with host rocks, and selected series of ore
samples intersecting ore bodies for successive production of polishes
and thin sections with their description.
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Figure 1. Schematic map of the Verkh-Neyvinsky Massif (A) and the section Zhuzhinsky Mountains (B). 1 — clinopyroxenites with subordinate bodies of verlites;
2 — dunites and apodunite serpentinites; 3 — valleys of rivers and streams, covered with a mantle of quaternary sediments; 4 — old and current chromite ore quarries;

5 — tectonic contacts; 6 — assumed tectonic boundaries.

For the most thoroughly studied (drilled by a dense network of
wells) deposit No. 219, we obtained a large volume of microprobe ana-
lyzes for coexisting olivine and chromospinelide in order to search for
the internal zoning of chromite bodies in terms of the composition of
the minerals.

Previous studies on this topic

The first consideration of the search for hidden zonality in chro-
mite bodies appeared in the works of Tsaritsyn [8], who showed a
change in chromicity in the ore bodies of the Kempirsaysky massif
from the center to the edge of the deposit. Later, zonality in chromite
bodies by the composition of the ore chromospinelide was covered

by various examples in the works of Ukhanov [7], Chashchukhin [9]
Alekseev [1], et al. In general, all researchers note a pronounced zon-
ality, consisting in the chromicity increase of the ore chromospinelide
from the edge of the ore body to its center. In addition, there is a gen-
eral increase in the chromium content of the mineral as the density of
dissemination of ores increases.

The structure of the studied deposit

Earlier we already considered in detail the structure of the
ore-bearing zone of deposit No. 219 [2]. We showed that the ore-bear-
ing zone is a layered body with clearly delineated boundaries. The
host rocks are represented by serpentinized dunites with a ferrugi-
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Figure 2. Geological section along the ore zone of deposit No. 219 and change in the composition of olivine along well No. 25. 1 — apodunite serpentinites and
serpentinized dunites; 2 — weakly serpentinized dunites; 3 — ore bodies separated by contouring data (border 15% Cr,0,); 4 — zone of weathering and soil-vegetation
layer; 5 — exploratory wells; 6 — boundaries of the ore zone; 7 — elements of the banding of ores; 8 — elements of occurrence of the ore zone; 9 — sampling points along
the well (a) and the range of variation in the iron content of the olivines measured in them (b).

nous content of 7-8 %. The ore zone has a reduced iron content of
ore-bearing dunites (3-5 %) and a characteristic light color (clarified
dunites). Below the ore zone, there is a zone of vein mineralization in
the form of thin (up to the few meters) veins of clarified serpentinites
with chromite mineralization.

The chromites in the ore zone are characterized by banded tex-
tures; the elements of occurrence of banding always correspond to the
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elements of occurrence of the zone as a whole. The distribution of chro-
mospinelide within the zone is rather chaotic. The results of contouring
along the side content distinguish the ore bodies; they have a lenticular
shape, the strike as a whole coincides with the strike of the zone.

After the extraction of the ore zone of deposit No. 219, we at-
tempted to find some zonality in the composition of the minerals
within it. Since the only primary minerals are olivine and chromo-
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Figure 3. Change in the ferruginousness of coexisting olivine and chromospinelide by microsections of samples No. 23/50.5 (a), 25/130.0 (b) and 24/44.5

(c). Note. The arrows show changes in the iron content of olivine from the center of the grain to the edge. The lines show the trend of the olivine compositions changes
as it approaches the grain of chromospinelide.
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spinelide, they were a focus of the study. In Fig. 2, one can see the
most representative section of the ore zone. Of the samples from all
the wells, the number of samples and the data obtained from well No.
25 turned out to be the largest and most successful for analysis.

Description of chromites. Incipient and banded textures predominate
in ores with an ore mineral content ranging from 5-10 to 20-25 %. The
shape of the chromospinelide grains is distinctly idiomorphic (octa-
hedral), splices or irregular forms of selections are much less com-
mon. The grain size of chromospinelide varies from 0.2-0.3 mm to 1
mm. Herewith, generally, there is no predominant grain size for each
sample. Usually there are large grains surrounded by a scattering of
smaller ones. The dependence of the grain size on the density of im-
pregnation exists (in dense and massive ores the grain size is larger
than in the poor ones), but it is very weak.

Virtually all ores are more or less susceptible to secondary pro-
cesses of substitution of chromospinelide by magnetite. Microscop-
ically it appears in the form of development of the clarified (chro-
mium-magnetite) sections along the primary chromospinelide. The
amount of chromagnetite varies from 3-5 to 20 %, in poor ores it is
higher than in rich ones. Incidentally, there is one significant differ-
ence in the pattern of the changes in chromospinelide in comparison
with the ores of other massifs. Chromagnetite is distributed over the
grains in the form of irregularly shaped spots without a clear confine-
ment to grain boundaries or cracks. The reason for such a chaotic re-
placement of chromospinelide is still unclear.

The primary (unaffected) chromospinelide is characterized by a
rare consistency of the composition throughout the span of the ore
zone. The fluctuations in the contents of the main components are
very insignificant. There was no detected change in the composition of
the ore chromospinelide across the ore zone. Instead, one can see the
repeatedly described [7] dependence of the content of basic elements
in chromospinelide from the density of dissemination: as the density
of dissemination of ores increases in chromospinelide, the proportion
of chromium increases due to a proportional decrease in the content
of magnesium and aluminum. The example of a microsection along
one of the samples clearly shows it (Fig. 3, a).

Characteristics of olivine. Olivine in the ore is partially ser-
pentinized (from 50 to 80 %), but one can find fresh relics in all sam-
ples. Olivine grains are round, with a size of 0.5-0.6 mm. Olivine is
characterized by a thin primary dissemination of early magnetite [9].

On the graph of the change in the iron content of olivine across the
ore zone (see Fig. 2) appears a rather beautiful curve of its gradual de-
crease from the boundaries of the zone to its center. However, when go-
ing to the lower level, the analysis of the change in the ferruginousness
of olivine within a single sample elucidates other regularities (Fig. 3).

Fig. 3 shows some of the most informative microsections of 2-3
cm length by samples of ores (a, b) and rocks (c) with measurements
of olivine and chromospinelide compositions at different points. Dis-
torted horizontal scale in the drawings is for convenience of presentation.

It is clear that the iron content of olivine is fairly well sustained
in the range of 5-6 % and sharply decreases on contact with the grain
of chrome spinel to 3-4 %, i.e. redistribution of components between
minerals is carried out mainly in a narrow contact part with the width
of the first parts of mm. Different papers [3] repeatedly described ear-
lier this phenomenon was. If we consider olivine inclusions in chro-
mospinelide, the picture is similar, and the width of the zone with
iron redistribution remains unchanged. In relatively coarse grains-in-
clusions, the central part has a ferruginous content at the level of the
same 5-6 % Fa, and a decrease occurs at the contact with the chro-
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mospinelide-bearer. Small grains (up to 0.2-0.3 mm) have a low iron
content of 3-4 Fa over the entire area. The same applies to the reverse
picture — the contact of the accessory grain of chromospinelide and a
large grain of olivine (Fig. 3, ¢). Redistribution of elements between
coexisting grains goes in a narrow contact part.

After reconsidering the distribution of iron content of olivine over
the ore-bearing zone as a whole, according to this data, the primary
curve of the change in the iron content of olivine in Fig. 2 somewhat
smoothens, since in sample No. 71.5 we analyzed only olivine inclusions
with minimal iron content. Nevertheless, its general form remains.

Conclusions

The ore-bearing zone of deposit No. 219 has a pronounced zona-
tion by the change in the iron content of olivine from 7-8 % Fa at its
boundaries to 3-4 % Fa in the center. The studied samples widely dis-
play already known phenomenon of post-crystallization redistribution
of iron between coexisting grains of olivine and chromospinelide. We
emphasize that it occurs only in a narrow contact zone of both minerals.

The reason for the appearance of such zonality in the composition
of olivine is still unclear. Probably, this is a reflection of processes during
the formation of the ore zone - crystallization of the residual melt.

The research was carried out with the support of research work No.
1201257647 “Geochemical factors of the origin and evolution of endog-
enous ore-forming systems of folded regions”.
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