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Iron- and nickel enriched olivine from phlogopite 
harzburgite of the Bug granulite complex (Ukrainian Shield)

An abundance of the trace elements has been determined in olivine of the Achaean spinel-bearing phlogopite harzburgite enclave 
(sample UR17/2) from the Bug granulite complex of the Ukrainian Shield by SIMS analysis. Major elements were analyzed in 
the olivine by SEM-EDS and EPMA analysis. The olivine shows a homogeneous chemical composition: MgO  — 45.20- 
45.64 wt.%, FeO — 13.66-14.23 wt.%, with Fo85-86 and Fe/Mn ratio of 68.3-68.6 which corresponds to the ratio of 60-70 in 
olivine of peridotites. Ni content in the UR17/2 olivine ranges from 4730 to 5612 ppm, which is higher than in olivine  
from mantle peridotites, high magnesium OIB and Hawaiian picrites. The olivine has average content of Ti — 20.6 ppm, Nb — 
0.03 ppm, Zr — 0.32-0.60 ppm, the low total REE (0.1-0.5 ppm). The olivine crystallization temperature, calculated using  
an Al-in-olivine thermometer, corresponds to ~900 °C. Enrichment in Fe and Ni is the main feature that distinguishes the  
UR17/2 olivine from other mantle-derived olivine. Composition of the UR17/2 olivine and host harzburgite indicates an influence 
of T, P, the oxygen fugacity and composition of parent magma on the partition coefficients of Fe and Ni. Composition and structure 
(degree of polymerization) of magma are the main factors responsible for the olivine enrichment by iron and nickel.
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IRON- AND NICKEL ENRICHED OLIVINE FROM PHLOGOPITE HARZBURGITE

Introduction. Olivine is one of the major rock-
forming mineral of igneous rocks and one of the 
most abundant minerals of on our planet. Due to 
well-known relationships between composition 
and T, P and oxygen fugacity parameters of crystal-
lization, olivine is the most important indicator of 
petrological processes [17, 30, 47 and others]. In 
this study, we consider olivine from Archaean  
Spl-bearing phlogopite harzburgite (UR17/2) which 
has unusual composition: increased content of 
Fayalite (Fa)-end-member and a high content of 
Ni; this composition is not common for olivine of 
ultramafic rocks [17].

The purpose of the study is to reveal possible 
petrological conditions of the iron- and nickel-
enriched olivine formation from the phlogopite 
harzburgite of the Bug granulite complex on the 
base of a detailed investigation of the olivine com-
position, including minor, trace and rare earth  
elements.

A brief description of Spl-bearing phlogopite 
harzburgite UR17/2. Spinel-bearing phlogopite 
harzburgite composes a small lenticular inclusion 
within gneissic enderbite of the Bug granulite com-
plex in Odessa quarry located on the right bank of 
the South Bug river (N 49°13´56´´; E 29°59´13.5´´). 
Structural observations and a hybrid contact with 
the host enderbite suggest the intrusive nature of 
the UR17/2 harzburgite [29]. The UR17/2 lens  
is a fragment of a deformed dike. U-Pb (SIMS 
SHRIMP II) zircon age of the UR17/2 inclusion  
is 2814 ± 51 Ma [29]; the age of the host gneissic 
enderbites is much older — 3.60-3.75 Ga [3, 7, 25, 
28, 44]. The inclusion of the Spl-bearing phlogo-
pite harzburgite has a thin (8-10 cm) phlogopite 
orthopyroxenite border on a contact with the en
derbite. The upper part of the lens metamorphosed 
to Pgs-Pl orthopyroxenite (Fig. 1 in [29]). The 
modal composition of the UR17/2 harzburgite is 
following: Ol — 69%, #mg 0.85; Opx — 18%, #mg 
0.86; Cpx — 3%, #mg 0.92; Phl — 9%, #mg 0.92; 

Spl — 1% and minor sulfides, Zrn, Srp, Mag, Carb, 
Ap. Sulfide content is <1% and therefore does not 
particularly affect the nickel balance.

Analytical techniques. The major element com-
position of olivine was determined by a scanning 
electron microscope equipped with an energy dis-
persive system (SEM-EDS) as well as electron 
probe microanalysis (EPMA) at the Institute of 
Precambrian Geology and Geochronology of Rus-
sian Academy of Sciences. SEM-EDS analyses 
were obtained using a scanning electron micro-
scope JEOL JSM-6510 LA with an energy disper-
sive system JED-2200. The operating conditions 
were 20 kV accelerating voltage, a beam current of 
1.5 nA, and a beam of 1-2 μm in diameter. EPMA 
measurements were conducted on a JXA-8230 with 
two-wavelength dispersive spectrometers, using ac-
celeration voltage of 20 kV and a sample current of 
20 nA. Corrections for matrix effects were calcu-
lated using the ZAF method. The standards for X-
ray microanalysis M.A.C. Ltd.: olivine (Si and 
Mg), olivine-hortonolite (Fe), orthoclase (Al), di-
opside (Ca), spessartine (Mn), TiO, pure metals Cr 
and Ni. The results are given in Table 1. FeO and 
MgO contents obtained using SEM-EDS and 
EPMA are identical.

Measurements of trace elements in the olivine 
were conducted at the Yaroslavl branch of the In-
stitute of Physics and Technology of Russian Aca
demy of Sciences using a Cameca IMS-4f ion mic
roprobe. Analytical procedures are mainly des
cribed in [2, 36]. The size of the analytical crater 
was about 20 μm. Each analysis was averaged over 
3 cycles of measurements. Concentrations of trace 
elements were calculated from the normalized to 
30Si+ secondary ion intensities using calibration 
curves based on a set of reference glasses [19]. Par-
ticularly, a NIST-610 reference glass [40] was used 
as a daily monitor for trace element analyses. Ac-
curacy of the trace element measurements is up to 
10% for concentrations higher than 1 ppm and up 

Table 1. Average concentrations of major and minor elements in olivine  
of the spinel-bearing phlogopite harzburgite UR17/2

Sample n Fo SiO2 TiO2 Al2O3 FeO Cr2О3 MnO MgO NiO

UR17/2 * 47 86 40.03 b.d.l. b.d.l. 13.66 b.d.l. 0.17 45.77 b.d.l.
UR17/2-2I ** 11 86 40.36 b.d.l. b.d.l. 13.66 b.d.l. 0.20 45.64 0.50

UR17/2-2II ** 13 86 40.76 b.d.l. b.d.l. 13.72 b.d.l. 0.20 45.55 0.50

* — measurements were carried out in five harzburgite samples (UR17/2 UR17/2-2b, UR17/2-2v, UR17/2-2I, UR17/2-
2II) by the SEM-EDS method; ** — measurements were made on an electron probe microanalyzer, n — amount of measured 
points, b.d.l. — below the sensitivity threshold of the method.
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to 20% for the concentration range 0.1-1 ppm, re-
spectively. The measurements were made for 5 
grains extracted from the rock (Table 2, 1-5) and 
for 4 olivine grains in a transparent-polished thin-
section (Table 2, 6-9).

Results. 1. Olivine morphology. The olivine forms 
large grains (up to 1 mm) with rare spinel (chro-
mite) inclusions; the grains are fractured. Along 
with the net of cracks, olivine is replaced by ser-
pentine and magnetite, the serpentinization is rather 
weak (Fig. 1). The trace of deformation is also seen 
in pyroxene and phlogopite. Here and there phlogo-
pite laths flow around the olivine grains. 

2. Composition of olivine: Fe/Mg ratio. The olivi
ne composition was measured at 47 points across 
five samples of the UR17/2 harzburgite by SEM-
EDS method and two samples by EPMA method. 
The olivine has a homogeneous chemical composi-
tion: MgO — 45.20-45.64 wt.%, FeO — 13.66-
14.23 wt.%, Fo85-86 and the constant Fe/Mg ratio 
(Table 1). Elevated content of fayalite molecule 
(14-15%) is not common for mantle olivine and its 
derivatives [17 and references therein].

3. Trace elements. Trace elements in olivine can 
be divided into three groups depending on their 
compatibility in olivine [8].

Group 1: Mn, Ni, Co. Olivine is the main concen-
trator of these elements. The MnO content in the 
UR17/2 olivine (0.2 wt.%, Table 1) is slightly high-
er than in olivine of upper mantle xenoliths from 
alkaline basalts (0.12-0.14 wt.%, [50]). On the  
other hand, the Fe/Mn ratio 68.3-68.6 (Table 1) 
corresponds to that in olivine from xenoliths of spi-
nel lherzolites and corresponds to the ratio (70-60) 
in olivine of peridotites in general [16]. The  
specific feature of the UR17/2 olivine is the ele

Fig. 2. Fo vs Ni content (a) and Fo vs FeO/MnO ratio (b) in 
the UR17/2 olivine (1) and in olivine of the other objects:  
2 — average values of ultramafic enclaves of the Bug comp
lex (UR22/12, UR150); 3 — average value (n = 19) of 
phlogopite harzburgite of the Nemirovskaja intrusion [48]; 
4 — Aleksandrovskaja intrusion from Middle Dnieper 
province of the Ukrainian Shield [42]; 5 — ultramafic 
enclaves in gneisses, South East Greenland [13]; 6 — 
peridotite enclaves in alkaline basalts [50]; 7 — komatiites 
of the greenstone belts of Canada and South Africa [39, 45]; 
8 — MORB; 9 — Islandian lava (the lithosphere thickness 
less 70 km); 10 — LIP in Pacifik and Atlantic islands, LIP 
of China (the lithosphere thickness more 70 km); 11 — 
picrites of Hawaiian islands and LIP of the Norilsk area. 
8-11 — after [45]. The line in Fig. (a) for calculated olivine 
compositions from olivine-fractionated derivative liquids 
with 30% MgO after [16]

Fig. 1. (a) Thin section image of sample UR17/2-2I cracks 
in olivine and pyroxenes. (b) BSE-image of the UR17/2 
harzburgite the development of serpentine and magnetite 
along cracks in olivine
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vated Ni content (Tables 1, 2), which varies from 
4730 ppm in the olivine from the harzburgite inclu-
sion center to 5612 ppm in the olivine, located 
closer to the contact with the orthopyroxenite bor-
der. The average Ni content measured in grains by 
the SIMS method is 5206 ppm (Table 2). Direct 
dependence of Ni content in olivine on MgO con-
tent in the melt (DNi

Ol/m) has been established [17]. 
The inverse relationship takes place in the UR17/2 
harzburgite: the observed Ni content is inconsis-
tent with its low magnesia (Fig. 2). The 100 Ni/Mg 
ratio (1.89) in the UR17/2 olivine is higher than 
that in olivine of peridotite xenoliths (1.05) from 
alkaline basalts [50] and higher than in olivine of 
oceanic basalts (0.75-1.15; [50]). The Co content 
in the UR17/2 olivine also increases from the  
harzburgite inclusion center (157 ppm, Table 1) to 
the border with the hybrid orthopyroxenite rim 
(236 ppm). These values are higher than in olivine 
of mantle rocks (105 ppm [8]) and close to that in 
olivine of mantle xenoliths from alkaline basalts 
(140-150 ppm; [50]). The Co content in the whole-

rock UR17/2 (142-184 ppm [17]) is also higher 
than that in PM. Accordingly, the Ni/Co ratio (28-
37) in the UR17/2 is higher than the ratios in chon-
drites and BSE (20-22) [45].

Group 2: Ca, Al, Cr, V. The Ca content in the 
UR17/2 olivine varies insignificantly — from 3328 
to 4312 ppm (Table 2), the average value —  
3774 ppm. It is some higher than the Ca content 
(0.11-0.17 wt.% CaO) in olivine of mantle xe
noliths from alkaline basalts [50]. The Al con- 
tent (56.7-92.8 ppm, Table 2) is close to that in 
olivine from mantle xenoliths. The crystallization 
temperature of olivine was calculated using an  
Al-in-olivine thermometer [6] and is ~900 ºС. The 
Ca/Al ratio (37-74) is close to that in olivine of 
peridotite xenoliths and significantly higher than  
in olivine of oceanic basalts [45]. The average Cr 
content in the UR17/2 olivine (388 ppm, Table 2) 
is close to that in olivine from oceanic basalts 
(MORB), and less than that in olivine of interplate 
basalts (OIB, LIP) [45] and mantle xenoliths [50]. 
The V content in the olivine (average 13.5 ppm, 

Table 2. Concentrations of trace elements and REE in olivine of the spinel-bearing phlogopite harzburgite UR17/2

Order number 1 2 3 4 5 6 7 8 9

Grain 1 2 5 23 25 1 2 3 4

Al 92.8 63.7 56.7 58.5 76.1 nd nd nd nd
Ca 3419 3328 3894 4312 3915 nd nd nd nd
Ti 20.4 22.3 27.1 24.2 28.9 10.4 16.4 23.4 13.9
V 6.42 13.0 14.4 18.9 14.9 11.1 12.8 12.4 10.4
Cr 336 349 405 454 394 347 468 413 339
Ni 4730 5575 4858 5149 5612 nd nd nd nd
Rb 1.79 2.30 2.08 2.31 2.72 nd nd nd nd
Sr 0.87 1.02 1.09 1.45 1.51 2.35 2.63 1.16 2.60
Y 0.049 0.117 0.134 0.494 0.082 0.179 0.119 0.118 0.257
Zr 0.366 0.456 0.321 0.733 0.325 0.596 0.545 0.359 0.597
Nb 0.025 0.024 0.014 0.033 0.034 0.023 0.027 0.018 0.032
Ba 0.075 0.158 0.179 0.379 0.269 nd nd nd nd
Hf 0.051 b.d.l. b.d.l. 0.034 0.055 nd nd nd nd
La 0.017 0.034 0.012 0.315 0.022 0.052 0.011 0.016 0.031
Ce 0.027 0.101 0.015 0.464 0.040 0.283 0.182 0.088 0.224
Pr b.d.l. 0.007 0.006 0.034 b.d.l. nd nd nd nd
Nd b.d.l. b.d.l. b.d.l. 0.156 b.d.l. b.d.l. 0.057 0.031 0.070
Sm b.d.l. 0.038 b.d.l. 0.041 b.d.l. 0.014 0.009 0.013 0.038
Eu 0.022 0.005 0.005 0.013 0.008 0.003 0.006 0.007 0.005
Gd b.d.l. 0.012 b.d.l. 0.104 0.027 0.035 0.013 0.022 0.024
Dy b.d.l. 0.023 0.018 0.057 0.018 0.020 b.d.l. b.d.l. 0.021
Er b.d.l. 0.033 0.021 0.027 0.031 0.020 b.d.l. 0.062 0.031
Yb 0.031 0.048 0.060 0.155 0.038 0.015 0.046 0.056 0.064
Lu 0.010 0.011 0.007 0.017 0.011 nd nd nd nd

N o t e. b.d.l. — below the sensitivity threshold of the method, nd — not determined.
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Table 2) is two times more than in olivine from 
mantle xenoliths. It corresponds to the higher iron 
content in the UR17/2 olivine.

Group 3: Ti, Zr, Nb, Y. The Ti content in the 
olivine is low (average value 20.6 ppm; Table 2) and 
corresponds to that in the olivine of mantle xeno-
liths. The Zr content in olivine is 0.32-0.60 ppm, 
the average Nb content is 0.03 ppm (Table 2); these 
values are an order of magnitude higher than the Zr 
and Nb contents in olivine of mantle xenoliths 
from alkaline basalts. The Y content in the olivine 
varies from 0.05 to 0.26 ppm, excluding the grain 
23 (Table 2). On the whole, the Y content cor
responds to that in olivine of mantle xenoliths  
(average 0.052 ppm; [50]).

4. Rare Earth Elements. REE are measured for 9 
olivine grains. Eight grains have a small total REE 
(0.1-0.5 ppm), flat patterns of L- and MREE with 
a slight increase in HREE (average (La/Yb)n = 
= 0.56, Table 2). The grain 23 is distinguished by 
increased REE concentrations (Table 2). This grain 
has a higher degree of fractionation: (La/Yb)n = 
= 1.46 and has higher Y, Zr, Nb contents in com-
parison with other grains. The REE patterns in  
olivine grains 1-5 (Fig. 3) is close to the second 
type of REE patterns identified for olivine of deep 
xenoliths [26]. The REE contents measured in  
thin sections (6-9, Table 2) are characterized by  
flat patterns (Fig. 3). Thus, the UR17/2 olivine is 
poor in REE compared to chondrite CI; however, 
the UR17/2 olivine has increased abundances of  
all REE relative to olivine from xenoliths of upper 
mantle peridotites [50].

Discussion. 1. Iron-enrichment of olivine. The 
UR17/2 harzburgite inclusion is located in gneissic 
enderbites that have experienced multiple, inclu
ding granulite, metamorphism. In this regard, an 
important point is to determine the contribution of 
metamorphism to the olivine composition.

Metamorphic olivine is formed during dehyd
ration of serpentinites and is usually represented  
by large neoblasts [9, 34]. It differs significantly 

from magmatic olivine in high titanium (up to  
0.86 wt.%) and some other elements, including  
Zr (0.9-2 ppm). The UR17/2 olivine has diffe- 
rent morphological relationships with serpentine 
(Fig. 1, a, b) and significantly lower concentrations 
of Ti and Zr (Tables 1 and 2). Increased incompa
tible elements (LREE, Ba) contents in the olivine 
grain 23 (Table 2) indicate metasomatic alteration, 
but it has a Ti and Zr concentration of magmatic 
olivine. Thus, the UR17/2 olivine, both in mor-
phology and composition, corresponds to mag-
matic olivine with a slight influence on metaso-
matic processes.

The olivine with 14-15% Fa end-member from 
the UR17/2 harzburgite does not correspond to the 
most compositions of olivine from basic-ultrabasic 
rocks: mantle xenoliths, orogenic peridotites of the 
Alpine belt, abyssal peridotites, kimberlites and ba-
salts of the ocean floor, the magnesium number of 
which is generally within 89-92 [17]. Olivine from 
peridotite xenoliths in kimberlites representing the 
subcontinental lithospheric mantle (SCLM) is also 
more magnesian [43 and references therein].

It was found that the Fo content in olivine dec
reases with time — from the Achaean (Fo — 91.5-
93.5) to the Proterozoic (Fo — 91-92.2), to the 
Phanerozoic (Fo — 89-91.7) [14]. The UR17/2  
olivine has a #mg value than olivine from Phane
rozoic ultramafic rock. The increased iron content 
in olivine is a characteristic of many mafic and ul-
tramafic rocks in the Ukrainian Shield. The olivine 
composition (Fa end-member) of ultramafic rocks 
of the Ukrainian Shield varies from 5.6 to 54.5%, 
the average Fa content in olivine is 12.9% [12, 21]. 
The average content of Fa end-member for dunite-
harzburgite, gabbro-peridotite and dunite-gabbro-
norite are 12.88, 19.24% and 16.28% respectively 
[11, 18, 21, 35]. Olivine in peridotite inclusions of 
the Bug granulite complex — contains 16-20% Fa 
end-member [29]. Olivine with the 25% Fa end-
member is present in the gabbro-wehrlite complex 
[12]. The ultramafic lithologies of the gabbro-an-

Fig.  3. Chondrite-normalized 
REE patterns for olivine from 
the spinel-bearing phlogopite 
harzburgite UR17/2 (normali
zation factors from [46]). The 
numbers in the legend 
correspond to the numbers of 
the analyzes in the Table 2
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orthosite complex contain hyalosiderite and hor-
tonolith [12]. There is high iron olivine (up to 50% 
Fa end-member and more) in the gabbro-syenite 
and alkaline-ultramafic-carbonatite complexes [23]. 

The partitioning of iron between olivine and 
melt (DFe

ol-melt) depends on the FeO content in the 
melt, Т, Р and fO2

 [4, 17, 30, 49]. The influence  
of melt composition and structure (degree of po-
lymerization) on DFe

ol-melt was shown in experi-
ments carried out at constant pressure, tempera-
ture and oxygen fugacity [24]. The lower #mg of 
the UR17/2 olivine was influenced by whole-rock 
composition. The harzburgite UR17/2 has values 
of #mg: 86-84 [29], like many other mafic and ul-
tramafic rocks of the Sarmatian craton. Kaapvaal 
[15] and Slave [22] cratons contain single xenoliths 
of mantle peridotites with a similar lower #mg  
and, accordingly, with iron-rich olivine (Fo 83-89). 
These xenoliths compositions are consistent with 
the results on ultramafic rocks of the Ukrainian 
Shield and confirm the assumption about the het-
erogeneity of the FeO/MgO ratio in SCLM be-
neath this fragment of the East European Platform. 

Temperature, pressure and fo2 have a negative 
correlation with DFe

ol-melt [4, 30]. The dyke-shaped 
harzburgite indicates moderate pressure during 
crystallization; the temperature calculated for the 
UR17/2 olivine is ~900 ºC. The oxygen fugacity  
of the melt affects the Fe+3/ΣFe ratio in the rock  
[4, 5, 32, 38]. The Fe2O3/FeO+Fe2O3 ratio in the 
harzburgite UR17/2 is low (0.27-0.36), which may 
indicate crystallization of the harzburgite at mode
rate fO2 conditions. Thus, the increased iron con-
tent of the UR17/2 olivine could be influenced by 
low temperature and pressure, moderate oxygen 
fugacity.

2. Niсkel-enrichment of olivine. High nickel con-
tent in the olivine UR17/2 (Table 2) is inconsistent 
with its high iron content (Fo 86-85%). Partition 
coefficient of Ni between olivine and melt (DNi

Ol/

melt) is controlled by Т, Р, fO2 and the nickel content 
in the source [19, 16, 27, 30, 45]. The influence of 
melt composition and structure (degree of poly
merization) on DNi

Ol/melt was shown in experiments 
at constant pressure, temperature, and oxygen fu-
gacity [24]. A quantitative relationship between 
DNi

Ol/melt and rock composition was also shown by 
[27]. An inverse correlation has been established 
between DNi

Ol/melt and the MgO content in the 
melt [17]. As shown by [16, 17], the dependence of 
the Ni content and #mg is strictly legal and forms a 
curve according to which olivine of peridotites has 
a Ni content of about 3000 ppm (Fig. 2, a). The 

UR17/2 olivine (Fig. 2, a) is located out of the 
curve and is closer to the olivine from the Hawaiian 
picrites (Fig. 12, b in [16]), differing from the latter 
in the Fe/Mn ratio. 

The high nickel content in the UR17/2 olivine is 
due to high nickel content in the host harzburgite 
(3700 ppm, [29]), which exceeds its concentration 
in the primitive mantle. The alkalinity of the melt 
also has a great influence on the DNi

Ol/melt value — 
in highly alkaline melts DNi

Ol/melt reaches 30-90 
[13]. The UR17/2 harzburgite contains about  
2 wt.% K2О and belongs to subalkaline ultramafic 
rocks [29]. The increased alkalinity of the melt 
likely contributed to the high DNi

Ol/melt value [10]. 
Since DNi

Ol/melt value has an inverse correlation 
with the crystallization temperature and pressure 
[27], it can be assumed that the low pressure and 
temperature (~900 ºС), along with the high con-
tents of nickel and K2O in the melt, influenced the 
high contents of nickel in the UR17/2 olivine.

3. Models considering the increased iron and nick­
el content in olivine. The models are mainly based 
on the analysis of olivine from various oceanic ba-
salts, to a lesser extent, mantle inclusions. Despite 
the limited amount of data, the homogeneity of the 
UR17/2 olivine composition makes it possible to 
compare it with olivine from other objects and to 
analyze the proposed models.

Comparison with mantle xenoliths. There is a li
mited amount of data on the content of trace ele-
ments in olivine from mantle xenoliths of Achaean 
cratons. A wide range of geochemical data is avai
lable for peridotite xenoliths in alkaline basalts 
from subcontinental lithospheric mantle of Central 
Europe [50]. Comparison of the composition of  
olivine from the UR17/2 harzburgite and the xe
noliths generally demonstrates their similarity. The 
main differences are as follows: the UR17/2 oli-
vine is more ferrous (Fig. 2, a), contains more Al, 
Ni, V, as well as HREE, Sr, Zr and Nb; it con- 
tains less of Cr, Ti, and Mn, but close values of 
FeO/MnO ratio (Fig. 2, b). The observed differ-
ence may reflect the difference in composition of 
the Achaean mantle of the Ukrainian Shield and 
the mantle beneath Central Europe, as it is shown 
for other cratons [31, 49].

Comparison with ocean basalts and existing mo­
dels. Analysis of a large amount of data on the com-
position of olivine from basalts: MORB, OIB, LIP 
[17, 37, 45] indicates the highest nickel concentra-
tions and the Fe/Mn ratio (higher than that of the 
mantle and chondrites) in olivine from picrites of 
the Hawaiian Islands, as well as picrites of the Gud-
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chikhinskaya Formation in the Norilsk region  
(Fig. 2, a, b). Based on the data on basalts, the fol-
lowing models have been proposed to explain the 
high Fe and Ni contents in olivine. The excess of 
Ni and the increased Fe/Mn ratio in the olivine 
from Hawaii is explained by the participation of as-
similated pyroxenite in the mantle source of the 
basalts [45]. By this model, a source of picrites cor-
responds to basic rock (SiO2 about 48-50 wt.%). 
Since the source of the UR17/2 harzburgite was 
peridotite [1], this model is not suitable for ex
plaining the peculiarities of the UR17/2 olivine 
composition. According to other studies [27, 33, 
37, 38], the excess Ni in olivine from Hawaii may 
be due to high pressure rather than a contribution 
to the source of pyroxenite. This conclusion is  
confirmed by the data on basalts in general [45]: 
the average Ni content in olivine from areas  
with a lithosphere thickness of less than 70 km is 
2300 ppm, and from areas with a lithosphere thick-
ness of more than 70 km, more than 3000 ppm 
(Fig. 2, a). Another model considers an increase in 
the content of Fe and Ni in the rock and olivine as 
a result of the addition of material from the Earth’s 
core to the mantle. This model is proven by calcu-
lations of the matter balance and the Re-Os isotope 
data carried out for the picrites of the Hawaiian Is-
lands and the picrites of the Norilsk area [17, 41]. 
It is difficult to assess the applicability of this  
model to studied the UR17/2 harzburgite at this 
stage of research. The increased iron and nickel 

contents in the UR17/2 olivine is largely deter-
mined by the unusual nature of iron and nickel  
enrichment of the initial melt.

Conclusion. Olivine from the small inclusion of 
spinel-bearing phlogopite harzburgite in the Pa
leoarchean gneissic enderbites (the Bug complex  
of the Ukrainian Shield) is magmatic in origin. The 
olivine has increased iron and nickel contents, 
which are not typical for olivine of mantle rocks 
and its ultramafic derivatives.

The main factors determining the geochemical 
features of the UR17/2 olivine are the composition 
of the initial melt (high iron and nickel contents 
and alkalinity) and the conditions of magma crys
tallization in the crust (relatively low temperature 
and pressure), which influenced the high DNi

Ol/melt 
and DFe

Ol/melt values, as well as the structure of the 
melt, determined by the moderate Fe3+/ΣFe ratio. 
Low REE contents in the studied olivine charac
terize the deep source of the initial melt of the 
phlogopite harzburgite.
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ЗБАГАЧЕНИЙ ЗАЛІЗОМ І НІКЕЛЕМ ОЛІВІН ІЗ ФЛОГОПІТОВОГО  
ГАРЦБУРГІТУ ПОБУЗЬКОГО КОМПЛЕКСУ УКРАЇНСЬКОГО ЩИТА

Вивчено хімічний склад олівіну із включення архейського шпінельвмісного флогопітового гарцбургіту (зразок 
UR17/2) в ендербіто-гнейсах побузького комплексу Українського щита. Гарцбургітове тіло має форму лінзи, що 
розглядається нами як фрагмент деформованої дайки. Інтрузивна природа цього включення підтверджується 
структурним співвідношенням та наявністю гібридної зони на контакті з вмісними ендербітами. Головні елемен-
ти олівіну визначені методами SEM-EDS та EPMA, рідкісні та рідкісноземельні — методом SIMS. Олівін має по-
стійний склад: MgO — 45,20—45,64 мас. %, FeO — 13,66—14,23 мас. %, Fo 86—85 % і відношення Fe/Mn 68,3—68,6, 
яке відповідає такому ж відношенню в перидотитах (70—60). Вміст Ni в олівіні змінюється від 4730 дo 5612 ppm, 
що вище вмісту Ni в олівіні мантійних перидотитів, а також високомагнезіальних OIB і пікритів Гавайських ост-
ровів. Температура кристалізації олівіну, визначенa за вмістом у ньому Al, дорівнює ~900 °С. Середній вміст в 
олівіні Ti — 20,6 ppm, Nb — 0,03 ppm, Zr — 0,32—0,60 ppm. Вміст REE характеризується низькими значеннями (в 
сумі 0,1—0,5 ppm), що свідчить про глибинне джерело вихідного розплаву флогопітового гарцбургіту. Головними 
особливостями складу вивченого олівіну є збагачення залізом і нікелем, що є відмінним від олівінів порід, по-
хідних мантії. Аналіз отриманих даних про склад олівіну у зразку UR17/2 і склад вмісних гарцбургітів показав, що 
розподіл Fe і Ni між олівіном і породою залежить від температури, тиску, фугітивності кисню і складу вихідної 
магми (підвищений вміст і лужність заліза, високі концентрації нікелю). Важливими є також умови кристалізації 
магми в корі: відносно низькі температура і тиск, помірне відношення Fe3+/Fe2+.

Ключові слова: олівін, збагачення Fe і Ni, гарцбургіт, архей, Український щит.




