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Abstract

The Bug granulite complex (BGC) comprises mainly Paleoarchean orthogneisses and represents the oldest portion of the Ukrainian shield. It has
a very long (3.8-2.0Ga) and a complex evolutionary history and contains numerous mafic and ultramafic enclaves of different age and origin. This
study is focused on a zoned peridotite lens within the orthogneisses. Zircon separated from a marginal websterite part of the lens yielded a U-Pb (SIMS
SHRIMP II) age of 2814+51Ma. In-situ U-Pb and Lu-Hf isotopic analyses combined with BSE and CL imaging and trace element data provided evidence
of magmatic origin of zircon. The e¢Hf (2.8Ga) of zircon varies from -8.5 to -10.7 and indicates that the ultramafic melt contained an old component
probably assimilated from the host orthogneiss. Field observations and obtained analytical data suggest that the lens is a fragment of a lherzolite dyke,

and the age 2.81Ga is interpreted as the age of its crystallization.
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Introduction

The BGC is located in the southwestern Dniester-Bug Province
of the Ukrainian shield (Figure 1A) and consists of felsic orthogneiss
with minor mafic-ultramafic enclaves. The BGC units show imprints
of several geological events: 3.7-3.66, 2.8, 2.3 and 2.0Ga [1-3]. Age
of 3.3Ga has been recently obtained for magmatic zircon from the
orthopyroxenite enclave (zircon, U-Pb SHRIMP, [3]). The broad peak
around 2.8Ga on the histogram of U-Pb zircon ages reflects the age
of high-temperature metamorphic event [1,2]. But simultaneous
igneous mafic-ultramafic rocks were not found within studied area.
So, the purpose of our study is to fill this gap of magmatic activity.

Geological Setting

The BGC (Figure 1A) consists of foliated and migmatized
enderbites (now orthogneisses) with enclaves of mafic rocks and

layers of met sediments [2,4]. The study area (Figure 1B) is a typical
example of all these rocks. In addition, a few ultramafic enclaves
occur in the area. Orthogneiss is 3.8-3.6Ga old [3,5-8]. Geological
record in all these rocks demonstrates their complicate tectonic
evolution. The deformation D1 led to a N-S-striking or NW-SE-
striking steep foliation and sometimes was accompanied by weak
migmatization. The next deformations (D2 and D3) resulted in W-E
to WNW-ESE trending steep shear zones and foliations of the same
orientation.

Enclave UR17/2 is a small lens-like body of a lherzolite mantled
by a websterite, occurring in the orthogneiss (Figure 1C). The
upper (in the picture) pinching part of the lens (17/2-4, Figure 1C)
is represented by a pargasite-plagioclase orthopyroxenite . This
lens and orientations of its structural elements (Figure 1B) formed
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during the second deformation when the W-E to WNW-ESE striking
shear zone and steep lineation developed. The lherzolite consists
mainly of olivine, orthopyroxene, clinopyroxene, phlogopite, minor
serpentine, carbonate and accessory chrom spinel, pentlandite,
apatite, magnetite. A mineral assemblage of websterite is the
same beside the absence of olivine and the higher abundance
of phlogopite (Table 1). While the lherzolite has usual mineral

composition its geochemistry is atypical for mantle rocks: low #
mg (0.86), high Ni (>3000ppm) and Ni/Cr>4, which makes the age
of the lherzolite more interesting [9]. The pinched part of the lens
is strongly recrystallized under high-grade conditions and consists
completely of metamorphic minerals: Opx, P, Prg, Mgt (Figure 1B,
UR17/2-4, Table 1).

Table 1: Major element composition of minerals from lherzolite, websterite and inclusions in zircon from a peridotite

lens UR17/2.

Rock/Mineral n Sio, TiO, ALO, Cr,0, FeO MnO MgO Ca0 Na,O K,0
Liherzolite
0l 47 40.003 nd 0.07 nd 13.66 nd 45.77 nd nd nd
Opx 41 56.6 nd 0.92 0.05 9.51 0.18 32.47 0.21 nd nd
Cpx 17 54.41 0.24 0.58 0.32 2.62 0.18 17.5 24.85 nd nd
Phl 34 40.58 1.61 14.25 0.52 3.27 0.02 24.68 nd 0.26 10.59
Serp 4 42.68 nd 0.14 nd 2.3 nd 41.53 nd nd nd
Sp 16 0.11 1.56 16.57 27.19 44.54 0.06 4.44 0.03 nd nd
Websterite
Opx 51 55.5 0.08 1.25 0.03 12.905 0.28 29.605 0.32 nd nd
Cpx 11 53.78 0.08 1.48 0.18 3.88 0.13 16.62 24.6 0.3 nd
Phl 39 40.32 1.51 14.48 0.28 4.97 0.02 23.58 nd 0.23 10.305
Amph 14 47.68 0.45 9.8 0.41 5.23 0.06 18.62 12.63 1.65 0.71
Prg-Pl- orthopyroxenite
Opx 19 52.95 nd 1.45 nd 23.15 0.58 21.48 0.38 nd nd
Pl 7 56.58 nd 27.8 nd nd nd nd 9.44 6.04 0.13
Prg 9 43.09 1.15 12.68 0.77 12.44 0.17 12.56 11.96 1.52 1.6
Phl 5 38.28 2.29 15.33 0.38 12.35 0.07 17.1 nd nd 10.26
Inclusions in Zircon
Opx s888 56.04 nd 1.4 nd 13.29 0.27 29 nd nd nd
Opx s17 55.49 nd 1.47 nd 13.52 0.4 28.8 0.3 nd nd
Opx s18 55.01 nd 1.56 nd 13.82 0.2 29.27 0.03 nd nd
Opx s31 55.75 nd 1.27 13.29 0.15 29.23 0.3 nd nd nd
Opx altered s4 63.69 nd nd nd 11.86 nd 23.71 nd 5.7 nd
Opx altered s4 62.58 nd nd nd 10.95 nd 25.28 nd 0.74 nd
Opx altered s6 52.05 nd 0.29 nd 11.7 nd 16.47 nd 0.89 nd
Opx altered s6 50.5 nd 0.33 nd 9.74 0.01 16.8 nd 0.89 nd
Phl s10 42.11 1.31 15.62 nd 5.18 nd 24.95 nd 0.39 10.44
Phl s11 41.93 1.59 16.38 nd 6.12 nd 22.8 nd 0.37 10.82
Phl s16 41.86 1.33 15.96 nd 5.2 0.03 24.79 nd 0.51 10.4
Phl s4 42.31 1.58 15.55 nd 6.35 0.22 23.17 nd 0.54 10.71
nd s5 48.69 0.03 5.37 nd 28.96 0.65 14.35 0.72 0.55 0.68
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nd s6 50.51 0.01 5.69 nd 24.53 0.56 16.18 0.62 0.47 1.43

Pl s37 54.99 nd 29.26 nd nd nd nd 10.43 5.32 nd

Pl s43 54.94 nd 28.87 nd nd nd nd 10.34 5.7 0.15
Cpx altered s60 56.76 nd 0.61 nd 12.98 0.85 21.14 6.68 1.1 0.06
Amp s58 48.83 0.55 11.54 nd 6.17 0.07 17.46 12.61 1.71 1.7
Carb s6 4.55 nd nd nd 7.84 1.1 34.18 59.34 nd nd

current settings of 20 kV and 1.5 nA, and the ZAF-correction
method was used.

Major and trace element analyses were produced using a JED-2200
(JEOL) microprobe coupled with an SEM JSM-6510LA spectrometer
at the Institute of Precambrian Geology and Geochronology, RAS,

] ) ) nd - not detectable, n - number of analyses, (if it begins with “s” -
St.-Petersburg. The microprobe analyses were carried out with

see in Fig. 4).
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dotted, transitional zones separating provinces).

Figure 1C: Geological sketch of exposure UR-17/2.

G.A.C. Campanbha).

Figure 1A: Location of the Dniester-Bug Province in the tectonic structures of the Ukrainian Shield (grey, tectonic provinces;
Figure 1B: Sketch geological map of the northern part of the Odessky quarry [3].

Figure 1D: Stereo plot of planar and linear fabrics in exposure UR-17 (software “OpenStereo 0.1.2 devel” by C.H. Grohmann and

Morphology and Composition of Zircon

Zircon was separated from a websterite margin (sample UR
17/2-3; Figure 1C). Zircon population is characterized by the
heterogeneous morphology. Using Back-Scattered Electron image
(BSE) data we approximately may distinguish three zircon groups
(Zircon I, 11, IIT). Zircon I forms rounded grains ca. 200*250pum in
size, some grains are faceted (Figure 2). Several small zircon grains
hosted in orthopyroxene are interpreted as zircon L. In Cathodo-

Luminescence (CL) images these grains are medium or weak and
display a broad zoning. In BSE both small and large grains of zircon
I are homogeneous and grey in color.

Zircon Il represented by 3 grains, CL images reveal a two-phase
internal texture: the dark grains contain CL-bright domains with a
complex texture. BSE images show an irregular pattern of grey and
light-grey domains corresponding to different Zr/Hf ratios (Figure
2).
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Figure 2: Cathodoluminescence and back-scattered electron images of selective zircons from groups I-III. Numbers of grains
correspond to the numbers in Table 1 & Table 3. The analytical craters (white circles) with numbers and the measured 207Pb /206
Pb ages are indicated.

Table 2: Analytical U-Pb SIMS SHRIMP data on zircons from websterite UR 17/2-3.

Crater 2060;)bc Uppm | Th ppm 2:333 2::;:1* 206;:)%7238[] Ma 2“7PbA"‘g/3"’6Pb* Ma | 207pp*/235Q +0) Zozgll);/ +% Rho
1.1 0.27 138 101 0.76 333 1589 *11 1731 +36 4.08 2.1 0.2795 0.8 | 0.379
2.1 0.01 92 110 1.24 39.8 2638 +25 2771 +20 13.49 1.7 0.5057 1.1 | 0.677
31 0.14 445 503 1.17 112 1652 *11 2012 +18 499 1.2 0.292 0.7 | 0.586
4.1 0.01 6675 428 0.07 20.5 1972 24 2265 *19 7.06 1.8 0.3579 1.4 |0.786
5.1 0.14 131 126 0.99 45.9 2206 +17 2493 +19 9.2 1.4 0.408 0.9 0.63
6.1 0.08 118 90 0.78 57.9 2909 +20 2833 *13 15.79 1.2 0.5702 09 |0.721
6.2 0.01 103 48 0.46 50.3 2766 *20 2779 +15 14.35 1.3 0.5359 09 |0.709
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7.1 0.15 73 96 1.35 32.1 2655 +25 2835 +18 14.13 1.6 0.5095 1.1 0.712
8.1 0.07 134 82 0.63 63.8 2835 +18 2798 +13 14.96 1.1 0.5523 0.8 | 0.707
8.2 0.01 375 408 1.13 17.3 2774 +15 2785 +7 14.46 0.8 0.5379 0.7 | 0.835
9.1 1 54 48 0.92 26.9 2908 +41 2766 +35 15.15 2.8 0.57 1.8 0.634
9.2 0.06 465 254 0.57 201 2622 +29 2715 +6 12.93 1.4 0.5018 1.3 0.971
10.1 0.27 111 52 0.48 51.1 2754 +35 2738 +13 13.93 1.7 0.533 1.6 0.897
10.2 0.08 311 256 0.85 150 2868 +32 2835 +22 15.53 1.9 0.5603 1.4 | 0.711

The majority of zircon I and II shows a narrow range of REE
concentrations and a typical magmatic chondrite-normalised REE
profile (La to Lu slope, Eu and Ce anomalies; Figure 3; Table 3. Small
negative Eu- and high positive Ce- anomalies, high amounts of Y and
Hf up to 11000ppm suggest the magmatic origin of zircon [10,11].

Zircons I and II having the moderate Th and U concentrations and

the moderate Th/U ratio (average 0.73) are typical for magmatic
rocks (Table 3). Zircon grains 3.1, 5.1, 9.1 reveal a more flatter
REE pattern (average Lu /La =306, Sm_/La =3; Figure 3). These
grains contain significant amounts of Ca, Ti, Li, Sr; Nb, Ba caused by
secondary alteration produced by H,O-rich fluid [12].

Zircon / Chondrite

10000

1000

100

10 w1 group
2 group
1 —— 3 group

01 1 1 1 1 1 1 1 1 1 1 1 1 |
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Figure 3: Chondrite-normalized REE patterns for zircon from the websterite (sample UR 17/2-3).

Table 3: Trace element and REE concentrations in zircon from websterite (UR17/2-3).

z’rr;o“ 1 I 1 I I 1 1 yn | yn 1 1 1 1 I m m m

Poig’: 11 6.1 6.2 71 | 81 8.2 54 | 31 | 21 | 101 | 102 | 91 | 92 | R12 | 41 | R15 | R14
La 004 | 011 | 005 | 003 | 005 | 006 | 051 | 646 | 004 | 004 | 039 | 08 | 039 | 088 | 195 | 605 | 434
Ce 121 | 943 | 885 | 1173 | 136 | 221 | 142 | 2627 | 1143 | 1059 | 1852 | 153 | 1852 | 873 | 17.58 | 2092 | 9.43
Pr 0.05 | 005 | 003 | 004 | 007 | 008 | 025 | 04 | 007 | 006 | 017 | 035 | 0173 | 021 | 05 | 089 | 0.3
Nd 086 | 069 | 191 | 078 | 097 | 117 | 1.63 | 206 | 085 | 06 | 123 | 225 | 1.231 | 097 | 208 | 296 | 0.52
Sm 1.83 16 126 | 193 | 192 | 284 | 191 | 281 | 182 | 1.19 | 236 | 262 | 2364 | 072 | 142 | 229 | 111
Eu 042 | 031 | 025 | 038 | 036 | 037 | 032 | 042 | 038 | 017 | 035 | 077 | 0353 | 035 | 027 | 156 | 133
Gd 1243 | 957 | 818 | 1373 | 1439 | 1639 | 9.85 | 1392 | 11.57 | 645 | 13.83 | 124 | 1383 | 381 | 693 | 1734 | 1418
Dy 5693 | 4711 | 3835 | 5553 | 60.80 | 67.74 | 47.6 | 5575 | 487 | 3258 | 6073 | 57 | 60.73 | 2355 | 5226 | 9818 | 122
Er 142 107 | 887 | 117 | 144 | 151 |9491| 109 | 108 | 7124 | 124 | 109 | 124 | 6368 | 134 | 227 384
Yb 281 213 | 175 | 208 | 255 | 246 | 169 | 196 | 182 | 136 | 220 | 205 | 220 | 146 | 317 | 440 927
Lu 4967 | 37.05 | 29.99 | 3484 | 4138 | 4026 | 2673 | 29.74 | 315 | 22.64 | 3376 | 312 | 3376 | 263 | 55 | 742 155
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Li 2.63 7.55 4.25 0.19 4.84 14.08 10.53 | 12.28 2.59 4.83 23.25 6.6 23.25 38 35 34 47
P 202 180 120 182 206 210 153 181 160 181 146 141 146 89 282 447 730
Ca 0.65 2.83 1.48 2.04 2.58 1.46 64 269 9.13 17 253 1328 253 60 391 190 61
Ti 1.54 6.07 1.96 3.19 2.18 2.49 4.7 13.3 3.01 6 7.6 56 7.6 6 18 18 10
Sr 0.35 0.08 nd 0.23 0.24 0.27 1.55 2.46 0.29 0.73 491 11.4 491 1.66 5.31 3.07 3.27
Y 747 640 491 675 769 838 627 748 592 430 805 728 805 363 763 1325 2039
Nb 14.2 12.03 0.93 4.99 7.14 12.08 69.4 68.6 14.4 56.8 69.8 51 85.5 56.7 53.5 108 61.2
Ba 0.52 0.96 0.74 0.69 0.73 0.54 3 6 0.81 2.2 6 13.3 5.99 3.39 4.74 7.18 5.83
Hf 9370 10068 | 10363 | 9070 | 9519 11444 | 7289 | 8706 9270 | 8394 | 10039 | 8643 | 10039 | 9102 | 10248 | 8819 12435
u 138 118 103 73 134 375 131 445 92 111 449 134 923 1081 6675 1473 2230
Th 101 90 48 96 82 408 126 503 110 52 290 63 261 57 428 319 235
Th/U 0.73 0.76 0.47 1.32 0.61 1.09 0.96 1.13 1.2 0.47 0.65 0.47 0.28 0.05 0.07 0.22 0.11
Eu/Eu* 0.27 0.24 0.23 0.23 0.21 0.17 0.2 0.2 0.25 0.19 0.19 0.41 0.49 0.7 0.26 0.76 1
Ce/Ce* 63 32 53 78 56 77 10 4 51 52 17 7 17 5 4 2 3
XLREE 13 10 11 13 15 23 17 35 12 11 20 19 28 11 22 31 14
YHREE 542 413 340 429 516 521 347 404 381 269 452 415 295 263 565 850 1603
L[ZI;I\I/ 12046 3124 5299 | 10739 | 7455 6759 504 44 6874 | 5402 829 376 563 298 272 118 343
Sgl;/ 74 22 37 99 58 79 6 1 66 47 10 5 11 1 1 1 0.4
Lu/Hf 0.004 0.002 0.002 | 0.003 | 0.004 0.003 0.003 | 0.0035 | 0.004 | 0.002 | 0.004 0 0.002 | 0.003* | 0.009 | 0.008* | 0.013*
T(Ti), C° 601 701 617 651 624 634 680 769 647 705 719 921 804 702 800 798 745

Trace element concentrations were analyzed by ion microprobe zircon grains R12, R14 and R15 were used elemental data (this
Cameca IMS-4f (Jaroslavl branch of PhT1 RAS, Russia). Lu/Hf are  Table).
the isotopic data (see Table 5), *- for the calculation of Lu/Hf in

Table 4: Composition of zircon grains websterite (UR-17/2-3).

Zircon Group Grain Point Sio, Zr0, HfO, Zr /Hf FeO MnO MgO Ca0 Na,O
small 1559 66 33.38 65.01 1.62 35 nd nd nd nd nd
small 1559 67 33.7 64.99 1.3 43.7 nd nd nd nd nd
small 1559 68 33.18 66.25 1.57 36.1 nd nd nd nd nd
small 1559 69 33.61 64.74 1.65 34.3 nd nd nd nd nd
small 1559 70 33.54 65.62 0.84 68.2 nd nd nd nd nd
small 1559 71 33.16 65.07 1.77 321 nd nd nd nd nd
small 1559 72 32.69 65.66 1.65 34.7 nd nd nd nd nd
small 1559 73 34.12 64.61 1.27 44.4 nd nd nd nd nd

I 7.1 39 331 65.5 1.29 411 nd nd nd nd nd
[ 7.1 40 33.3 65.5 1.29 46.3 nd nd nd nd nd
I 6.1 33 33.4 64.6 1.98 383 nd nd nd nd nd
[ 6.2 34 33.1 65.4 1.49 28.6 nd nd nd nd nd
I 8.1 52 33.6 65.3 1.12 51 nd nd nd nd nd
[ 8.2 53 33.4 65 1.68 33.8 nd nd nd nd nd
I 8.2 54 334 65 1.61 35.2 nd nd nd nd nd
/1 21 1 33.6 64.2 2.27 25.1 nd nd nd nd nd
I/11 2.1 2 335 66.11 1.43 38.1 nd nd nd nd nd
/1 21 3 32.7 65.9 1.36 423 nd nd nd nd nd
II 10.1 19 33.5 64.9 1.6 35.4 nd nd nd nd nd

Volume - 3 Suppl - 1

How to cite this article: Lobach Z S, Baltybaev K, Egorova J S, Galankina O, Sergeev S, Lokhov K, Balagansky V, Skublov S, Bogomolov E, Berezhnaya

N. Origin of Zircon from a Lherzolite Lens Based on its U-Pb SHRIMP Age, Lu-Hf Isotopic System and Trace Elements: An Input to Revealing of 2.8Ga 300
Magmatism in the Paleoarchean Bug Granulite Complex (The Ukrainian Shield). Arch & Anthropol Open Acc .3(suppl-1). AAOA.000553. 2018.

DOI: 10.31031/AAOA.2018.03.000553



http://dx.doi.org/10.31031/AAOA.2018.03.000553

11 10.2 20 33.5 64.8 1.7 329 nd nd nd nd nd
11 9.1 21 33.6 65.7 0.74 77.5 nd nd nd nd nd
11 9.2 22 33.4 65 0.62 35 nd nd nd nd nd
111 4.1 23 33 66 0.99 58 nd nd nd nd nd
111 4.1 24 34 64 1.97 28 nd nd nd nd nd
111 4.1 25 33 66 1.34 43 nd nd nd nd nd
«w-II» R12 48 33.5 65.1 1.43 39.7 nd nd nd nd nd
«w-III» 4.1 26 31 61 1.8 30 1.68 1 0.53 1.5 0.69
«w-11I» 4.1 27 32 62 1.9 28 1.08 0.86 0.31 1.53 0.73
«w-III» R14 55 33.9 65 1.12 50.7 nd nd nd nd nd
«w-11I» R15 56 329 64.5 2.58 21.8 nd nd nd nd nd

in the Table 1.

“w” — zircons with wormy convolute texture of II or III group, nd — not detectable. The analytical method used is as

35, 36, 48, 59 are in Table 4.

Figure 4: Mineral inclusions in zircon. Numbers within the inclusions correspond to those in Table 1 & Table 4. The hydrothermal
changes (“wormy convolute textures”) are seen in plot “E” (026, 027) and “J” (059). The composition of zircon: points 9, 26, 27,

Orthopyroxene, amphibole and phlogopite inclusions in both
zircon groups are similar in composition to those from the host
websterite (Table 1). These petrographic and geochemical data
suggest that zircon growth was essentially synchronous with
orthopyroxene and phlogopite crystallization in the websterite
matrix. Zircon III is represented by elongated grains composed
of cores visible in BSE filled by numerous mineral inclusions, and

rims with radial fractures. These grains are strongly altered as
indicated by dapple texture and wormy convolute texture seen in
BSE images (Figure 4E). Zircon III strongly contrasts with zircon I
and Il in Lu, Li, U concentrations, and Lu/Hf, Th/U ratios (Table 3).
Zircon II1 is characterized by a more flat REE distribution. Chemical
composition of zircon Il corresponds to that of zircon from ordinary
mafic rocks [13]. But low Th/U ratio indicates the metamorphic
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alteration of zircon III [11]. High abundances of Ba, P, Ca, Nb, low
Lu /La (average = 258), and Eu-, Ce-anomalies make them similar
to the altered grains of zircons I and II. So, zircon III is magmatic
in origin and was strongly altered by fluids. Distinguished zircon
groups are not detectable in Zr/Hf ratio. Although some variations
exist the average Zr/Hf value is about 40 (Table 4).

The last hydrothermal process recovered in zircon III formed
wormy convolute texture of zircon and altered mineral inclusions
(Figure 4E). The convoluted domains contain 1.5-1.6wt.% of Hf and
significant amounts of non-formula elements such as Fe, Mn, Ca, Mg
and Na (Table 4). Mineral inclusions are oval or rounded in shape.

Their fine-grained matrix composed of intensively altered Opx and
Cpx, Phl, minor Ap and Carb (Figure 4); (Table 1). Fractures cross-
cutting all internal textural elements of zircons are filled by very
fine opaque minerals.

Zircon U-Pb SIMS SHRIMP Age

14 isotope in-situ analyses for the used technique see, [3]
were performed for 10 zircon grains separated from the websterite
(UR17/2-3, Figure 1C; Table 2). A regression line through the ten
data points defines upper intercept at age of 2814+51 Ma and
lower intercept at 1474+140 Ma (Figure 5). Value 2814 Ma is not
entirely acceptable because

data-point error ellipses are 2 ,/'I
0.6 Intercepts at o
1474£140 & 2814251 Ma 3000
MSWD = 5.6
05 | 2600
D / .
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Figure 5: U-Pb concordia diagram for zircon from the websterite (sample UR 17/2-3). Inset shows U-Pb SIMS isotope ages
histogram for the Bug Granulite Complex, n= 420; the UR17/2-3 data are shown in black. The age values of the grains with
discordance more 10% are excluded [date uses from, 3, 5-7,9].

1.  Some points do not lie close to the regression line.
2. The lower intercept age is difficult to interpret.

Despite the existences of the experimental points near the
lower intercept of the Discordia, it seems that the age of 1474+140
Ma has no geological meaning because all known U-Pb zircon ages
vary from 3.75 to 1.9Ga (Figure 5). Furthermore, a Rb-Sr isochron
(calculated for phlogopites, ultramafic samples UR17/2-2 and
UR135) give the age of 1700+19Ma (unpublished our data). K-Ar
ages from the studied Bug region show the peak values for biotite
of 1775Ma (35% of all ages), and a range of 1975-2125Ma for
amphibole (63% of all ages) [14]. These data represent cooling
ages of the Bug granulite complex during its exhumation. Possibly,
the age of 1475+140Ma may identify local hydrothermal alteration.

207Pb/206Pb ages determined for six subconcordant grains
(discordancy less than 7%) of zircon I are within the range of
2.83-2.77Ga. Two subconcordant grains (4 points) of zircon II

yield 207Pb/ 206Pb ages of 2.77 to 2.72Ga (Table 2). So, the
age of magmatic crystallization of zircon I are assumed to be of
2.83-2.77Ga. Probably, the age of about 2.77-2.72Ga reflects a
metamorphic process which changed composition of zircon and
mineral inclusions.

Lu-Hf Isotopic System in Zircon

Hafnium isotope analyses for the used technique see, [3] was
performed for 10 zircon grains from the websterite which were dated
by the U-Pb method. These yielded similar initial 176 Hf /177Hf
ratios (0.280690-0.280749) and identical values of 176Lu/177Hf
and 176Yb/177Hf except the grain 4.1 (zircon III) with very high
U (6675 ppm; Table 2). In case of the high Lu/Hf ratio LA-MS ICP
technique used here does not permit a correct evaluation of the
176Hf/177Hf isotopic ratio. Hafnium isotopic data for the grain 4.1
are not robus and were excluded from interpretation. Meanwhile,
not only the grain 4.1 (zircon III) has higher Lu/Hf in comparison
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with zircon I and I1. As seen in Table 3, other grains of zircon I1I have
also high Lu amounts and high Lu/Hf ratio. It suggests that studied
websterite crystallized from not completely homogeneous melt.

The position of data-points of zircon grains on the

Copyright © Baltybaev K

diagram eHf(t)-eNd(t) within “terrestrial array” indicates their
crystallization from the melt (Figure 6A) [15]. If we use Nd isotopic
data on the lherzolite (Table 6), the data-points shifted to the area
of xenogenic zircons contained inherited non-radiogenic hafnium.
These data indicate the zircon crystallization from a hybrid melt.
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Figure 6: Hf and Hf-Nd isotope plots for zircon from websterite (sample UR17/2-3).

Figure 6A: Isotopic Hf-Nd systematic. Solid lines define area for magmatic zircons [15]. The location of zircon points (1) for
websterite with eNd(t) values (Table 6) and (2) those assuming crystallization from the melt with Nd-isotopic characteristics of
lherzolite UR 17/2-2.
Figure 6B: Hf evolution diagram. Evolution lines: depleted mantle - 7°Lu/!""Hf=0.0384 1 - ultramafic rock - "°Lu/!""Hf=0.028,
[17] 2 - gneisses - '7°Lu/!'""Hf=0.009 [16].

Table 5: Hf isotopic compositions of zircon separated from websterite (UR-17/2-3).

Grain 176Yh /177HE +lc 6Ly /177HE +1c T6Hf/17THE +1c
1.1 0.019966 0.00079 0.000579 0.000006 0.280779 0.000021
2.1 0.021201 0.000614 0.000603 0.000002 0.280763 0.000021
31 0.017957 0.00077 0.0005 0.000003 0.280722 0.000021
41 0.037931 0.000545 0.001243 0.000012 0.280769 0.000011
5.1 0.014545 0.000317 0.000416 0.000001 0.280747 0.000018
6.1 0.010717 0.000896 0.000318 0.000009 0.280749 0.000016
6.2 0.010415 0.000297 0.000307 0.000001 0.280726 0.000021
7.1 0.014475 0.000179 0.000411 0.000003 0.280707 0.000023
8.1 0.018283 0.000419 0.000535 0.000001 0.28072 0.000015
8.2 0.014616 0.000331 0.00043 0.000001 0.280721 0.000019
9.1 0.01451 0.000541 0.000416 0.000005 0.280756 0.000018
9.2 0.011756 0.00014 0.000339 0.000007 0.28069 0.000016
10.1 0.009671 0.000414 0.000291 0.000002 0.280725 0.000019
10.2 0.020126 0.000399 0.00056 0.000007 0.280737 0.000016

The Lu-Hf isotope measurements were performed using a 193-
nm Ar-F COMPex-102 laser, a DUV-193 ablation system (Lambda
Physic) and a Neptune MC-ICP-MS (Thermo Fisher) at the CIR. The

Faraday cups’ configuration allowed the simultaneous registration
of 172Yb, 174Yb, 175Lu, 176(Hf+Lu+Yb), 177Hf, 178Hf and 179Hf.
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Table 6: Sm-Nd isotopic data for the rocks of the peridotite lens.
Rock Type Sample Sm Nd 147/144N d HERE 20
Lherzolite UR17/2 1.154 4.223 0.1652 0.511833 19
Websterite UR17/2-3 1.179 4.324 0.1649 0.51165 15
Calculated eHf (2.8Ga) varies from -8.0 to -10.7 (average value = References
-9.0) (Figure 6B). Negative eHf(t) value shows that a pre-existing 1. Lesnaya IM, Plotkina TE, Stepanyuk LM, Bartnitski EN (1995) Age

crust was assimilated by peridotite melt (Table 5).

Thus, the difference between the Nd isotope composition of
lherzolite and websterite is consistent withamodel of contamination
of original lherzolite melt by the older rock. If the minimal value
eHf (2.8Ga) corresponds to the maximal contribution of a gneiss
contaminant with eHf(t) of 0.007-0.009 [16,17], a two-stage Hf
model age of ca. 3.65Ga may be calculated for a contaminant.

Discussion and Main Conclusion

A synthesis of combined Lu-Hf and U-Pb isotopic zircon data
indicates hybrid origin of melt from which zircon crystallized.
Practically all zircon grains show signs of alteration which increases
from zircon I to zircon III. This alteration was accompanied by a
local redistribution of Zr and Hf and indicates a significant fluid
reworking that led to redistribution of these elements in zircons Il
and III. In general, all zircon grains maintain near chondritic Zr/Hf
ratios. The last process during which the wormy convolute texture
was formed caused a strong decrease in Zr/Hf and was probably
synchronous with the alteration of pyroxene inclusions in zircon
and with the origin of carbonate in zircon and in the rock matrix.

The mantle-derived lherzolite melt entrained the older crust.
The marginal position of the websterite (Figure 1C) suggests the
host orthogneiss as a contaminant. It is supposed that a peridotite
magma was hot enough for TTG-gneiss melting. Melt intruded into
orthogneiss formed dykes and geological setting of the investigated
lenses does not contradict with this proposition. The geochemical
and Lu-Hf isotope data show that zircon from lherzotite lens
crystallized from a hybrid websterite melt which formed as a result
of assimilation of original ultramafic melt by partially molten host
orthogneiss.

The similarity of the mineral inclusions in zircon and minerals
in host rock indicates that the age 2814+51 Ma corresponds to the
intruding time of the lherzolite dyke. Thus, it evidences a pulse of
ultramafic magmatic activity in the Dniester-Bug Province about
2.8Ga ago.
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