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Abstract

Baddeleyite is a significant mineral successfully applied in the U-Pb geochronology for the
precise dating of mafic rocks from layered intrusions with the platinum group element (PGE)
and Cu-Ni mineralization. The Fennoscandian Shield hosts several layered Pt-Pd, Co-Cr-Ni,
and Ti-V occurrences in the Northern (Karelian) and Southern (Karelian-Finnish) belts. The
aim of this study is to estimate the content and distribution of rare earth elements (REE) in
baddeleyite and to calculate temperatures (7,77) of the U-Pb system closure and baddeleyite
crystallization compared to zircon from Cu-Ni and Pt-Pd deposits in the north-eastern
Fennoscandian Shield. For the first time, baddeleyite crystals from Cu-Ni (Monchepluton) and
Pt-Pd (Monchetundra) reefs of the Monchegorsk ore area have been studied in situ by the
laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) to measure the
U-Pb age of formation and the REE content.

Index terms— baddeleyite; layered intrusions; U-Pb analysis; laser ablation inductively coupled

1 Introduction

addeleyite is a valued mineral for the U-Pb dating of PGE deposits (Bayanova, 2006;Mungall et al., 2016).
Compared to zircon, it is more reliable for precise U-Pb dating of deposits in the north-eastern Fennoscandian
(Baltic) Shield, since it is genetically magmatic. In contrast, zircon can be metamorphic, hydrothermal or occur
as xenocrysts. The study of the trace element composition of zircon is a common practice, while geochemical
characteristics of baddeleyite are poorly studied and contradictory. Thus, the value of Ce-anomaly varies, and
the Eu-anomaly is absent in some analyses ??Reischman et al., 1995; ??ircon, 2003;Schaltegger et al., 2017).
Also, recent studies limelight the crucial role of baddeleyite in the reconstruction of the supercontinents breakup
in the history of the Earth’s evolution ??Bayanova et In Paleoproterozoic PGE layered intrusions, baddeleyite is
found in Pt-Pd and Cu-Ni deposits of the Monchegorsk ore area (Fig. 1). The aim of this study is (i) to estimate
the REE content and distribution in baddeleyite, (ii) to calculate temperatures (?,77) of the U-Pb system closure
and baddeleyite crystallization compared to zircon from Cu-Ni and Pt-Pd deposits in the Monchegorsk ore area,
hosting the recently discovered Pt-Pd Vurechuayvench deposit (north-eastern Fennoscandian Shield, Russia).

2 1II.
3 Resources and Techniques

Baddeleyite was extracted from gabbroanorthosites with the Pt-Pd mineralization in the middle of the
Monchetundra massif (Fig. 1). The age of baddeleyite was estimated (Nerovich et al., 2014) by the U-Pb
method at 2476+5 Ma and 2471+3 Ma (Fig. 2, Table 1). Stacey and Kramers (1975).

The REE content and distribution in baddeleyite were estimated by the following technique. The method of
the electron (LEO-1415) and optic (LEICA OM 2500 P, camera DFC 290) spectroscopy was used to study the
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7 FUNDING

morphology of samples. Points for local analyses on baddeleyite crystals were selected based on the study of their
back-scattered electron (BSE) and cathodoluminescence (CL) images.

Contents of REE and other elements were estimated in situ by ICP-MS on an ELAN 9000 DRC-e (Perkin
Elmer) quadrupole mass spectrometer equipped with a 266 nm UP-266 MA?RO laser (New Wave Research). LA-
ICP-MS was performed using argon with a repetition rate of 10 Hz, pulse duration of 4 ns, the energy density of
14-15 J/cm 2 at a spot with a diameter of 35-100 pm or using scanning ”in a line” (length 35-70 pm), monitoring
and measuring produced craters. NIST 612 glass with the known concentrations of REE, U, Ti, and Th of 40
ppm was used for external calibration as a multi-point calibration forced through the origin after blank correction
(Pearce et al., 1997, Certificate of Analysis, 2012). NIST SRM 610 sample (450 ppm concentration) was used
to check the accuracy of estimations (Yuan et al., 2004; ??ochum et al., 2011). The laser beam diameter was
changed, while the rest parameters were stable: from 35 to 240 pm (point sampling) and from 20 to 155 pm (r
= 0.999) (scanning ”in a line”). As for calibration standards, measurements of the elements were in the range of
15% relative deviations. Determination limits were within 0.01 ppm, a diameter of the laser beam of 155 pm. It
complies with the available data (Yuan et al., 2004). This technique was tested, using analyses of internationally
approved standard zircon samples 91500, TEMORA 1, Mud Tank, and inter-laboratory cross-checks (Boynton,
1984).

4 TIII.
5 Results

Table 2 and Figure 3 provide new data on the contents of REE and other elements in baddeleyite from Pt-Pd
occurrences of the Monchetundra massif.

Baddeleyite from vein pegmatites with the gabbronorite composition from the Monchepluton with Cu-Ni reefs
(Mt. Nyud, Terrace deposit) was studied. Its U-Pb age was estimated at 2505+5 Ma (Bayanova, 2006). Figures
4 and 5 display new LA-ICP-MS data on baddeleyite, which was measured along and across its section. IV.

6 Conclusion

For the first time, the provided research revealed a direct relation between the REE content in baddeleyite and the
formation of Pt-Pd and Cu-Ni reefs. The higher concentrations of TREE in baddeleyite, the higher temperatures
of the U-Pb systematics closure and formation are. Pt-Pd reefs are likely to occur under such conditions. Cu-Ni
reefs form at lower temperatures of the U-Pb systematics closure and crystallization of accessory minerals. These
occurrences display low 7RE? and a wide range of LREE concentrations (Table 2).

V.
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Samplejghted sam- Contents, ppm Pb U Isotope composition of Pb * Isotope ratio and age, Ma ** 206 I
No. ple, mg
for baddeleyite and gabbronorite -anorthosite (medium-to coarse-grained, partly amphibolized)

1 025 94.48 114.75 86 3.3003 2.2134 9.92226
0.450763
2500
2 0.20 57.60 123.14 570 5.5602 11.459 9.08165
0.417879
2430
3 025 30.09 67.86 557 5.6496 8.0718 8.19067
0.385383
2392
for baddeleyite from medium-to coarse-grained gabbronorite-anorthosite
1 0.50 110.70 244.90 1478 5.9187 23.690 9.504470 0.429716 2460
2 035 152.60 359.10 3510 6.1640 35.011 9.119096 0.413367 2441
3 0.50 60.479 136.81 830 5.5615 13.663 8.820570 0.400447 2453
4 0.20 98.025 246.35 1539 6.3461 24.580 8.368770 0.382377 2437

[Note: * The ratios are corrected for blanks of 0.8 ng for Pb and 0.04 ng for U and mass discrimination 0.12 +
0.04%. *]

Figure 7: Table 1 :

18-35-00246,

Figure 8: Table 2 :



7 FUNDING




76
7
78
79

80
81

82
83

84

85
86
87

88
89
90

91
92

93
94
95
96

97
98

99
100
101

102
103
104

106
107

109
110

111
112

113
114
115
116
117

118
119

12C
121
122

123
124
125

126
127
128
129
130
131
132
133
134

.1 Acknowledgments

.1 Acknowledgments

This paper is devoted to the memory of outstanding geologists Academicians F.P. Mitrofanov and V.T.
Kalinnikov, geochemists E.B. Bibikova and J. Wasserbourg, who kindly submitted an artificial tracer 205 to
create a new U-Pb spike for precise U-Pb dating of baddeleyite, in particular.

[Jochum et al.] , K P Jochum , U Weis , B Stoll , D Kuzmin , Q Yang , I Raczek , D E Jacob , A Stracke , K
Birbaum , Frick .

[John M. Hanchar Paul W.O. Hoskin ()] , 53. 500. Zircon. Rev. Miner. Geochem John M. Hanchar & Paul W.O.
Hoskin (ed.) 2003.

[Schaltegger and Davies ()] , U Schaltegger , J H F L Davies . 2017.

[Pearce et al. ()] ‘A compilation of new and published major and trace element data for NIST SRM 610 and
NIST SRM 612 glass reference materials’. N J G Pearce , W T Perkins , J A Westgate . Geostand. Newslett
1997. 21 (1) p. .

[Yuan et al. ()] ‘Accurate U-Pb age and trace element determinations of zircon by laser ablation inductively
coupled plasma-mass spectrometry’. H Yuan , S Gao , X Liu , H Li , D Giunther , F Wu . Geostand. Geoanal.
Res 2004. 28 p. .

[Stacey and Kramers ()] ‘Approximation of terrestrial lead isotope evolution by a two-stage model’. J S Stacey
, J D Kramers . In Earth and Planet. Sci. Lett 1975. 26 (2) p. .

[Bayanova et al.] Baddeleyite from Large Complex Deposits: Significance for Archean-Paleozoic Plume Processes
in the Arctic Region (NE Fennoscandian Shield) Based on U-Pb (ID-TIMS) and LA-ICP-MS Data //
Open Journal of Geology, T Bayanova , V Subbotin , S Drogobuzhskaya , A Nikolaev , E Steshenko .
10.4236/0jg.2019.98031. p. .

[Bayanova ()] Baddeleyite: A Promising Geochronometer for Alkaline and Basic Magmatism // Petrol, T B
Bayanova . 2006. 14 p. .

[Watson et al. ()] ‘Crystallization Thermometers for Zircon and Rutile’ E B Watson , D A Wark , J B Thomas .
10.1007/s00410-006-0068-5. https://doi.org/10.1007/s00410-006-0068-5 Contrib. Mineral. Petrol
2006. 151 p. .

[Bayanova et al.] Layered PGE Paleoproterozoic (LIP) Intrusions in the N-E Part of the Fennoscandian Shield
-Isotope Nd-Sr and 3 He/ 4 He Data, Summarizing U-Pb Ages (on Baddeleyite and Zircon), Sm-Nd Data
(on Rock-Forming and Sulphide Minerals), Duration and Mineralization/Geochronology -Methods and Case
Studies, T Bayanova , F Mitrofanov , P Serov , L Nerovich , N Yekimova , E Nitkina , I Kamensky . p. .

[Bayanova et al. ()] Long-lived mantle plume and polyphase evolution of Palaeoproterozoic PGE intrusions in
the Fennoscandian Shield//Minerals, T Bayanova , A Korchagin ., A Mitrofanov , P Serov , N Ekimova , E
Nitkina , I Kamensky , D Elizarov , M Huber . 10.3390/min9010059. 2019. 9.

[Nerovich et al. ()] ‘Magmatic Sources of Dikes and Veins in the Moncha Tundra Massif’. L I Nerovich , T B
Bayanova , P A Serov , D V Elizarov . Geochem. Intern 2014. 52 (7) p. .

[Mitrofanov ()] New types of mineral raw materials in the Kola Province: discoveries and perspectives. Smirnovsky
Collection of works. Moscow: VINITI RAS, F P Mitrofanov . 2005. p. .

[Mitrofanov et al.] Origin and Exploration of the Kola PGE-bearing Province: New Constraints from
Geochronology/Ore Deposits: Origin, Ezploration, and Exploitation/Edited by Sophie Decree and Laurence
Robb//Geophysical Monograph Series, F P Mitrofanov , T B Bayanova , J N Ludden ., A U Korchagin , V'V
Chashchin , L I Nerovich , P A Serov , A F Mitrofanov , D V Zhirov . 10.1002/9781119290544.chl. (Wiley.
2019. P. 3-36. Print)

[Heaman and Le Cheminant ()] ‘Paragenesis and U-Pb systematics of baddeleyite (ZrO). L M Heaman , A N
Le Cheminant . Chem. Geol 1993. 110 p. .

[Boynton ()] ‘Rare Earth Element Geochem’ W V Boynton . 10.1016/B978-0-444-42148-7.50008-3. http:
//dx.doi.org/10.1016/B978-0-444-42148-7.50008-3 Cosmochemistry of the rare Earth elements:
Meteorite Studies, P Henserson (ed.) (Amsterdam) 1984. Elsevier. p. .

[Nikolaev et al. ()] ‘REE distribution in zircon from reference rocks of the Arctic region: evidence from study by
the LA-ICP-MS method’. A I Nikolaev , S V Drogobuzhskaya , T B Bayanova , T V Kaulina , . M Lyalina
, A I Novikov , E N Steshenko . Doklady Earth Sci 2016. 470 (2) p. .

[Bayanova et al. ()] ‘Timing and duration of Palaeoproterozoic events producing orebearing layered intrusions
of the Baltic Shield: metallogenic, petrological and geodynamic implications’ T Bayanova , J Ludden , F
Mitrofanov . Geological Society Reddy S.M., Mazumder R., Evans D.A.D. & Collins A.S. (ed.) 2009. Special
Publications. p. . ((eds) // Palaeoproterozoic Supercontinents and Global Evolution)

[Reischmann et al. ()] Trace element and isotopic composition of baddeleyite. Mineral Petrology, T Reischmann
, G E Brugmann , K P Jochum , W A Todt . 1995. 53 p. .

[Mungall et al. ()] ‘U-Pb Geochronology Documents Out-of-Sequence Emplacement of Ultramafic Layers in the
Bushveld Igneous Complex of South Africa’ J Mungall , S L Kamo , S Mcquade . 10.1038 /ncomms1338.
https://doi.org/10.1038/ncomms1338 Nat. Comm 2016.


http://dx.doi.org/10.4236/ojg.2019.98031
http://dx.doi.org/10.1007/s00410-006-0068-5
https://doi.org/10.1007/s00410-006-0068-5
http://dx.doi.org/10.3390/min9010059
http://dx.doi.org/10.1002/9781119290544.ch1
http://dx.doi.org/10.1016/B978-0-444-42148-7.50008-3
http://dx.doi.org/10.1016/B978-0-444-42148-7.50008-3
http://dx.doi.org/10.1016/B978-0-444-42148-7.50008-3
http://dx.doi.org/10.1016/B978-0-444-42148-7.50008-3
http://dx.doi.org/10.1038/ncomms1338
https://doi.org/10.1038/ncomms1338

