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Abstract. This study presents the first results of oxygen isotope analyses (δ18O) 

collected on zircons from the Talnakh economic intrusion within the Noril’sk 

province. Zircons from gabbro-diorite, gabbroic rocks of the layered series and 

plagioclase-bearing wehrlite have similar mantle-like mean δ18O values (5,39 ± 

0,48‰; 5,63 ± 0,48‰ and of 5,28 ± 0,34‰, respectively), which differ from δ18O 

in zircons from sulfide-bearing melanocratic troctolite with a taxitic texture in the 

lower part of the intrusion (mean δ18O=6,50 ± 0,98‰). These new oxygen isotope 

data support (i) the mantle-derived origin of the primary magma(s), parental to the 

Talnakh intrusion, and (ii) possible involvement of a crustal component during the 

formation of sulfide-bearing taxitic-textured rocks. 
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Despite the long-term study of ultramafic-mafic intrusions and associated 

sulfide platinum-group elememt-copper-nickel (PGE-Cu-Ni) deposits within the 

Noril’sk province they remain a subject of ongoing debate related to their origin 

([1, 2, 5, 7, 10, 13] et al.). Zircon as an inert mineral has a unique ability of 

preserving the isotope-geochemical signatures of the earlier events (U–Pb age, Lu–

Hf- and O-isotope systems), recording different stages of rocks formation and their 

sources. Detailed investigation of the morphology and internal structure of zircons 

from economic ore-bearing intrusions of the Noril’sk province, combined with in 

situ analytical techniques for geochemical and isotopic analysis, provided new 

information on the timing and origin of rocks from the Kharaelakh, Talnakh and 

Noril’sk economic intrusions [3, 4, 9, 10]. However, analysis of the isotopic 

composition of oxygen in zircon, which serve as a key for an independent 

assessment of the nature of the source, has never been applied for the Noril’sk-type 

intrusions. To fill this gap, the results of the oxygen isotope composition (71 

analyses) in zircons of the Talnakh intrusion associated with the unique PGE-Cu-

Ni sulfide deposit, with disseminated ores in the lower part of the intrusion, 

massive and veinlet-disseminated ores in the lower exocontact (Fig. 1) are 

discussed for the first time. The obtained oxygen isotope data are consistent (i) 

with the mantle-derived origin of the primary magma(s), parental for the Noril’sk-

type intrusions, and (ii) possible involvement of a crustal component during 

formation of sulfide-bearing taxitic-textured rocks. 

Zircons from a range of rocks from the Talnakh intrusion were investigated 

in samples collected from the drill hole OUG-2. They are represented (from top to 

bottom, Fig. 1) by gabbro-diorite (samples T-1, T-2), olivine-free gabbro (sample 

T-5), olivine-bearing gabbro (samples T-6 and T-8), olivine gabbro (samples T-10 

and T-12), sulfide-bearing plagiowehrlite (sample T-13) and underlying sulfide-
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bearing melanocratic troctolite within the taxitic-textured rock horizon (sample T-

16). Detailed studies of the internal structure of zircons, distribution of thorium, 

uranium and rare earth elements, as well as U–Pb and Lu–Hf isotopic results have 

been presented previously [4, 10].  

The oxygen isotope analyses for zircon were conducted using a Cameca IMS 

1280 HR2 ion microprobe located in the Center for Microscopy, Characterisation 

and Analysis (CMCA) at University of Western Australia, following the analytical 

procedure reported by Martin et al. [11, 12]. A Cs+ primary ion beam with an 

accelerating voltage of 20 KeV and an intensity of 3 nA was focused on the sample 

area with a diameter of 20 microns. Each measurement consisted of 15 counting 

cycles of 10 seconds, which provided reproducibility at the level of 0.2‰. 

Instrumental mass fractionation was corrected using the Temora II standard 

(δ18O=8.2‰) according to the procedure given in [8]. The results of the oxygen 

isotopic composition are presented in ‰ relative to the international standard 

Vienna Standard Mean Ocean Water (VSMOW): 

δ18Osample=[(18O/16O)sample/(
18O/16O)VSMOW -1] × 1000. 

The range of δ18O values in zircons for the entire set of analyzed samples 

from the Talnakh intrusion varies from 4,65 to 7,61‰ (Table 1). Zircons from 

gabbro-diorite (sample T-1 and T-2), gabbroic rocks of the layered series (samples 

T-5, T-6, T-8, T-10 and T-12) and plagioclase-bearing wehrlite (sample T-13) are 

characterized by similar variations of δ18O (4,59-6,44‰, 4,74-6,40‰ and 4,85-

5.80‰, respectively) and similar mean δ18O values (5,39 ± 0,48‰ (n=27), 5,63 ± 

0,48‰ (n=34) and 5,28 ± 0,34‰ (n=7), Table 1). Zircons from the sulfide-bearing 

melanocrativ troctolite within the taxic-textured rock horizon in the lower part of 

the intrusion (sample T-16) have the most elevated δ18O values (5,76-7,61‰, with 

a mean of 6,50‰ and a standard deviation of 0,98‰, n=3, Table 1). 

It is accepted that the mantle-derived magmas and zircons formed in high-

temperature equilibrium with mantle melts have a narrow range of δ18O (5,3 ± 

0,6‰ [6, 15]). Therefore, the δ18O value can be used as a proxy to distinguish 
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between mantle-derived magmas that have not undergone changes from rocks that 

have supracrustal component in theior source or underwent hydrothermal alteration 

processes ([14], etc.). The oxygen isotope data for zircons from the Talnakh 

intrusion are in good agreement with the δ18O values from a preceding whole-rock 

O-isotope study [5] for samples including gabbroic rocks of the layered series (4,7-

5,9‰), sulfide-bearing ultramafic rocks (5,2-5,9‰) and taxitic-textured lithologies 

in the lower part of the Talnakh intrusion (6,8-8,4‰). The new results support (i) 

the mantle-derived origin of the primary magmas, parental to the Talnakh 

intrusion, and (ii) possible involvement of a supracrustal component during 

formation of sulfide-bearing taxitic-textured rocks.  

The similarity of the O-isotopic composition of the zircons in our study with 

that of mantle rocks (δ18O=5,3 ± 0,6‰ [6, 15], Fig. 1) suggests that the oxygen 

isotope compositions for the dominant populations of zircons have not changed 

after their formation. The obtained evidence for the mantle-derived origin for 

zircons of the Talnakh intrusion is also consistent with the hafnium isotope data 

obtained previously. A majority of Hf-isotope data (mean εHf=9.1 ± 3.2; n = 40 

[10]) show signatures typical of the juvenile source, reflecting the significance of 

the depleted mantle component in the primary melts of the Talnakh intrusion. 

Consistently, the oxygen isotope data also suggest the leading role of mantle-

derived magmas in the generation of the Noril’sk-type intrusions. 
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Fig. 1. Variations in oxygen isotope composition (δ18О) of zircon from rocks of the 

Talnakh intrusion (drill hole OUG-2). Gray area correspond to oxygen isotope 

variations in zircons from mantle-derived magmas (δ18О = 5,3 ± 0,6‰ [6, 15]). 
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Table 1. Summary of O-isotope data (δ18O, ‰) for zircon from rocks of the Talnakh intrusion  

Sample 

number 

Lithology Mean MSWD Minimum Maximum Number of 

analyses 

T-1 Gabbro-diorite 5.61 0.49 4.59 6.44 13 

T-2 Gabbro-diorite 5.20 0.41 4.65 5.97 14 

T-1, T-2 Gabbro-diorite 5.39 0.49 4.59 6.44 27 

T-5 Olivine-free gabbro 5.63 0.21 5.35 5.78 4 

T-6 Olivine-bearing gabbro 5.64 0.45 4.74 6.08 9 

T-8 Olivine-bearing gabbro 5.39 0.48 4.76 6.21 10 

T-10 Olivine gabbro 5.85 0.54 4.81 6.40 8 

T-12 Olivine gabbro 5.89 0.53 5.35 6.41 3 

T-5, Т-6, Т-

8, Т-10, Т-12 

Gabbroic rocks of the 

layered series 

5.64 0.48 4.74 6.41 34 

T-13 Plagioclase-bearing 

wehrlite 

5.28 0.34 4.85 5.81 7 

T-16 Melanocratic troctololite 6.50 0.98 5.77 7.61 3 

Note. MSWD – mean square weighted deviation. 

 


