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Abstract—The *He/*He in materials derived from the mantle (=10 X 10 ®) is decreasing in the course
of time and approaches the radiogenic value (~107*) during ~1 Ga. Some minerals, however, trapped
volatiles, including He, and preserve them well during a much longer time; correspondingly, the isotope
composition of trapped He in the minerals may shed light on the relation between crustal and mantle
He in ancient fluids.

Concentrations of U, Th, and K and noble gas (He and Ar) isotopes were measurced in crustal charnockite
series rocks and rock-forming minerals from the Vezha Tundra Complex, Kola Peninsula. The U-Pb
zircon age of the Complex is 2.8 Ga. Amphibole was found to be the principal concentrator of He: “He
concentrations attain 670 X 107° cm®/g, greater than that cxpected from U and Th decay, implying a
significant contribution from a trapped He component. The measured *He/*He ratios (~0.2 X 10°) are
considerably higher than the radiogenic value, and the *He concentrations are up to 25 times higher than
those which could be produced from nuclear processes. Therefore, mixing of crustal and mantle volatiles
appears to be responsible for the observed *He/*He ratios. Partial degassing of the meit in the course of
crystallization differentiation was revealed by the increase of *He/*Aryap from ~2.5 in hypersthene to
10 in amphiboles, formed close to the end of the process.

A similarity of U-Pb and K-Ar ages suggests that the rocks have not been altered by relatively recent
metamorphic processes and have conserved He, trapped since crystallization.

Distribution of U, Th, *He, and *H implics a considerable release of Hegap by the rocks and minerals

whereas Hergar appears to be preserved,

1. INTRODUCTION

3He/*He RATIOS ARE WIDELY USED as a geochemical tracer
of recent geodynamic processes, particularly those accom-
panied by fluid migration. These ratios, for rocks and fluids
of the continental crust, showed decreasing values, with
mantle values = 10 X 107 and crustal radiogenic values of
=1 X 1078, High ratios are typical of young magmatic rocks
of mantle origin and of thermal fluids associated with such
rocks and/or directly with magmatic activity; loss of mantle
He from crustal materials and production of radiogenic ‘He
in the crust by radioactive parent elements decrease the bulk
*He/*He ratios to radiogenic values, observed in ancient rocks
of the crust and in appropriate fluids, within about | Ga
{(POLYAK et al., 1976; MAMYRIN and TOLSTIKHIN, 1984; Po-
LYAK and TOLSTIKHIN, 1985). This suggests that an age of
=1 Ga is the limit for the use of the *He/*He ratio.

However, some rocks and/or mincrals can conserve mainly
trapped helium during much longer time intervals due to low
concentrations of the parent elements as compared with con-
centrations of trapped He, viz. low (U + Th)/Herrap ratios
(this situation will be discussed elsewhere), and better con-
servation of trapped He as compared with radiogenic He,
viz. 10w Hegap/Hemmap ratios in minerals.

Some minerals are known to trap and conserve a number
of volatiles well, including He: amphibole is one such mineral
and is probably one of the best “samplers™ for crustal fluids
(GERLING et al., 1976; SAITO ¢t al., 1978; MAMYRIN and
TOLSTIKHLN, 1984). Accordingly, the isotope composition of
He, trapped and preserved by these minerals, helps clarify
the relation between crustal and mantle He in ancient fluids.
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The aim of this work is to describe the genesis of fluids,
which participated in the Archaean crustal magmatic pro-
cesses or even stimulated them, by means of He and Ar iso-
tope distributions in ancient crustal rocks and in rock-forming
minerals.

2. SAMPLES

The samples used in this study are from the Vezha Tundra
Complex, in the central region of the Kola Peninsula (Fig.
1). The Complex is composed of charnockite series rocks
(VETRIN, 1990): plagiopyroxenites, metagabbros, and meta-
gabbro-norites (about 30% of the outcrop area); mesocratic
enderbites and mangero-enderbites (60%) formed due to the
crystallization differentiation of epi-andesite melt; and leuco-
enderbites formed due to melting of mesocratic enderbites
during subsequent granulite-facies metamorphism (10%).
Lead-uranium ages for “magmatic” and “metamorphic” zir-
cons were found to be 2850 £ 30 and 2775 + 20 Ma, re-
spectively (BIBIKOVA, 1989); later alteration of the rocks has
not been found.

Thin sections show that the magmatic minerals of the
rocks, pyroxenes, and basic plagioclases, were formed at the
beginning of the crystallization process and thereby imply a
low concentration of water in the melts.

The chemical composition of rock-forming minerals
changes in a cerain way in the following array of the rocks:
plagiopyroxenites, gabbro, gabbro-norites, mangero-ender-
bites, enderbites. These changes are typical of syngenetic series
of rocks, which crystallized during a continuous decrease in
temperature: basification of plagioclases and of the rocks as




