2014 6 33 3
June 2014 MINERAL DEPOSITS 33 3 497~510

0258-7106 2014 03-0497-14

238U 235U

12
1 100037
2 100083
238U 235U
38 23y 1.3%0 MC-ICPMS
+0.2%0 26 8 235y

5238 2351 _

5238 23517 B

Pb-Pb
ZSSU 235U
U-Pb
P397° .1 A

28U/>3U isotope fractionation in nature and its geological applications

XU LinGang'+?
(1 MLR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources, Chinese Academy of Geological
Sciences, Beijing 100037, China; 2 State Key Laboratory of Geo-Processes and Mineral Resources, China University of Geosciences,
Beijing 100083, China)

Abstract

Uranium is the heaviest radioactive element in nature. The *U/?*U isotope ratio has long been considered
invariant in nature; nevertheless, it has been proved in recent years that the §°%?* U fractionation between eux-
inic and oxic sediments can reach up to 1.3%o, much higher than the analytical precision of +0.2%0 (2¢) for the
multi-collector inductively coupled plasma mass spectrometry (MC-ICPMS). Experimental results and theoreti-
cal calculation indicate that the mechanism of >*U/?*U fractionation is a mass-independent, volume-dependent
fractionation mechanism called Nuclear Field Shift. The largest isotope variations found in nature are between
oxidized and reduced depositional environments, with seawater and suboxic sediments falling in between. Heavy

538235 values were observed for black shales precipitated under reducing environments. In contrast, light
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§*38/2331 isotope compositions were observed for manganese curst representing for oxidized sedimentary environ-
ment. Due to the redox-sensitive property, U isotope {ractionation is a promising proxy for paleo-redox condi-
tions of the Earth’s oceanic system and atmosphere. Moreover, U isotope fractionations were observed between
redox sensitive high temperature and low temperature uranium deposits (represented by magmatic and sandstone
type, respectively), which can be applied to ore genesis identification and ore-forming process studies. The
281U/23U isotope ratio is a cornerstone of the high-precision U series dating that defines the absolute age of the
solar system. The discovery of 2*U/?*Uvariations in nature implies that the U isotope fractionation should be
considered during high-precision U-Pb dating, especially for young U-bearing minerals. The author here pro-
vides an overview of the uranium geochemistry and its isotope system with the purpose of promoting applications
both as the redox proxy and the indicator of ore genesis.

Key words: geochemistry, uranium isotope, isotope fractionation, nuclear field shift, redox environment,

black shale, high resolution U-Pb geochronology
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