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• Non-traditional stable isotopes & why



• Stable isotopes (e.g C, O, S) have been 

used to address some major questions in 

Earth and solar system sciences over the 

last few decades:

– Climate change,

– Carbon cycling,

– Solar nebular processes and planet formation，

– Ore genesis

Traditional & Non-traditional Isotopes



Some Concepts



单细胞动物



• Advances in mass spectrometry around turning 

of the century make it possible to utilise isotope 

variations of other elements to address some 

important issues in Earth sciences.

– Fe, Cu, Zn, Mo, etc.

Traditional & Non-traditional Isotopes



• Stable isotopes (e.g C, O, S、H、N) have been 

used to address some major questions in Earth 

and solar system sciences over the last few 

decades（CHONS）

• Traditional Isotopes

Traditional & Non-traditional Isotopes



• Non-traditional stable isotopes:

• Li、Mg、Ca、Ti、V、Cr、Fe、Cu、Zn、Mo、
Cd、Tl、U etc.

• There is no clear definition

• Metal stable isotopes

Traditional & Non-traditional Isotopes



• Geochemistry

• Cosmochemistry

• Biochemistry

Why Non-traditional Isotopes?



• Geochemistry

• Metallogenesis：Fe， Cu， Zn， etc.

• Redox (Reduction-Oxidation): Fe , Cr, Mo , U etc.

• Heavy  metal pollution；Cr, Hg, Tl, etc. 

Why Non-traditional Isotopes?



• Cosmochemistry

• Condensation  and  evaporation

• Metal segregation

• Redox state

• Nucleusynthesis

Why Non-traditional Isotopes?







• Biochemistry

• Biologically utilised:  Fe, Cu, Zn, Mo, Ca, Mg, etc.

Why Non-traditional Isotopes?



Elements & Isotopes



• Biochemistry

• Biologically utilised:  Fe, Cu, Zn, Mo, Ca, Mg, etc.

• Biosphere-Geosphere intereaction

Why Non-traditional Isotopes?



A brief history … …

Prehistory

(Prelude)

Non-traditional stable 

isotope geochemistry

Turning of the Century



A brief history … …

Prehistory
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Non-traditional stable 

isotope geochemistry

Turning of the Century

MC-ICP-MS



多接收器等离子体质谱仪
MC-ICP-MS



热电离质谱仪
（TIMS）

气体质谱仪



MC-ICP-MS

Nu Plasma HR



高温等离子体，7000K，极高的电离效率；

多个接收器对信号同时接收，获得高精度同
位素比值；

仪器的质量歧视相对稳定

高温等离子体，7000K，极高的电离效率；

多个接收器对信号同时接收，获得高精度同
位素比值；

仪器的质量歧视相对稳定



• Cu isotopes (Shields et al., 1965)

• Zn isotopes (Blix et al., 1957; Rosman, 1972)

• Fe isotopes (Taylor et al., 1992)

• No isotopic variations of natural materials have 

been detected (ca. 1%) 

Prehistory … …



BUG  OFF !



• Li isotopes (Chan, 1987);

• B isotopes (Spivack and Edmond, 1986; Xiao et 

al., 1988)

• Ca isotopes (Russell et al., 1977; Skulan et al., 

1997)

• Slow developments

Prehistory … …



多接收器等离子体质谱仪
MC-ICP-MS



• Europe:

– Lyon Group: Cu, Zn

– Oxford Group: Mg, Cu, Fe, Zn, Ti

– Berne Group: Mo

– ETH: Tl, Fe

The beginning … …



• USA:

– Clark Johnson Group: Fe

– Tom Johnson: Cr, Se

– Ariel Anbar Group: Mo

The beginning … …



• 中国（上世纪八十年代）:

– 中国地质科学: Si、B (丁悌平等）

– 中科院盐湖所：Li、B（肖应凯等）

The beginning … …



• 中国:

– 国土资源部同位素

地质重点实验室: 

2003年建立非传统

稳定同位素分析研

究实验室

The beginning … …

MC-ICP-MS



• Fe, Cu, Zn, Mg, Mo 等测试方法；

• 相关标准物质

• 同位素分馏研究

• 环境、海洋、前寒武纪环境演化、地幔过程、研究作
用、成矿作用、考古

The beginning … …



• 中国科学院地球化学研究所

• 中国科学院广州地球化学研究所

• 中国科学院地质与地球物理研究所

• 西北大学

• 南京大学

• 中国地质大学（北京）

• 中国地质大学（武汉）

• 中国科技大学

The beginning … …



• 一批学者利用国外实验室开展研究；

• 一批学者学成回国。

The beginning … …



几篇早期代表性论文



DS-TIMS





Astrobiology

Unique biosignatures





Fe isotopes are heavy enough  cannot to be fractionated 

inorganically

But light enough to be fractionated biologically





First paper for non-traditional stable isotope 

measurements using MC-ICPMS

Element-doping



First report for non-traditional stable isotope

measurements using standard-sample-bracketing

techniques







Constraints on the homogeneity of 

the early solar nebula

• The degree of chemical & isotopic 

homogeneity of the solar nebula is a 

basic issue in the study of solar 

system evolution;

• Variations in three or more isotopes of 

an element can constrain this issue;



Elements are synthesized in stars 

different stars produce elements with        

different proportions of isotopes





Oxygen isotope anomalies in 

meteoritic materials

• O-isotope anomalies widespread in 

meteoritic materials; 

• Nucleosynthetic signatures?

• Chemical reactions (MIF)?



Oxygen isotope anomalies in meteoritic 

materials

• O-isotope anomalies widespread in meteoritic 

materials; 

• Nucleosynthetic signatures?

• Chemical reactions (MIF)?





• This correlation is very simple,  but very 

important.

• It demonstrates that all the analysed 

terrestrial and extraterrestrial materials 

are ultimately from a single uniform 

source.







Pallasite























展望… …



分析方法发面：

整体样品分析（bulk sample analysis）

→  原位微区分析



整体而言：

方法研发 →  同位素示踪理论



整体而言：

探索性研究→  聚焦重大科学问题



地球科学应用：

太阳系与行星早期演化



地球科学应用：

地球环境氧化还原状态演化



地球科学应用：

生命营养元素循环与生物环境协同演化



地球科学应用：

生命营养元素循环与生物环境协同演化



地球科学应用：

成矿作用与找矿勘探



地球科学应用：

环境科学：重金属污染评估与溯源








