
Contents

Introduction................................................ .................................
Frank Wombacher, k e -D è s ứ é e  Schmitt，Nikolaus Gussone 
如٥ Alexander Heuser
1 Introduction to Calcium Stable Isotope G e ắ e m s try  . . . . . . . .

1.1 Alkaline Earth Elements . . . . . . . . . . . . . . . . . . . . . . . .
1.2 C ^ c iu m ^ d  Its Isotopes........................................................
1.3 Notations in Ca Stable Isotope Geochemstty. . . . . . . . . .
1.4 History of Ca Stable Isotope R e s e ih  . . . . . . . . . . . . . .
1.5 Applications of Ca Stable Isotope Geochemistry. . . . . . . .
1.6 Other Applications of Ca Isotopes: Cosmogenic

41ca and Tracer Studies . ٠ . . . . . . . . . . . . . . . . . . . . .  .
2 Principles 0Ï Mass-Dependent Stable Isotope Fractionation . . . .

2.1 Equilibrium Isotope P i o n m g .................................... ..
2.2 Kinetic Stable Isotope Fractionation . . . . . . . . . . . . . . . .
2.3 Open System Rayleigh Fractionation and Closed System 

Equilibrium Fractionation
2.4 The Mass-Dependence of Equilibnum and Kinetic Stable 

Isotope Fractionations. . . . . . . . . . . . . . . . . . . . . . . . . .
2.5 Experimental Determination of Equilibrium Isotope 

Fractionation Factors. . . . . . . . . . . . . . . . . . . . . . . . . . .
References...............................................................................................

Analyttcai Methods..................................................
Alexander Heuser，Anne־Désừée Schmitt，Nikolaus Gussone 
and Frank Wombache
1 Introduction.................................................· · · . · . · · · · · · · · . ·
2 Notations and Data Presentation. . . . . . . . . . . . . . . . . . . . . . .

2.1 6>N0tati0n . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .
2.2 Fractionation Factor (ạ)...........................................................
2.3 Δ-Notatíoĩi..............................................................................
2.4 eGa־Notation for Radiogenic 4٥Ca Ingrowth . · · · . . · · · · ·
2.5 ε- and μ-Notations ئ Cosmochemstty . . . . . . . . . . . . . .

3 Reference Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3.1 Used Reference M aterias......................................................
3.2 Conversion of SValues Based on Different

Reference Materials ................................................................

2
 

5
 

6
 

7

0

0
 

3
 

Η
 

H
 

1
 

Η
 

H
 

2

2

2

2

2

2

2

2

2

2

 

2

http://d-nb.info/988539365


4 Sample Preparation...................................... ... 31
4.1 Digestion and C leấn g  Techmques . . . . . . . . . . . . . . . .  31
4.2 Chemical Separation................................................................ 35

5 Mass Spectrometry................................................. ......  37
5.1 Introduction to Mass spectrometry for Ca Isotope

Andysis . . . . .  ٠ . . . ٠ . ٠ . . . . . . . ٠  . . . . . . . . . . . . . .  . 37
5.2 Themal Ionization Mass spectrometry (TIMS) . . . . . . . .  39
5.3 Multiple Collector Inductively Coupled Plasma

Mass Spectrometry (MC-ĨCP：MS) . . . . . . . . . . . . . . . . .  43
5.4 Double Spike Approach for Stable Isotope Analysis . . . . .  54
5.5 Other Instrumentation 57
5.6 Error Representation...............................................................  58

References......................................... ................................................ .. 66

Calcium Isotope Fractionation During Mineral Precipitation
from Aqueous S o lu tio n ..............................................  75
Nikolaus Gussone and Martin Dietzel
1 Inorganic Precipitation Experiments . . . . . . . . . . . . . . . . . . . .  75

1.1 c ^ 0nates〜 · · … · · · · … … … · · · · . · · · . .  · · ·  76
1.2 S u l f a t e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83
1.3 Other (Hydrous) Phases. ........................................................  86
1.4 EASi Fractionation Durrng Mineral Precipitation

from Aqueous Fluids . . . . . . . . . . . . . . . . . . . . . . . . . .  88
2 Calcium Isotope Fractionation Models for Calcium

Carbonate Form ation......................................................................  89
2.1 I c i p l e s  and Conceptions of Isotope Fractionation

Models 89
2.2 СошршБоп of Ca Isotope Fractionation Models

and Concluding Remarks. . . . . . . . . . . . . . . . . . . . . . . .  93
3 Inorganic Mineral Precipitation in Natural Environments. . . . . .  95

3.1 Carbonates. 95
3.2 Phosphates...................................................................   102
3.3 Sulfates.................................................................   102

4 Diffusion, Exchange and Adso^tion of Cations
in Aqueous Systems. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104

R efe ren ces····· ................................................................................... 106

Вюшпегак and B iom aterial.............................................................  I l l
Nikolaus Gussone and Alexander Heuser
1 Procaryota—Microbkl Induced Biomineralisation· . . . . . . . . . .  112
2 P ro tista ··...........................................................................  113

2.1 F o ra i i f e r a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113
2.2 Coccolitìiophores . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120
2.3 C a lc io u s  Dmoflagellates...................................................... 123
2.4 Coralline Algae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124



3 Metazoa
3.1 Sclerosponges....................................... ..
3.2 Corals........................................................................................
3.3 Molluscs...................................................................... ..
3.4 Brachiopods..............................................................................
3.5 Other Taxa · · . · · · .  . · · · · · . · · · · · · · · · · · . · · · · . · ·

4 Applications，Ecosystems and Climate Change. . . . . . . . . . . . .
4.1 Monitor of Trophic L evels...
4.2 Archaeology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4.3 Paieoclimate . . . . . . . .  ٠ ٠

References...............................................................................................

Earth-Surface Ca Isotopic Fractionations.......................................
Anne-Désừée Schmtt
1 ktroduction.
2 5ฬ 40〇٥ Fractionations Related to Continental Weathering 

P r o c e s s e s . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .
2.1 Range of S44/4٠Ca Variations in Earth-Surface

Processes......................................... ..
2.2 Forested Ecosystems...............................................................
2.3 Non־forested Ecosystems. . . . . . . . . . . . . . . . . . . . . . . .

3 Change in g44/4٥Ca Signature During Downstream
Transportation into the Ocean .........................................................
3.1 b n p o i c e  of Ле б44/4〇Са Weathering Flux

to the Oceans...........................................................................
3.2 รท1ฝ 1 Scale Catchments . . . . . . . . . . . . . . . . . . . . . . . .
3.3 Globd Scale Catchments. . . . . . . . . . . . . . . . . . . . . . . .

4 Potentid of Ca Isotopes Applied to E i-S u rfa c e  Processes . . .
4.1 Ca Cyctog Processes W i to
4.2 Ca U p táe  Mechanisms Within ứie Rhizosphere. . . . . . . .
4.3 Ca Recycling by the Vegetation............................................
4.4 Time Integrated Vegetal Turnover Marker. . . . . . . . . . . .
4.5 Hydrological Tracer...............................................................

5 Conclusion........................................................................... ..
R e f e r e n c e s . . · . . · · . · · . . · · . · · · , · · . . · · . . · · · · · . . . · . · . ·  

Global Ca Cycles: Coupling of Continental
and Oceanic Processes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Edward T. Tipper, Mne-Désừée Schmitt and Nikolaus Gussone
1 Introduction...........................................................................
2 Principal CaResenoirs at the Earths Surface: Estimates 

ofg4,4٠Ca
2.1 Rocks...............................................................
2.2 Hydrosphere...........................................................................
2.3 Biospheric Cycling of C a . . . . . . . .  . . . . . . . . . . . . . . .
2.4 S o ils ...
2.5 Atmospheric Ca in Dust and Rain Waters . . . . . . . . . . . .

3 Modem Global Budgets of C a . ......................................................
3.1 тае Continental Cycle of C a .................................................
3.2 The 00๗ 0 Cycle of C a .............................................. ..

ا
ا25

25
125
ا
ا29
ا33
ا34
ا35
ا35
ا37
ا38
ا40
ا45
ا45
ا46
ا46
ا49
ا57
ا59
ا59
ا59
61

ج
إ
ا63

64
.64
.65

ا

65
66
66
.73
73
76
76
78
88
89
96
99
99
00

 

Η

Η

Η

Η

Η

Η

1

Η

1

Η

Η

 

H
 

1
 

1
 

H

H

H

 

1
 

1

1

1

1

1

1

 

1
.
 

1

1

1

1

 

1
 

1
 

Η

Η

Η

Η

Η

Η

Η

Η

2



4 Global Са Cycling ئ Earth’s Histoty . . . . . . . . . . . . . . . . . . .
4.1 Archives of ô^/4٥CaSw ..........................................................
4.2 Past C h ą e s  in δ44/* ό α δψ ...................................................

5 Conclusions........................................................................................
References...............................................................................................

High Temperature G i h e i t r y  and C o s m á e i t r y  . . . · · · ·  
Martin Schiller，Nikolaus Gussone and Frank W o m b áer
1 High Temperature Ca Isotope Geochemistry of Terrestóal

Silicate Rocks，Minerals and Melts.................................................
1.1 Calcium Isotope Fractionation Between Minerals Formed

at High Temperatures.............................................................
1.2 Igneous Rocks....................................... ..
1.3 1  Earth’s Silicate Reservoirs and Global Tectonics . . . .
1.4 Diffosion in Silicate Melts......................................................

2 Extraterrestrial Materials..................................................................
2.1 Scope and Framework of Ca Isotope Cosmochemistiy···
2.2 Nucleosynthesis of Ca Isotop ............................................
2.3 Nucleosynthetic Ca Isotope Signatures

in Presolar Grains....................................................................
2.4 Nucleosynthetic Anomalies in Meteorites

and Cdcium-Alumnum-Rich Inclusions (CAIs). . . . . . . .
2.5 Mass-Dependent Variations in CAIs

and Related Experiments........................................................
2.6 Mass-Dependent V É tio n s  in Meteorites . . . . . . . . . . . .
2.7 Lunar Samples.........................................................................

3 1 4٥К~4٥Са Decay System.....................................................
3.1 Evolution of Earth’s R eservo ir............................................
3.2 Dating.......................................................................................

References...............................................................................................

Biomedical Application of Ca Stable Isotopes
Alexander Heuser
1 k o d u c tio n ........................................................................................
2 Ca Isotope Transport M o d el..........................................................

2.1 Ca Isotopic Composition of the Diet.....................................
2.2 FromF^dtoBlOod.........................................................
2.3 Fractionation Between Soft Tissue

and Mineralized Tissue..........................................................
2.4 Fractionation ئ the K idneys.................................................
2.5 Calcium Isotope Fractionation During Milk Lactation . . . .
2.6 Calcium Use Index (C W )......................................................

3 The Individuality of the Ca Metabolism . . . . . . . . . . . . . . . . .
4 Current Biomedical Application of Ca Isotopes . ٠. . . . · · · · ·٠

4.1 Bone Loss............................................ . . . . . . . . . . . . .
4.2 Bone C ancer...........................................................................

5 Summary and O utlook....................................................................
References...............................................................................................

0

04
0

1

1

 

2
 

2
 

2

2

2

2

3

3

3

 

3
 

3

7
 

8
 

9

9

9

 

1

3
 

3

3

3

3

3

4

4

 

2

2

2

2

2

2

2

247

7

8

8

9

 

Η

3

5

5

5

6

6

8

8

9

 

4

Д

4

4
 

5

5

5

5

5

5

5

5

5

5

 

2

3

2

2،
2

2Í
2

2

2

2

2

2

2

2


