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[bookmark: _Toc106199013]1.1. Introduction
Development of a global-scale geochemical database has been an active topic of discussion among applied geochemists for over four decades (Darnley, 1990, 1997; Darnley et al., 1995; Bølviken et al., 1996; Smith et al., 2018). This is a database involving multiple sample media covering the entire land surface of the Earth that requires consistent and standardised methods for sampling, sample preparation, analysis and quality control. The data sets shall be based on the systematic collection and analysis of random samples of rock, residual soil, organic material (humus), stream water, stream sediment, overbank sediment and floodplain sediment from all countries. High quality and consistency of the generated data sets shall be achieved by using standardised sampling and sample preparation methods, and by analysing all collected samples in the same laboratories for the same suite of determinands as has already been done in the geochemical mapping of Europe (Salminen et al., 2005; De Vos, Tarvainen et al., 2006). 
The present Manual contains comprehensive instructions for selecting random sample sites (Chapter 2) and for collecting each sample medium (Chapters 3.1 to 3.5). Further, it includes methods for sample preparation and storage (Chapter 4), development of reference materials (Chapter 5), geoanalytical methods (Chapter 6), quality control procedures (Chapter 7), data conditioning (Chapter 8), database management and map plotting (Chapter 9), and project management (Chapter 10).
The methods described in this Manual should prove useful to applied geochemists designing and implementing systematic geochemical surveys at any mapping scale.
[bookmark: _Toc106199014]1.2. Need for global geochemical baseline data
There is worldwide concern over the potentially damaging effects of chemicals in the environment on the health of humans, animals, and ecosystems (e.g., Nriagu, 1979; Thornton, 1983, 1988; Nriagu and Pacyna, 1988; Plant et al., 2001, 2005; Plant and Smith, 2003; Skinner and Berger, 2003; Selinus et al., 2005, 2010, 2013; Hester and Harrison, 2006; Gaans et al., 2007; CDC, 2009, 2021; Chen et al., 2021). Economic development and population growth are exacerbating such problems as land degradation and contamination from uncontrolled urbanisation, industrialisation, deforestation, intensive agricultural practices, and overexploitation of aquifers. These human activities, together with natural processes (e.g., volcanic eruptions, weathering, erosion, flooding, desertification, devastating forest fires and extremes of weather-driven by changing climate) are having an impact on the geochemistry of the Earth’s land surface and the sustainability of its life-support systems from the local to the global scale (FAO and ITPS, 2015; FAO and UNEP, 2021). There is also concern about the need to meet worldwide future demands for mineral and energy resources (EC, 2020). This requires the discovery of new resources and their development in an environmentally responsible manner (Nickless et al., 2015; Ali et al., 2017).
Defining and understanding the current abundance and spatial distribution of chemicals in the Earth’s surface or near-surface environmental compartments such as soil, sediment, surface and groundwater, and vegetation, the so-called ‘critical zone’ (Brantley et al., 2007), are essential first steps in being able to recognise, quantify, and ultimately address natural or human-induced changes in the future. Darnley et al. (1995, p.x) summarised the need for a harmonised global geochemical database with the following timeless statements:
	

	“Everything in and on the earth - mineral, animal and vegetable - is made from one, or generally, some combination of, the naturally occurring chemical elements (Fig. 1.1). Everything that is grown, or made, depends upon the availability of the appropriate elements. The existence, quality and survival of life depends upon the availability of elements in the correct proportions and combinations.
Because natural processes and human activities are continuously modifying the chemical composition of our environment, it is important to determine the present abundance and spatial distribution of the elements across the Earth’s surface in a much more systematic manner than has been attempted hitherto”.


Five years later, Dr. Mary Lou Zoback, former President of the Geological Society of America, condensed the same issue eloquently in her Geological Society of America’s 2000 Presidential address:
	

	“Documenting and understanding natural variability is a vexing topic in almost every environmental problem: How do we recognize and understand changes in natural systems if we don’t understand the range of baseline levels?” (Zoback, 2001, p.41).
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Figure 1.1. Graph showing the relationship between selected major and trace element mean concentrations in the upper continental crust and human blood. Their similar trend indicates that there is a close relationship between the chemical composition of human blood and the materials of the upper continental crust, although there is a significant difference in magnitude. Data sources: Upper Continental Crust (Reimann et al., 2004, Table 11.1, p.105); Human blood (ALS Global, 2021). Drawn with Golden Software’s Grapher™ v20 by Alecos Demetriades, Hellenic Institute of Geology and Mineral Exploration (IGME) & IUGS Commission on Global Geochemical Baselines (IUGS-CGGB). 
Systematic geochemical mapping is the best method available to assess and provide a baseline for monitoring changes in the levels of chemical elements at the Earth’s surface (e.g., Reimann and Caritat, 2005; Reimann et al., 2018). Geochemical maps have traditionally been valuable in addressing a range of environmental problems at the local to national scale (e.g., Thornton and Howarth, 1986; Birke et al., 2015; Demetriades et al., 2018; Levitan et al., 2018; Lich, 2018), as well as for identifying areas with potential mineral resources (e.g., Reimann and Caritat, 2005; Reimann et al., 2007; Rapant et al., 2008; Demetriades, 2014, 2021; Birke et al., 2016; Reimann et al., 2016; Caritat, 2018). 
Several decades of geochemical mapping by national geological surveys and related organisations throughout the world have resulted in a wealth of valuable information (e.g., Plant and Ridgway, 1990; Plant et al., 1996, 1997; Darnley et al., 1995; Garrett et al., 2008). However, these data do not provide global coverage and cannot readily be applied to broader-scale regional or global studies because they have been generated by different sampling, sample preparation, and analytical methods. Part of the reason for this inconsistency is that there are no internationally accepted standards for geochemical surveys.
To be useful and authoritative, particularly at the global scale, geochemical baselines must be derived from data generated according to well-defined protocols that are applicable across a wide range of geomorphological landscapes, climatic zones, and ecological regions. It is possible that incompatible regional geochemical data sets could be more effectively used if normalised to a Global Geochemical Reference Network data set, that is, data generated from a worldwide suite of geochemical samples collected, prepared, and analysed using a universally consistent set of protocols. The purpose of this Manual of standard geochemical methods is to provide detailed instructions for establishing this global reference data set.
According to Darnley et al. (1995), the Global Geochemical Reference Network multi-media samples and the ensuing databases are intended to serve several purposes by providing:

(1) Authoritative documentation concerning the chemical and mineralogical composition of a variety of surficial materials at locations evenly spaced over the land surface of the globe.
(2) A supply of locally relevant standard reference materials for ongoing use in the region of origin.
(3) A random set of global reference network points for normalising national and international geochemical databases.
(4) A framework of systematic baseline data will make possible the preparation of a World Geochemical Baseline Atlas.
(5) Samples on which further work can be undertaken, e.g., to undertake isotopic analysis, speciation studies, determine organic pollutants, etc., and
(6) Sites for recurrent monitoring in the future, to facilitate the recognition and measurement of ‘change’, from whatever cause, natural or human-induced.
[bookmark: _Toc106199015]References
Note: All hyperlinks were checked on the 15th of December 2021.

Ali, S.H., Giurco, D., Arndt, N., Nickless, E., Brown, E., Demetriades, A., Durrheim, R, Enriquez, M.A., Kinnaird, J., Littleboy, A., Meinert, L.D., Oberhänsli, R., Salem, J., Schodde, R., Schneider, G., Vidal, O. & Yakovleva, N., 2017. Mineral supply for sustainable development requires resource governance. Nature, 543, 367–372; https://doi.org/10.1038/nature21359.
ALS Global, 2021. Reference data - Biomonitoring: Trace elements in human biological material. http://www.alsglobal.se/media-se/pdf/reference_data_biomonitoring_120710.pdf. 
Birke, M., Rauch, U. & Stummeyer, J., 2015. How robust are geochemical patterns? A comparison of low- and high-density geochemical mapping in Germany. In: A. Demetriades, M. Birke, S. Albanese, I. Schoeters & B. De Vivo (Guest Editors), Continental, Regional and Local scale Geochemical Mapping. Special Issue, Journal of Geochemical Exploration, 154, 105−128; https://doi.org/10.1016/j.gexplo.2014.12.005.
Birke, M., Reimann, R., Oorts, K., Rauch, U., Demetriades, A., Dinelli, E., Ladenberger, A., Halamić, J. Gosar, M., Jähne-Klingberg, F. & The GEMAS Project Team, 2016. Use of GEMAS data for risk assessment of cadmium in European agricultural and grazing land soil under the REACH Regulation. Applied Geochemistry, 74, 109−121; https://doi.org/10.1016/j.apgeochem.2016.08.014.
Bølviken, B., Bogen, J., Demetriades, A., De Vos, W., Ebbing, J., Hindel, R., Langedal, M., Locutura, J., O’Connor, P., Ottesen, R.T., Pulkkinen, E., Salminen, R., Schermann, O., Swennen, R., Van der Sluys, J., Volden, T., 1996. Regional geochemical mapping of Western Europe towards the year 2000. Journal of Geochemical Exploration 56(2), 141−166; https://doi.org/10.1016/0375-6742(96)00025-8.
Brantley, S.L., Goldhaber, M.B. & Ragnarsdottir, V., 2007. Crossing disciplines and scales to understand the Critical Zone. Elements, 3(5), 307−314; https://doi.org/10.2113/gselements.3.5.307.
Caritat, P. de, 2018. Continental-scale geochemical surveys and mineral prospectivity: Comparison of a trivariate and a multivariate approach. Journal of Geochemical Exploration, 188, 87−94;  https://doi.org/10.1016/j.gexplo.2018.01.014.
CDC (Centers for Disease Control and Prevention), 2009. Fourth National Report on Human Exposure to Environmental Chemicals. Department of Health and Human Services, Centers for Disease Control and Prevention, Atlanta, GA, 519 pp.; https://www.cdc.gov/exposurereport/pdf/fourthreport.pdf.
CDC (Centers for Disease Control and Prevention), 2021. Fourth National Report on Human Exposure to Environmental Chemicals: Updated Tables, March 2021. Department of Health and Human Services, Centers for Disease Control and Prevention, Atlanta, GA, 707 pp.; https://www.cdc.gov/exposurereport/pdf/FourthReport_UpdatedTables_Volume1_Mar2021-508.pdf.
Chen, B., Hu, L., Liu, J., Bai, Y., Zhang, H., Wu, B., Liu, J. & Guo, Ζ., 2021. High-resolution depositional records of lead isotopes and polycyclic aromatic hydrocarbons in the Bohai Sea, China: Implications for a sediment footprint of anthropogenic impact. Marine Geology, 432, 106396; https://doi.org/10.1016/j.margeo.2020.106396.
Darnley, A.G., 1990. International geochemical mapping: a new global project. In: A.G. Darnley and R.G. Garrett (Editors), International Geochemical Mapping – IGCP Project 259. Special Issue, Journal Geochemical Exploration, 39(1/2), 1−13; https://doi.org/10.1016/0375-6742(90)90066-J.
Darnley, A.G., 1997. A global geochemical reference network: the foundation for geochemical baselines. Journal of Geochemical Exploration, 60(1),1−5; https://doi.org/10.1016/S0375-6742(97)00020-4.
Darnley, A.G., Björklund, A., Bølviken, B., Gustavsson, N., Koval, P.V., Plant, J.A., Steenfelt, A., Tauchid, M., Xuejing, X., Garrett, R.G. & Hall, G.E.M., 1995. A global geochemical database for environmental and resource management.  Final report of IGCP Project 259. Earth Sciences, 19, UNESCO Publishing, Paris, 122 pp.; http://globalgeochemicalbaselines.eu.176-31-41-129.hs-servers.gr/datafiles/file/Blue_Book_GGD_IGCP259.pdf.
[bookmark: _Hlk77856792]Demetriades, A., 2014. Basic considerations: Sampling, the Key for a Successful Applied Geochemical Survey for Mineral Exploration and Environmental Purposes. Chapter 15.1 In: W.F. McDonough (volume Editor), Analytical Geochemistry/Inorganic Instrument Analysis. In: H.D. Holland & K.K. Turekian (Executive Editors), Treatise on Geochemistry. Elsevier, Oxford, vol. 15, 1−31; https://doi.org/10.1016/B978-0-08-095975-7.01401-7.
Demetriades, A., 2021. Geochemical Mapping. In: D. Alderton & S.A. Elias (Editors), Encyclopӕdia of Geology, 2nd edition. Academic Press, United Kingdom, 6, 267−280; https://doi.org/10.1016/B978-0-08-102908-4.00059-X.
Demetriades, A., Smith, D.B. & Wang, X., 2018. General concepts of geochemical mapping at global, regional, and local scales for mineral exploration and environmental purposes.  In: O.A.B. Licht (Guest Editor), Geochemical Mapping. Special Issue, Geochimica Brasiliensis, 32(2), 136−179; https://doi.org/10.21715/GB2358-2812.2018322136.
De Vos, W., Tarvainen, T., Salminen, R., Reeder, S., De Vivo, B., Demetriades, A., Pirc, S., Batista, M.J., Marsina, K., Ottesen, R.T., O’Connor, P.J., Bidovec, M., Lima, A., Siewers, U., Smith, B., Taylor, H., Shaw, R., Salpeteur, I., Gregorauskiene, V., Halamic, J., Slaninka, I., Lax, K., Gravesen, P., Birke, M., Breward, N., Ander, E.L., Jordan, G., Duris, M., Klein, P., Locutura, J., Bel-lan, A., Pasieczna, A., Lis, J., Mazreku, A., Gilucis, A., Heitzmann, P., Klaver, G. & Petersell, V., 2006. Geochemical Atlas of Europe. Part 2 – Interpretation of Geochemical Maps, Additional Tables, Figures, Maps, and Related Publications. Geological Survey of Finland, Espoo, 690 pp.; http://weppi.gtk.fi/publ/foregsatlas/.
EC (European Commission), 2020. Critical materials for strategic technologies and sectors in the EU - a foresight study. Publications Office of the European Union, Luxembourg, 98 pp.; https://doi.org/10.2873/58081.
FAO & ITPS, 2015. Status of the World’s Soil Resources (SWSR) – Main Report. Food and Agriculture Organization of the United Nations and Intergovernmental Technical Panel on Soils, Rome, Italy, 607 pp.; http://www.fao.org/3/i5199e/i5199e.pdf.
FAO & UNEP, 2021. Global Assessment of Soil Pollution: Report. Food and Agriculture Organization of the United Nations and United Nations Environment Program, Rome, 846 pp.; https://doi.org/10.4060/cb4894en.
Gaans, P.F.M. van, Spijker, J., Vriend, S.P. & Jong, J.N. de, 2007. Patterns in soil quality: Natural geochemical variability versus anthropogenic impact in soils of Zeeland, The Netherlands. International Journal of Geographical Information Science 21(5), 569−587; https://doi.org/10.1080/13658810601064900.
Garrett, R.G., Reimann, C., Smith, D.B. & Xie, X., 2008. From geochemical prospecting to international geochemical mapping: a historical overview. In: C. Reimann & D.B. Smith (Guest editors), Thematic set in honour of Arthur G. Darnley (1930-2006). Geochemistry: Exploration, Environment, Analysis, 8(3-4), 205−217; https://doi.org/10.1144/1467-7873/08-174.
Hester, R.E. & Harrison, R.M. (Editors), 2006. Chemicals in the Environment: Assessing and Managing Risk. Royal Society of Chemistry, London, 158 pp.; https://doi.org/10.1039/9781847552440.
Levitan, D.M., Zipper, C.E., Donovan, P., Schreiber, M.E., Seal, R.R., Engle, M.A., Chermak, J.A., Bodnar, R.J., Johnson, D.K., Aylor, J.G., 2018. Statistical analysis of soil geochemical data to identify pathfinders associated with mineral deposits: An example from the Coles Hill uranium deposit, Virginia, USA. In: A. Demetriades, M. Birke, S. Albanese, I. Schoeters & B. De Vivo (Guest Editors), Continental, Regional and Local scale Geochemical Mapping. Special Issue, Journal of Geochemical Exploration, 154, 238−251; https://doi.org/10.1016/j.gexplo.2014.12.012.
Licht, O.A.B., 2018. Multiscale, multimedia and multi-element geochemical mapping of the State of Paraná, Brazil.  In: Licht, O.A.B. (Guest Editor), Geochemical Mapping. Special Issue, Geochimica Brasiliensis, 32(2), 209−242; https://doi.org/10.21715/GB2358-2812.2018322209.
Nickless, E., Ali, S., Arndt, N., Brown, G., Demetriades, A., Durrheim, R., Enriquez M.A., Giurco, D., Kinnaird, J., Littleboy, A., Masotti, F., Meinert, L., Nyanganyura, D., Oberhänsli, R., Salem, J., Schneider, G. & Yakovleva., N., 2015. Resourcing Future Generations: A Global Effort to Meet The World’s Future Needs Head-on. International Union of Geological Sciences, 76 pp.; https://98ca4554-1361-4fb1-a4d8-a1bb16d032e6.filesusr.com/ugd/f1fc07_a9908b24e28646ceb86a3a631b9d9a2c.pdf.
Nriagu, J.O., 1979. Global inventory of natural and anthropogenic emissions of trace metals to the atmosphere. Nature, 279, 409−411; https://doi.org/10.1038/279409a0.
Nriagu, J.O. & Pacyna, J.M., 1988. Quantitative assessment of worldwide contamination of air, water and soils by trace metals. Nature, London, 333, 134−139; https://doi.org/10.1038/333134a0.
Plant, J.A. & Ridgeway, J., 1990.  Inventory of geochemical surveys of Western Europe.  In: A. Demetriades, R.T. Ottesen & J. Locutura (Editors), Geochemical Mapping of Western Europe towards the Year 2000. Pilot Project Report. Western European Geological Surveys, Geological Survey of Norway, NGU Report 90-105, Appendix Report 10, 20 pp.; https://www.ngu.no/upload/Publikasjoner/Rapporter/1990/90_105.pdf.
Plant, J. & Smith, B., 2003. Environmental geochemistry on a global scale. Chapter 20 In: Skinner, H.C.W. & Berger, A.R. (Editors), Geology and Health: Closing the Gap. Oxford University Press, New York, p. 129−134; https://doi.org/10.1093/oso/9780195162042.003.0028.
Plant, J.A., Klaver, G., Locutura, J., Salminen, R., Vrana, K. & Fordyce, F., 1996. Forum of European Geological Surveys (FOREGS), Geochemistry Task Group 1994-1996 Report.  A contribution to IUGS Continental Geochemical Baselines. British Geological Survey, Keyworth, Nottingham, U.K., BGS Technical Report WP/95/14, 52 pp.; http://nora.nerc.ac.uk/id/eprint/19012/1/WP95014.pdf.
Plant, J.A., Klaver, G., Locutura, J., Salminen, R., Vrana, K. & Fordyce, F., 1997. The Forum of European Geological Surveys Geochemistry Task Group inventory 1994-1996. Journal of Geochemical Exploration 59(2), 123−146; https://doi.org/10.1016/S0375-6742(97)00008-3.
Plant, J., Smith, D., Smith, B. & Williams, L., 2001. Environmental geochemistry. Applied Geochemistry, 16(11-12), 1291−1308; https://doi.org/10.1016/S0883-2927(01)00036-1.
Plant, J.A., Korre, A., Reeder, S., Smith, B. & Voulvoulis, N., 2005. Chemicals in the environment: implications for global sustainability. Transactions of the Institute of Mining and Metallurgy,  Applied Earth Science, Section B, 114(2), 65−97; https://doi.org/10.1179/037174505X62857.
Rapant, S., Salminen, R., Tarvainen, T., Krčmová, K. & Cvečková, V., 2008. Application of a risk assessment method to Europe-wide geochemical baseline data. Geochemistry: Exploration, Environment, Analysis, 8, 291−299; https://doi.org/10.1144/1467-7873/08-176.
Reimann, C. & Caritat, P. de, 2005. Distinguishing between natural and anthropogenic sources of element in the environment: regional geochemical surveys versus enrichment factors. Science of The Total Environment, 337(1-3), 91−107; https://doi.org/10.1016/j.scitotenv.2004.06.011.
[bookmark: _Hlk75611306]Reimann, C., Melezhik, V. & Niskavaara, H., 2007. Low-density regional geochemical mapping of gold and palladium highlighting the exploration potential of northernmost Europe. Economic Geology, 102(2), 327−334; https://doi.org/10.2113/gsecongeo.102.2.327.
Reimann, C., Demetriades, A., Birke, M., Filzmoser P., O’Connor, P., Halamić, J., Ladenberger, A. & the GEMAS Project Team, 2014. Distribution of Elements/Parameters in Agricultural and Grazing Land Soil of Europe.  Chapter 11 In:  C. Reimann, M. Birke, A. Demetriades, P. Filzmoser & P. O’Connor (Editors), Chemistry of Europe's Agricultural Soils – Part A: Methodology and Interpretation of the GEMAS Data Set. Geologisches Jahrbuch (Reihe B102), Schweizerbarth, Hannover, 103−474; https://www.schweizerbart.de/publications/detail/isbn/9783510968466.
Reimann, C., Ladenberger, A., Birke, M. & Caritat, P. de, 2016. Low density geochemical mapping and mineral exploration: application of the mineral system concept. Special Issue, Thematic set: Tribute to Eion M. Cameron. Geochemistry: Exploration, Environment, Analysis, 16, 48−61; https://doi.org/10.1144/geochem2014-327.
Reimann, C., Fabian, K., Birke, M., Filzmoser, P., Demetriades, A., Négrel, P., Oorts, K., Matschullat, J., Caritat, P. de & The GEMAS Project Team, 2018. GEMAS: Establishing geochemical background and threshold for 53 chemical elements in European agricultural soil. Applied Geochemistry, 88, 302−318; https://doi.org/10.1016/j.apgeochem.2017.01.021.
Salminen, R., Batista, M.J., Bidovec, M., Demetriades, A., De Vivo, B., De Vos, W., Duris, M., Gilucis, A., Gregorauskiene, V., Halamic, J., Heitzmann, P., Lima, A., Jordan, G., Klaver, G., Klein, P., Lis, J., Locutura, J., Marsina, K., Mazreku, A., O’Connor, P.J., Olsson, S.Å., Ottesen, R.T., Petersell, V., Plant, J.A., Reeder, S., Salpeteur, I., Sandström, H., Siewers, U., Steenfelt, A. & Tarvainen, T., 2005. FOREGS Geochemical Atlas of Europe, Part 1: Background Information, Methodology and Maps. Geological Survey of Finland, Espoo, 526 pp.; http://weppi.gtk.fi/publ/foregsatlas/.
Selinus, O., Alloway, B., Centeno, J.A., Finkelman, R.B., Fuge, R., Lindh, U. & Smedley, P. (Editors), 2005. Essentials of Medical Geology: Impacts of the Natural Environment on Public Health. Elsevier, 832 pp.
Selinus, O., Finkelman, R.B. & Centeno, J.A. (Editors), 2010. Medical Geology – A Regional Synthesis. Springer, 392 pp.
Selinus, O., Alloway, B., Centeno, J.A., Finkelman, R.B., Fuge, R., Lindh, U. & Smedley, P. (Editors), 2013. Essentials of Medical Geology - Revised Edition. Springer, 805 pp.
Skinner, C.W. & Berger, A.R. (Editors), 2003. Geology and Health: Closing the Gap. Oxford University Press, New York, 179 pp.; https://doi.org/10.1093/oso/9780195162042.001.0001.
Smith, D.B., Demetriades, A., Caritat, P. de & Wang, X., 2018. The history, progress, and future of global-scale geochemical mapping. In: O.B. Licht (Guest Editor), Geochemical Mapping. Special Issue, Geochimica Brasiliensis, 32(2), 115−135; http://doi.org/10.21715/GB2358-2812.2018322115.
Thornton, I., 1983. Applied Environmental Geochemistry. Academic Press, London, 501 pp.
Thornton, I., 1988. Geochemistry and Health. Science Reviews Ltd., Northwood, U.K., 272 pp.
Thornton, I. & Howarth, R.J., 1986. Applied Geochemistry in the 1980s. Graham & Trotman Ltd., London, 347 pp.
Zoback, M.L., 2001. 2000 Presidential address: Grand challenges in earth and environmental sciences - Science, stewardship, and service for the twenty-first century. GSA Today, 1(12), 41−47; https://www.geosociety.org/gsatoday/archive/11/12/pdf/i1052-5173-11-12-41.pdf.
2

2

image3.png
9" 786188 = 504912




image4.emf
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Atomic number, Z

1E-07

1E-06

1E-05

0.0001

0.001

0.01

0.1

1

10

100

1000

10000

100000 H

u

m

a

n

 

b

l

o

o

d

:

 

 

L

o

g

a

r

i

t

h

m

i

c

 

c

o

n

c

e

n

t

r

a

t

i

o

n

 

i

n

 

m

g

/

l

H

Li

Be

B

F

Na

Mg

Cl

K

Sc

Ti

V

Mn

Fe

Co

Ni

Cu

Zn

Ga

Ge

Y

Zr

Ru

Rh

Pd

Ag

Cd

Sn

Sb

Te

I

Sm

Eu

Gd

Dy

Ho

Er

Tm

Yb

Lu

Hf

Ta

W

Re

Ir

Au

Hg

Pb

Bi

Th

U

H

Li

Be

B

F

Na

Mg

Cl

K

Sc

Ti

V

Mn

Fe

Co

Ni

Cu

Zn

Ga

Ge

Y

Zr

Ru

Rh

Pd

Ag

Cd

Sn

Sb

Te

I

Sm

Eu

Gd

Dy

Ho

Er

Tm

Yb

Lu

Hf

Ta

W

Re

Ir

Au

Hg

Pb

Bi

Th

U

1E-07

1E-06

1E-05

0.0001

0.001

0.01

0.1

1

10

100

1000

10000

100000

1000000

U

p

p

e

r

 

C

o

n

t

i

n

e

n

t

a

l

 

C

r

u

s

t

:

 

 

L

o

g

a

r

i

t

h

m

i

c

 

c

o

n

c

e

n

t

r

a

t

i

o

n

 

i

n

 

m

g

/

k

g

Upper Continental Crust

Human blood


image1.png




image2.gif
IUGS Commission on
“Global Geochemical Baselines”

227 7 T3 | e\

Mappit‘w‘g the Ghemistry

of the Earth’s Land Surface





