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Chapter 2.2.1 - Example 1  

Weathering reactions 

Weathering of the primary silicate mineral olivine (forsterite): 

Mg2SiO4 + 4CO2 + 4H2O → 2Mg2+ + 4HCO3
- + H4SiO4 

The weathering of this mineral releases 2 moles of divalent magnesium cations and creates charge 

equivalent 4 moles of bicarbonate anions. 

Weathering of the primary silicate mineral albite 

2NaAlSi3O8 + 2CO2 + 11H2O → Al2Si2O5(OH)4 + 2Na+ + 2HCO3
- + 4H4SiO4 

The weathering of this mineral releases 2 moles of monovalent sodium cations and creates charge 

equivalent 2 moles of bicarbonate anions. 
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⁻

 𝐶𝐷𝑅𝑚𝑎𝑥 = 𝑀𝐶𝑂2100 ∗ (%𝐶𝑎𝑂𝑀𝐶𝑎𝑂 + %𝑀𝑔𝑂𝑀𝑀𝑔𝑂 + %𝐾2𝑂𝑀𝐾2𝑂 + %𝑁𝑎2𝑂𝑀𝑁𝑎2𝑂) ∗ 2 ∗ 0.9

Chapter 2.2.1 - Example 2 

Calculation of the CDRmax for a basalt rock  

 𝐶𝐷𝑅𝑚𝑎𝑥  = 𝑀𝐶𝑂2100 ∗ (%𝐶𝑎𝑂𝑀𝐶𝑎𝑂 + %𝑀𝑔𝑂𝑀𝑀𝑔𝑂 + %𝑀𝐾2𝑂𝑀𝐾2𝑂 + %𝑁𝑎2𝑂𝑀𝑁𝑎2𝑂) ∗ 2 ∗ 0.9  

 𝐶𝐷𝑅𝑚𝑎𝑥 = 44.01100 ∗ ( 11.856.08 + 9.9540.03 + 2.7594.2 + 2.4661.98) ∗ 2 ∗ 0.9 

 𝐶𝐷𝑅𝑚𝑎𝑥 = 0.418 𝑡 𝐶𝑂2 𝑡−1𝑟𝑜𝑐𝑘 
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⁻

Chapter 2.2.1 - Example 3 

Characterization of a basalt rock 

 

Calculations are based on the X-ray fluorescence analysis and pycnometer analysis. 

CDRmax 0.418 

Silicon normalized 

stoichiometric formular 

Si1 Al0.35 Fe0.19 Mn0.003 Mg0.34 Ca0.29 Na0.11 K0.08 Ti0.05 

P0.01 O3.67 

Molar weight 135.4113 g mol ⁻¹ 
Molar volume 44.54 x 10-6 m³ mol ⁻¹  
Density 3.04 g cm-³ 
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⁻

 
1 An optimized number of fractions to be characterized is subject to ongoing research. There are trade-offs 

between analytical costs and resolution of data - and thus model accuracy. Upon the next revision of this 

guidelines the number of required fractions will likely be corrected downwards. 
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𝐷𝑒𝑐𝑎𝑑𝑎𝑙 𝐴𝑟𝑖𝑑𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥 = 10𝑦𝑒𝑎𝑟 ∑ 𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 10𝑦𝑒𝑎𝑟∑𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐸𝑣𝑎𝑝𝑜𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛  

Chapter 3.1.1 - Example 4 

Calculating the decadal aridity index Aidec for a central European location 

 

For a reference location in Ohlsbach, in the Ortenau district in Germany, the sum of monthly 

precipitation from January 2012 to December 2021 is 9660.4 mm and the sum of 

evapotranspiration (modelled for grassland) from January 2012 to December 2021 is 7508.6 mm. 

All data was sourced from the German meteorological service database (DWD, 2022) 𝐴𝑖𝑑𝑒𝑐 =  9660,47508,6 = 1.29 

 

The region has a decadal aridity index > 0.75 and qualifies for ERW in cropland applications 

according to the present standard. 
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2 Refers to the soil pH value measured before rock powder application. 
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⁻

 
3 For soils of the soil type clay with a pH value of < 6.0, the precautionary values of the soil type loam/silt apply 

for cadmium, nickel, and zinc. For soils of the loam/silt soil type with a pH value of < 6.0, the precautionary values 

of the sand soil type apply for cadmium, nickel and zinc. The same corrections apply for lead thresholds in soils 

with pH < 5.0. 
4 This equals the “Zulässige zusätzliche jährliche Frachten an Schadstoffen” in the German soil proctection 
ordonance (BBodSchV, 1998, Annex 2.5) 
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⁻ ⁻
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Chapter 3.3 - Example 5 

Rock powder application limits and recommendations 

In Germany, application limits to N and P2O5 apply (DüV,2017). 

P2O5 applications shall not exceed a fields P2O5 requirement for the next 3 years. 

A farmer planning to grow clover grass, oats, and grain maize in the next 3 years, calculated her 

field specific requirement to be 184 kg P2O5 ha⁻¹ for the next 3 years. Her liming requirements for 

the next 3 years are 2000 kg CaO ha⁻¹. 

A rock powder was analysed according to accredited methods indicating a N content of 0%, a P2O5 

content of 0.44%, and alkaline compounds equal to 3% CaO. 

The recommended rock powder application is 6.81 t ha⁻¹ year⁻¹  
(equivalent to 6810 kg rock ha-1 year-1 * 0.44% P2O5 = 30 kg P2O5 ha⁻¹ year⁻¹) 

The maximum allowable rock powder application is 20.90 t ha⁻¹  
(equivalent to 20900 kg rock * 0.44% = 92 kg P2O5 ha⁻¹ = 0.5 * 184 kg P2O5 ha-1)  

The exceeding the liming requirement is of no concern.  

(2 t CaO ha⁻¹ / 0.03 t CaO t-1 = 66.66 t rock powder). 

The farmer decides to apply 20.90 t rock powder ha⁻¹ this year, covering 50% of her P2O5 

requirements for the upcoming seasons. She records the application in the documentation of the 

farm nutrient budget.  

The next certifiable application of rock powder can only be executed in the third year after 

applying these 20.90 t ha-1, no rock powder application can be certified in first and second year 

after the present application. 
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Chapter 4.3 - Example 6 

Required location-specific agroclimatic data 

For a rock powder application carried out in 2022 in Germany, the year 2018 being the dryest of 

the last decade, is selected as the reference year 

For a reference location in Ohlsbach, in the Ortenau district in Germany, the following data can 

be sourced from reference location 1602 of the database of 

: 

Mean annual soil temperature at 20 cm depth = 14.1 °C 

Valid month nominator based on % AFC at 20 cm depth = 7 

Months with mean annual soil temperature ≤ 0°C = 0 
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5 Basalt is an igneous rock from volcanic origin. Whether basalt is referred to as crystalline- basalt or basalt glass 

depends on the arrangement of minerals (rather crystalline structure or amorphous structure, respectively). The 

latter is determined by the speed of solidification / cooldown of magma. Data from Gudbransson et al (2011) 

was compared to data from Gislason and Oelkers (2003) who investigated basaltic-glass dissolution. The 

elemental composition and silicon normalized dissolution rate are comparable. 
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⁻

log(𝑟𝑆𝐼) = 0.1106𝑥2 − 1.5573𝑥 + 0.0234𝑧 − 10.6245

Chapter 5.1 - Example 7 

Calculation of the silicon release rate from multi-mineral silicate rocks 

A farm in the Ortenau region has a soil pH of 6.6 and a mean annual soil temperature of 14.1 °C  log(𝑟𝑆𝑖) = 0.1106 ∗ 6.62 − 1.5573 ∗ 6.6 + 0.0234 ∗ 14.1 − 10.6245 log(𝑟𝑆𝑖) =  −15.7559  𝑟𝑆𝑖 =   10−15.7559 𝑚𝑜𝑙 𝑆𝑖 𝑐𝑚² 𝑠⁻¹ 
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Model Assumptions 

The model employs primary data from a laboratory experiment investigating the dissolution behaviour 

of an Icelandic basalt rock. This silicate rock presenting a mineral composition of ∑ (olivine, plagioclase, 

pyroxene, K-feldspar) ≥ 50wt% serves as a model rock exposed to varying environmental conditions. The 

present modelling approach employs assumptions only valid for long time horizons, as e.g., the 100-year 

time horizon of the C-sink portfolio approach (see Chapter 7.2). Over long time periods (several decades) 

a mean congruent element loss from the primary particles is assumed. It is further assumed that the pH 

at particle surface can be approximated through the initial soil bulk pH when a time horizon of several 

seasons is considered 

Long term congruent element loss from the primary silicate 

Although the aqueous weathering products of a reaction may not express the composition of a congruent 

dissolution, since, e.g., aluminium may be preserved in solid secondary products, the element loss – and 

thus mass loss - from the primary silicate rock particle occurs congruently to the long-term mean. 

(Si/element)primary-solid / (Si/element)secondary-solid + aqueous-solution = 1 

When observing particle dissolutions over short periods (e.g., in laboratory experiments) an incongruent 

dissolution determined by different solubilities of different minerals can be observed. Also, if only 

comparisons between (Si/element)primary-solid / (Si/element)aqueous-solution are conducted, the identified ratio 

may point towards incongruent dissolution, as some elements may be preserved in a solid phase of 

secondary minerals as, e.g., in kaolinite. 

When the rock particles are almost completely dissolved, the ratio of metal ions released to silicon 

released approaches the ratio in the original solid in the long term, but there can and will be considerable 

deviations, especially in the first few years, which lead to uncertainty in the results of the modeling. 

Ambient pH at particle surface 

The model assumes, that on average the primary silicate rock particle is experiencing an ambient pH, that 

is equivalent to the ambient bulk soil pH (0-30cm, standard plough-pan depth). It is evident, that as a 

direct result of rock weathering, the ambient pH at the particle surface increases. This is determined by 

the released alkaline weathering products. Yet, it is also given, that this modification of the ambient pH 

is only occurring in a discrete soil volume, which is in constant or intermittent exchange with the 

remaining bulk soil solution. 

Example: A standard loam soil has a bulk density of 1.30 g cm³ (3900 t, or 3000 m³ soil ha-1 at 0-30cm 

depth). The field will be amended with 20 t rock powder ha-1, having a bulk density of 1.45 g cm³ (13.33 

m³ ha-1). The introduced rock powder will only contribute and directly affect ~0.4% of the soil volume, 

which remains in constant exchange with the remaining ~99.6% soil volume and respective soil solution, 

that is exhibiting the chemical baseline conditions. It is further evident, that weathering products, as 

alkalinity, are subject to removal by percolating water (rainwater infiltration).  

For simplicity, the present model regards pH modifications at particle surface as spatially and temporally 

discrete. Long-term mean conditions can be approximated through the bulk soil pH. 
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𝑟𝑆𝑖_𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 = 𝑟𝑆𝑖 ∗ 𝑟(𝐶𝑂2) ∗ 𝑟(𝑁𝑃𝑃𝑛𝑜𝑟𝑚) ∗  𝑉𝑎𝑙𝑖𝑑 𝑀𝑜𝑛𝑡ℎ𝑠12

⁻ ⁻
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5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

7.3 -15.9877 -15.9643 -15.9409 -15.9175 -15.8940 -15.8706 -15.8472 -15.8238 -15.8004 -15.7770 -15.7536 -15.7302 -15.7068 -15.6834 -15.6599 -15.6365 -15.6131 -15.5897 -15.5663 -15.5429 -15.5195

7.2 -15.9877 -15.9643 -15.9409 -15.9175 -15.8940 -15.8706 -15.8472 -15.8238 -15.8004 -15.7770 -15.7536 -15.7302 -15.7068 -15.6834 -15.6599 -15.6365 -15.6131 -15.5897 -15.5663 -15.5429 -15.5195

7.1 -15.9877 -15.9643 -15.9409 -15.9175 -15.8940 -15.8706 -15.8472 -15.8238 -15.8004 -15.7770 -15.7536 -15.7302 -15.7068 -15.6834 -15.6599 -15.6365 -15.6131 -15.5897 -15.5663 -15.5429 -15.5195

7 -15.9877 -15.9643 -15.9409 -15.9175 -15.8940 -15.8706 -15.8472 -15.8238 -15.8004 -15.7770 -15.7536 -15.7302 -15.7068 -15.6834 -15.6599 -15.6365 -15.6131 -15.5897 -15.5663 -15.5429 -15.5195

6.9 -15.9857 -15.9623 -15.9389 -15.9155 -15.8921 -15.8687 -15.8453 -15.8219 -15.7985 -15.7750 -15.7516 -15.7282 -15.7048 -15.6814 -15.6580 -15.6346 -15.6112 -15.5878 -15.5644 -15.5409 -15.5175

6.8 -15.9816 -15.9582 -15.9347 -15.9113 -15.8879 -15.8645 -15.8411 -15.8177 -15.7943 -15.7709 -15.7475 -15.7241 -15.7006 -15.6772 -15.6538 -15.6304 -15.6070 -15.5836 -15.5602 -15.5368 -15.5134

6.7 -15.9752 -15.9518 -15.9284 -15.9050 -15.8816 -15.8581 -15.8347 -15.8113 -15.7879 -15.7645 -15.7411 -15.7177 -15.6943 -15.6709 -15.6475 -15.6240 -15.6006 -15.5772 -15.5538 -15.5304 -15.5070

6.6 -15.9666 -15.9432 -15.9198 -15.8964 -15.8730 -15.8496 -15.8261 -15.8027 -15.7793 -15.7559 -15.7325 -15.7091 -15.6857 -15.6623 -15.6389 -15.6155 -15.5920 -15.5686 -15.5452 -15.5218 -15.4984

6.5 -15.9558 -15.9324 -15.9090 -15.8856 -15.8622 -15.8387 -15.8153 -15.7919 -15.7685 -15.7451 -15.7217 -15.6983 -15.6749 -15.6515 -15.6281 -15.6046 -15.5812 -15.5578 -15.5344 -15.5110 -15.4876

6.4 -15.9428 -15.9194 -15.8960 -15.8726 -15.8491 -15.8257 -15.8023 -15.7789 -15.7555 -15.7321 -15.7087 -15.6853 -15.6619 -15.6385 -15.6150 -15.5916 -15.5682 -15.5448 -15.5214 -15.4980 -15.4746

6.3 -15.9276 -15.9041 -15.8807 -15.8573 -15.8339 -15.8105 -15.7871 -15.7637 -15.7403 -15.7169 -15.6935 -15.6700 -15.6466 -15.6232 -15.5998 -15.5764 -15.5530 -15.5296 -15.5062 -15.4828 -15.4594

6.2 -15.9101 -15.8867 -15.8633 -15.8399 -15.8165 -15.7931 -15.7697 -15.7462 -15.7228 -15.6994 -15.6760 -15.6526 -15.6292 -15.6058 -15.5824 -15.5590 -15.5356 -15.5121 -15.4887 -15.4653 -15.4419

6.1 -15.8905 -15.8671 -15.8436 -15.8202 -15.7968 -15.7734 -15.7500 -15.7266 -15.7032 -15.6798 -15.6564 -15.6330 -15.6095 -15.5861 -15.5627 -15.5393 -15.5159 -15.4925 -15.4691 -15.4457 -15.4223

6 -15.8686 -15.8452 -15.8218 -15.7984 -15.7750 -15.7515 -15.7281 -15.7047 -15.6813 -15.6579 -15.6345 -15.6111 -15.5877 -15.5643 -15.5409 -15.5174 -15.4940 -15.4706 -15.4472 -15.4238 -15.4004

5.9 -15.8445 -15.8211 -15.7977 -15.7743 -15.7509 -15.7275 -15.7041 -15.6806 -15.6572 -15.6338 -15.6104 -15.5870 -15.5636 -15.5402 -15.5168 -15.4934 -15.4700 -15.4465 -15.4231 -15.3997 -15.3763

5.8 -15.8182 -15.7948 -15.7714 -15.7480 -15.7246 -15.7012 -15.6778 -15.6544 -15.6309 -15.6075 -15.5841 -15.5607 -15.5373 -15.5139 -15.4905 -15.4671 -15.4437 -15.4203 -15.3968 -15.3734 -15.3500

5.7 -15.7897 -15.7663 -15.7429 -15.7195 -15.6961 -15.6727 -15.6493 -15.6259 -15.6024 -15.5790 -15.5556 -15.5322 -15.5088 -15.4854 -15.4620 -15.4386 -15.4152 -15.3918 -15.3683 -15.3449 -15.3215

5.6 -15.7590 -15.7356 -15.7122 -15.6888 -15.6654 -15.6420 -15.6185 -15.5951 -15.5717 -15.5483 -15.5249 -15.5015 -15.4781 -15.4547 -15.4313 -15.4079 -15.3844 -15.3610 -15.3376 -15.3142 -15.2908

5.5 -15.7261 -15.7027 -15.6793 -15.6558 -15.6324 -15.6090 -15.5856 -15.5622 -15.5388 -15.5154 -15.4920 -15.4686 -15.4452 -15.4217 -15.3983 -15.3749 -15.3515 -15.3281 -15.3047 -15.2813 -15.2579

5.4 -15.6909 -15.6675 -15.6441 -15.6207 -15.5973 -15.5739 -15.5505 -15.5271 -15.5037 -15.4802 -15.4568 -15.4334 -15.4100 -15.3866 -15.3632 -15.3398 -15.3164 -15.2930 -15.2696 -15.2461 -15.2227

5.3 -15.6536 -15.6302 -15.6068 -15.5834 -15.5599 -15.5365 -15.5131 -15.4897 -15.4663 -15.4429 -15.4195 -15.3961 -15.3727 -15.3493 -15.3258 -15.3024 -15.2790 -15.2556 -15.2322 -15.2088 -15.1854

5.2 -15.6140 -15.5906 -15.5672 -15.5438 -15.5204 -15.4970 -15.4736 -15.4501 -15.4267 -15.4033 -15.3799 -15.3565 -15.3331 -15.3097 -15.2863 -15.2629 -15.2395 -15.2160 -15.1926 -15.1692 -15.1458

5.1 -15.5722 -15.5488 -15.5254 -15.5020 -15.4786 -15.4552 -15.4318 -15.4084 -15.3850 -15.3615 -15.3381 -15.3147 -15.2913 -15.2679 -15.2445 -15.2211 -15.1977 -15.1743 -15.1509 -15.1274 -15.1040

5 -15.5282 -15.5048 -15.4814 -15.4580 -15.4346 -15.4112 -15.3878 -15.3644 -15.3410 -15.3176 -15.2941 -15.2707 -15.2473 -15.2239 -15.2005 -15.1771 -15.1537 -15.1303 -15.1069 -15.0835 -15.0600

4.9 -15.4820 -15.4586 -15.4352 -15.4118 -15.3884 -15.3650 -15.3416 -15.3182 -15.2948 -15.2713 -15.2479 -15.2245 -15.2011 -15.1777 -15.1543 -15.1309 -15.1075 -15.0841 -15.0607 -15.0372 -15.0138

4.8 -15.4336 -15.4102 -15.3868 -15.3634 -15.3400 -15.3166 -15.2932 -15.2697 -15.2463 -15.2229 -15.1995 -15.1761 -15.1527 -15.1293 -15.1059 -15.0825 -15.0591 -15.0356 -15.0122 -14.9888 -14.9654

4.7 -15.3830 -15.3596 -15.3362 -15.3128 -15.2893 -15.2659 -15.2425 -15.2191 -15.1957 -15.1723 -15.1489 -15.1255 -15.1021 -15.0787 -15.0552 -15.0318 -15.0084 -14.9850 -14.9616 -14.9382 -14.9148

4.6 -15.3301 -15.3067 -15.2833 -15.2599 -15.2365 -15.2131 -15.1897 -15.1663 -15.1429 -15.1195 -15.0960 -15.0726 -15.0492 -15.0258 -15.0024 -14.9790 -14.9556 -14.9322 -14.9088 -14.8854 -14.8619

4.5 -15.2751 -15.2517 -15.2283 -15.2049 -15.1815 -15.1580 -15.1346 -15.1112 -15.0878 -15.0644 -15.0410 -15.0176 -14.9942 -14.9708 -14.9474 -14.9239 -14.9005 -14.8771 -14.8537 -14.8303 -14.8069

4.4 -15.2178 -15.1944 -15.1710 -15.1476 -15.1242 -15.1008 -15.0774 -15.0540 -15.0305 -15.0071 -14.9837 -14.9603 -14.9369 -14.9135 -14.8901 -14.8667 -14.8433 -14.8199 -14.7964 -14.7730 -14.7496

4.3 -15.1583 -15.1349 -15.1115 -15.0881 -15.0647 -15.0413 -15.0179 -14.9945 -14.9711 -14.9477 -14.9242 -14.9008 -14.8774 -14.8540 -14.8306 -14.8072 -14.7838 -14.7604 -14.7370 -14.7136 -14.6901

4.2 -15.0966 -15.0732 -15.0498 -15.0264 -15.0030 -14.9796 -14.9562 -14.9328 -14.9094 -14.8860 -14.8625 -14.8391 -14.8157 -14.7923 -14.7689 -14.7455 -14.7221 -14.6987 -14.6753 -14.6519 -14.6284

4.1 -15.0327 -15.0093 -14.9859 -14.9625 -14.9391 -14.9157 -14.8923 -14.8689 -14.8455 -14.8221 -14.7986 -14.7752 -14.7518 -14.7284 -14.7050 -14.6816 -14.6582 -14.6348 -14.6114 -14.5880 -14.5645

4 -14.9666 -14.9432 -14.9198 -14.8964 -14.8730 -14.8496 -14.8262 -14.8028 -14.7793 -14.7559 -14.7325 -14.7091 -14.6857 -14.6623 -14.6389 -14.6155 -14.5921 -14.5687 -14.5452 -14.5218 -14.4984
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𝑆𝑆𝐴𝐺𝐸𝑂 = 6𝑑𝜌 ⁻

𝑅𝑓 = 𝑆𝑆𝐴𝐵𝐸𝑇𝑆𝑆𝐴𝐺𝐸𝑂
⁻

𝑟𝑆𝑖_𝐺𝐸𝑂 = 𝑟𝑆𝑖 ∗ 𝑅𝑓
⁻

⁻ ⁻
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𝑋𝑅𝑜𝑐𝑘(𝑡) =  𝑑03 − (𝑑0 − 2𝑟𝑆𝑖𝑔𝑒𝑜Ω𝑡)3𝑑03 ∗ 100

⁻ ⁻

𝑅𝑜𝑐𝑘 𝑝𝑜𝑤𝑑𝑒𝑟 𝑚𝑎𝑠𝑠 𝑤𝑒𝑎𝑡ℎ𝑒𝑟𝑒𝑑 (𝑡) = ∑ 𝑚𝑖 ∗ 𝑑0𝑖3 − (𝑑0𝑖 − 2𝑟𝑆𝑖𝑔𝑒𝑜Ω𝑡)3𝑑0𝑖3𝑛
𝑖=1 

⁻⁻
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Gross Rock C Sink (t) =  𝐶𝐷𝑅𝑚𝑎𝑥 ∗ 𝑅𝑜𝑐𝑘 𝑝𝑜𝑤𝑑𝑒𝑟 𝑚𝑎𝑠𝑠 𝑤𝑒𝑎𝑡ℎ𝑒𝑟𝑒𝑑 (𝑡)𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑟𝑜𝑐𝑘 𝑚𝑎𝑠𝑠
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6 The reactor liquid used in the study by Gudbrandsson et al. (2011), (see Chapter 5.1), was purged 

with N2 prior to application, thus reducing dissolved CO2 below the atmospheric equilibrium. 

Weathering reaction taking place herein are largely based on reactions with protons derived from 

water autoproteolysis, thus with reduced impact of additional carbonic acid. Calculated rates are 

lower than those expected under ambient CO2 concentrations. 
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Rock C Sink Potential =  CDRmax ∗ mrock  ∗  sfsoil ∗  sfaquatic ∗ sfmarine  

 

 

 

 
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⁻
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7 According to established greenhouse gas protocol (GHG Protocol, 2022), a company’s emissions are classified 

in three different categories, i.e., scopes (scope 1-3). Scope 1 covers direct emissions by the company (e.g., fuel 

use), scope 2 covers indirect emissions from production of procured energy (electricity, steam, heat, cooling). 

Scope 3 covers further indirect and often diffuse emissions, as, e.g., upstream emissions (emissions from 

suppliers/ premanufacturing) or commuting employees. The reporting of scope 1 and 2 emissions is mandatory 

for many companies, while scope 3 emissions are voluntary, because they are difficult to monitor. 
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𝐸𝑥𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = ((𝐸𝑚𝑖𝑛𝑖𝑛𝑔+ 𝐸𝑚𝑖𝑙𝑙𝑖𝑛𝑔) ∗ 𝐸𝐹 + (𝐹𝑚𝑖𝑛𝑖𝑛𝑔 + 𝐹𝑚𝑖𝑙𝑙𝑖𝑛𝑔) ∗ 0.0032 𝑡 𝐶𝑂2𝑒 ) ∗ 1.11

𝐸𝑥𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡   = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 0.000113 𝑡 𝐶𝑂2𝑒 𝑘𝑚−1 
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⁻

𝐶𝑎𝑟𝑏𝑜𝑛 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒𝑠 =  𝐸𝑥𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 + 𝐸𝑥𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 + 𝐸𝑥𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 

 𝑪𝑬 = 
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• 

• 

• 

• 

• ⁻
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⩽ ⩽

https://www.dwd.de/EN/ourservices/cdc/cdc_ueberblick-klimadaten_en.html
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‐

http://www.umweltbundesamt.de/themen/verkehr-laerm/emissionsdaten
http://www.umweltbundesamt.de/themen/verkehr-laerm/emissionsdaten
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⁻ ⁻⁻ ⁻⁻ ⁻⁻⁻ ⁻⁻ ⁻⁻ ⁻⁻ ⁻
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