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ABSTRACT 
This case study is specifically aimed at testing the applicability limits in the near-shore areas of the open ocean equations 

upon which the OF-Mod 3D used in this study is based. The study was carried out using surface sediments from the 

Benguela upwelling system. Rock-Eval data used in this study was obtained from unpublished studies on surface sediments 

and suspended particulate matter carried out in the area along multiple transects (University of Berlin, DSDP Project). 

Marine primary productivity values ranging 70 – 370 (gC/m2yr) were used in three different productivity scenarios to 

simulate organic carbon (OC) deposition in the Benguela upwelling area. Two sets of equations (Mann, 2008)and(Müller 

and Suess, 1979) were used separately to generate results which were then compared with the measured results. The results 

show under the high productivity scenario that the two equations have different OC distribution on the shelf is generally < 

2% for both equations except around the Walvis cell. OC distribution on the upper and lower slope for (Mann, 2008) 

averages around 3.5% (wt) and < 2% (wt) respectively, whereas OC distribution for (Müller and Suess, 1979) equations on 

the upper and lower slope averages 6 and 4% (wt) respectively. This indicates a general underestimation of OC. The 

software performance at water depths <100m was not so good. At water >100m, there were many intervals where the 

software works very well (difference of ≤ 20% between measured and modelled values) and at some intervals not so well 

(>20%). 

INTRODUCTION

Background 

The study of source rock distribution and its spatial 

variability in the sedimentary basin is very important 

aspect of hydrocarbon prospecting. The use of computer 

programming or basin modelling in the exploration of 

hydrocarbons prior to drilling prospective has become a 

vital source rock evaluation tool. Basin modelling 

involves the use of one-dimension (1-D), two dimension 

(2-D) and/or three dimension (3-D) computer 

programmes to predict the presence of hydrocarbons or 

to calculate the volume of hydrocarbons that could be 

produced from a basin. Predicting the occurrence of 

potential source rock is very important, as source rocks 

lead to the formation and subsequent accumulation of 

hydrocarbons, hence the need for source rock modelling 

is paramount. 

Additionally, Sequence stratigraphy, a concept that 

explains how basins fill-up was later brought into the 

concept of basin modelling(e.g., Pasley, et al  1993). 

Sequence stratigraphy is interpreted as forming as a 

result of the interplay between eustasy, subsidence and 

sediments supply (Posamentier, 1998). This tries to 

explain the relationship between both the quality and 

quantity of source rock systems and the relative sea level. 

This relationship, called the Organic Facies describes the 

deposition of organic carbon with respect to the shoreline 

position. A proper understanding of the organic facies 

concept could help in predicting the spatial distribution 

and variability of organic carbon deposition (Mann, 

2008). Two methods used in order to obtain a reliable 

distribution of organic matter in terms of sequence 

stratigraphy anre: The carbolog method and The Stacking 

Pattern Method:  

 

 

Organic Facies Modelling (OF-Mod) 

The development of the Organic Facies Modelling (OF-

Mod) 3D programme was necessitated by the need in the 

petroleum industry to understand the quality and the 

spatial distribution of organic carbon in the Kitchen area 

(Mann, 2008). OF-Mod is based primarily on three 

features (Figure1): Organic matter source, Preservation 

state of the organic matter  and Basin fill/basin 

stratigraphic aspects. These are the most important 

factors affecting spatial distribution of organic matter in 

the marine environments (Mann, 2008).There are two 

sources of organic matter; Marine and Terrestrial organic 

matter. OF-Mod was designed to generate results based 

the initial input of organic matter source proportions, i.e. 

marine/terrestrial organic matter proportions although 

these data are not so easy to provide.The following 

equations were used in OF-Mod to estimate marine 

organic carbon (MOC). 

Equation (1) was derived by (Mann, 2008) and 

henceforth referred to as the Mann and Zweigel (2008). 

Equation (2) was derived by (Müller and Suess, 1979) 

and henceforth referred to as the Mueller and Suess 

(1979) in this study 

Benguela upwelling system 

Upwelling areas are very important in terms of marine 

primary productivity and the dispersion of organic 

carbon towards deeper ocean(Summerhayes et al., 1995). 

Figure 1 shows the Benguela upwelling system (BUS), 

offshore Namibia. This is one of the most productive 

upwelling areas in the world, being one of the four 

eastern boundary currents in the world. It has an 

estimated marine primary productivity in the region of 

0.4 GtC/a and a corresponding high TOC. The Benguela 

upwelling area is also believed have an extensive oxygen 

minimum zone, reaching down to the upper continental 

margin(Inthorn et al., 2006). 

http://www.sjbas.com.ng/
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TOC= 

 

Where: PP: Primary productivity (gC/m2a), Z: Water depth (m), DBD: dry bulk density (g/cm3), LSR: linear sedimentation 

rate (cm/ka), PF: preservation factor (%), Por: Porosity (fraction), TOC: Total organic carbon (%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Rock-eval pyrolysis data for the wells used in this study 

WELL Lat Lon No water 

depth 

(m) 

Group TOC wt% 

(Measured) 

HI mg/g 

(Measured)  
Sample 

depth 

(cm) 

 Age 

(kyrs) 

GeoB8404-2(G6) -23 14.365 1 44 upper 

Shelf 

(US) 

4.4 335.56 0 0 

WW265430(W5) -24.03 14.39 2 65 upper 

Shelf 

6.6 321 0 0 

WW265770(W6) -22.64 14.3 3 72 upper 

Shelf 

7.9 290.73 0 0 

WW24005(W3) -24 14.35 4 85 upper 

Shelf 

5.16 330 0 0 

Figure 1: Location of the Benguela Upwelling System 

showing Organic carbon (OC) distribution in surface 

sediments on continental margin offshore southwestern 

Africa. (Proceedings of the National Academy Science, 

USA. 2005) 

 

Figure 2: Locations of all the twenty-six (26) stations used 

in this study with their water depths between the two 

upwelling cells (Walvis Bay and Luderitz). 
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WW265970(W7) -25.16 14.34 5 153 lower 

Shelf 

9.8 284.27 0 0 

WW266040 -24.92 14.2 6 163 lower 

Shelf 

3.26 332.36 0 0 

GeoB8402-1 (G14) -23.47 13.8 7 164 lower 

Shelf 

4.46 303.15 0 0 

WW265960(W8) -25.71 14.48 8 165 lower 

Shelf 

5.26 256.36 0 0 

WW24040(W1) -24 13.72 9 256 upper 

Slope 

4.3 382 0 0 

WW24060(W4) -24 13.343 10 309 upper 

Slope 

2.72 296 0 0 

GeoB8403-1(G10) -24.25 13.61 11 320 upper 

Slope 

2.7 357 0 0 

GeoB8493-1(G9) -25.43 13.69 12 387 upper 

Slope 

4.5 321 0 0 

GeoB8464-2(G11) -26.34 13.7 13 430 upper 

Slope 

2.6 276.06 0 0 

GeoB8481-2(G1) -23 12.95 14 590 upper 

Slope 

3.6 350.32 0 0 

GeoB8483-1(G5) -23 12.843 15 805 upper 

Slope 

4.25 60 15 10.2 

GeoB8466-2 (G13) -26.73 13.57 16 940 upper 

Slope 

2.87 335.75 1 6.4 

GeoB8484-3(G4) -23 12.782 17 953 upper 

Slope 

3.55 311.02 0 0 

MD962087 -25.6 13.38 18 1000 lower 

Slope 

5.1 339 0 0 

RCOM2403(R1) -24.36 13.134 19 1003 lower 

Slope 

5.3 311.72 0 0 

WW24080(W2) -24 12.999 20 1040 lower 

Slope 

4.27 339.02 0 0 

GeoB8469-3(G12) -26.76 13.38 21 1480 lower 

Slope 

4.2 323.41 0 0 

GeoB8422-1(G8) -24.46 12.717 22 1997 lower 

Slope 

2.11 360 0 0 

GeoB8499-1(G2) -23 12.33 23 2080 lower 

Slope 

1.68 316 0 0 

GeoB8470-1(G7) -25.55 12.9 24 2470 lower 

Slope 

3.19 354 0 0 

GeoB84100-2(G3) -23 12 25 2718 lower 

Slope 

0.82 422.9 0 0 

MD962086 -25.8 12.13 26 3600 lower 

Slope 

0.35 356.8 0 0 
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METHODS 

2.1 Stratigraphic model 

The stratigraphic model was developed using the OF-

Mod stratigraphic builder. The following parameters 

were considered. 

Age 

In this study, mostly top-core samples were used, with an 

age range between 0 – 0.001Ma (Table 1). Exact 

sampling depths and corresponding ages are provided in 

table 1. 

 

Sand fraction 

Sand fraction is used in OF-Mod to estimate 

particulate/residual organic matter ratio in shallow 

waters. It is also used to calculate preservation 

conditions. There was no direct data on sand fraction 

available for samples used in this study. (Tyrrell and 

Lucas, 2002)however, argued that the proportion of sand 

is quite low in the Benguela System as there is very little 

contribution from the continent. The little silts there are 

were brought there by wind.  

 

Sedimentation rate 

Based on AMS 14C and oxygen isotopes (δ18O) data 

obtained by(Summerhayes et al., 1995), the organic 

sedimentation rates in recent sediments of the Benguela 

area are estimated to have an of average 14cm/k.y 

 

Water depths 

Water depth at the time of deposition is an important 

parameter in OF-Mod as it describes the geometry of the 

basin during depositional sequences. It is also important 

in the carbon flux calculations in the (Mann, 

2008)method (equation 2). It also provides information 

on the existence of sub-basins, carbon fluxes and 

distances to shore. Data entry points used in this study 

were sampled at various water depths, ranging 40 – 

3600m along different transects (Table 1). 

 

3.2.1. Well import 

Station IDs, TOC and HI were the three parameters 

imported along with their corresponding depths in the 

sedimentary column. UTM coordinates of the stations 

were also imported along with the parameters above. 

Table 1 shows a list of all stations imported into OF-Mod 

3-D with their names, coordinates and corresponding 

TOC, HI, water depths and sampling depths. Station IDs 

were assigned numbers 1 – 26, according to water depths 

from shallowest to deepest (Table 1) and stations were 

grouped into four water depth corridors as follows: 

 

 

 

 

 

Primary productivity 

Primary productivity values used in this study were 

selected based on calculations made by (Fischer, 

Ratmeyer, and Wefer, 2000) where modern PP values for 

coastal and upwelling areas around the Benguela 

upwelling system were estimated at 203 and 323gCm-2y-1 

respectively between the months of April – November 

and quite low between the months December – March.  

 

Modelling strategy 

Two sets of equations were adopted in this model. These 

are the default “definition” equation (Mann, 2008)and 

the(Müller and Suess, 1979) equations. Modelling was 

carried out using both sets of equations. The different 

parameters (PP and particulate organic carbon) were 

adjusted to see how the modelled results match/mismatch 

with measured results, starting from the default equations 

and then followed by (Müller and Suess, 1979)equations. 

This is to allow for comparison between the two 

equations and see which one does better at what 

depth/distance to shore and vice versa against the 

acquired data.  

Graphical methods of comparison were adopted where 

absolute and relative differences (%) between the 

measured and the modelled OC and HI values for all the 

26 stations were summed up and compared between the 

three scenarios for the two equations. 

Preservation – oxic shallow water/anoxic 

The oxic shallow water in OF-Mod was left at 75m of 

water depths and 0.15 fraction of carbon flux in shallow 

water was also not changed as there was no available 

literature to suggest otherwise. Oxygen minimum zone 

(OMZ) were defined as oxic-dysoxic boundaries at 80m 

of depth; dysoxic – anoxic boundary at 200m of depth; 

anoxic – dysoxic boundary at 1500m and dysoxic – oxic 

boundary 1800m. Minimum PP values for dysoxia and 

anoxia were 350gCm-2yr-1 respectively. 

Terrestrial organic carbon 

Terrigenous organic matter input to the Benguela system 

under modern climate is minimal. (Pichevin, Bertrand,  

Boussafir, and Disnar, 2004), based on δ13Corg records 

ranging from -19.5 to -21.40/00 and palynofacies analysis 

on selected samples from stations 18 and 26 concluded 

that there are hardly any recognizable palynomorphs 

present and in general, terrigenous detritus only 

contribute about 1 – 4% of the palynofacies. 

RESULTS 

The results are presented based on the scenarios 

described above. The stations were grouped into those on 

the upper shelf (US); those on lower shelf (LS) and those 

on the slope (SL) for each of the three scenarios. One 

figure is used to demonstrate OC distribution for each of 

the equations.  
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Figures 3 a and b: OC distribution for Mann and Zweigel(a) (2008) and Mueller and Suess (b) (1979) for the high PP 

scenario. 

Scenario 1 (High productivity) 

Figures3a shows the total organic carbon OC 

distribution, generated using the (Mann, 2008) equations. 

OC distribution everywhere in the modelled area is 

mostly >1% (wt) with a maximum value of ~22.5% (wt) 

around the Walvis cell. Figure 3balso show OC 

distribution generated using the(Müller and Suess, 1979). 

OC on the shelf is generally <1% except for the River 

Orange mouth to the south of the Luderitz cell, where 

Ctotvalues range between 3 – 6% (wt) and around the 

Walvis cell where the OC reach up to 11% (wt). OC 

distribution on the upper slope is generally between 4 – 

5% (wt) and < 2% on the lower slope. 

 

Scenario 2 (Moderate productivity) 
Figure 4a shows the total organic carbon distribution 

based on station 20 representing the upper slope setting 

generated using the (Mann, 2008)equations. OC 

distribution everywhere in the in the modelled area is 

mostly >1% (wt) with a maximum value of < 16% (wt) 

around the Walvis cell. Figure 4b also shows OC 

distribution based on station 20 generated using the 

(Müller and Suess, 1979) equations, representing the 

upper slope setting. The shelf has OC values ranging 

from 1 – 9% (wt), the upper slope has OC distribution of 

about 4% (wt) and the lower slope has OC distribution of 

about 2% (wt). 

Figures 4a and b: showing the OC distribution for Mann and Zweigel(a) (2008 and Mueller and Suess(b) (1979) for the 

moderate PP scenario. 
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Scenario 3 (Low productivity) 

Figure5a shows the total organic carbon OC distribution 

based on station 20 representing the upper slope setting 

generated using the (Mann, 2008)equations. OC 

distribution on the shelf is mostly >1% (wt) and around 3 

– 4% (wt) to the south of the Luderitz cell along the 

mouth of the River Orange with a maximum value of 

~7.5% (wt) around the Walvis cell. OC distribution on 

the upper and lower slope is generally < 1% (wt). OC 

distribution based on same station but generated using 

the (Müller and Suess, 1979) equations are shown in 

Figure 5b. The shelf has OC distribution of generally < 

0.5% (wt) except around the River Orange mouth to the 

south of Luderitz cell, where OC values range between 

1.5 – 2.5% (wt) and around the Walvis cell where the 

maximum OC value of 4.5% (wt) occur. The upper slope 

has OC distribution between 1.5 – 2% (wt) while the 

lower slope has OC distribution between 1 – 1.5% (wt). 

A B

 

Figures 5a and b: OC distribution for Mann and Zweigel(a) (2008) and Mueller and Suess (a) (1979) for the low PP 

scenario 

 

DISCUSSIONS 

The different scenarios were compared against one 

another and discussed here.  The comparisons and 

discussions below were made based absolute and relative 

differences between the modelled values, generated using 

the two equations and the acquired data. In this study, 

relative difference of ≤ 10% is considered a very good 

match; differences between 10 – 20% are considered as 

good matches while differences > 20% are considered 

poor, while absolute differences in TOC of ≤ 1% (wt) are 

considered good matches. Figure 6 shows a summary of 

all stations having absolute difference between measured 

and modelled TOC of ≤ 1% (wt) 

 

Figure 6: Comparison (Absolute difference in TOC) between the high, moderate and low PP scenarios among the 26 

stations using the Mann and Zweigel (2008) equations with the acquired data 
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Mann and Zweigel (2008) “Definition” equation 

Comparison between the three scenarios was done on all 

the 26 stations (which are along multiple depth transect 

(Fig.2) from shallowest to deepest). Figure 6 shows the 

absolute difference between the measured and the 

modelled data. At water depths <100m, the three 

scenarios have differences between measured and 

modelled TOC values averaging about 5% (wt). At water 

depths >100m, especially at station 5 which is about 

150m of water depth, there is very little difference 

between the measured and modelled values with the high 

and moderate productivity scenarios having a difference 

of 0.1% and the low productivity scenario has a 

difference of 0.8% (Fig.6). From stations 6 – 9 (160 – 

250m water depths) the differences begin to rise reaching 

up to 4% at station 9. At station 11, the high and the 

moderate productivities have differences between 

measured and modelled OC values of about 1% (wt) 

whereas the low productivity has a difference of about 

2% (wt). Between stations 16 – 23 there is what appears 

like a Gaussian distribution, with differences rising from 

station 16 (940m WD, OC difference ~1 wt%), peaking 

at station 19 (1000m WD,OC difference ~3 wt%) and 

coming down in station 22.   

Figure 7 on the other hand shows the relative differences 

between the measured and the modelled values. At water 

depths <100m, the modelled values are more by about 

80%. At station 5 (150m WD), the difference between 

the measured and the modelled values in high and 

moderate PP scenarios is < 10% whereas in the low PP 

scenario is about 70%. At station 6, the modelled values 

for the high PP scenario is more than the modelled value 

about 40% while the measured values are more in the 

moderate and low PP scenarios by around 20%. At 

stations 12, 13 and 25 the modelled values in high and 

low PP scenarios are higher than the modelled values. 

And in station 26, all the modelled values are higher than 

the measured values.  

 

 

Figure 7: Comparison (Relative difference in TOC) between the high, moderate and low PP scenarios among the 26 stations 

using the Mann and Zweigel (2008) equations with the acquired data. 

The absolute difference in hydrogen index (HI) between 

the measured data and the modelled results shows much 

smaller difference between the measured and the 

modelled values, whereas absolute difference shows 

similar pattern to the difference TOC values 

Mueller and Suess (1979) equation 

Figure 8 shows how the measured and modelled OC 

values differ in using the Mueller and Suess (1979) 

equation in this study. At stations 1 – 4 (water depth 

<100m) there is a great difference between the measured 

and the modelled OC values with stations 1 and 4 having 

a difference of about 4% (wt) whereas station 3 has a 

difference > 7% (wt) for all the three scenarios. Stations 

5 and 6 show very small differences in the high PP 

scenario but the low PP scenario has differences of about 

1 and 3% in stations 5 and 6 respectively (Fig. 8). 

Between stations 7 – 15, OC differences average 2.5% 

(wt), with the high PP scenario having the least 

difference except in stations 12 and 13. From stations 16 

– 21, there very little difference between the measured 

and the modelled OC values in the high PP scenario 

(average 0.2 wt%) and at station 20, there is no 

difference between the measured and the modelled OC 

values (Fig.8). The moderate PP scenario has an average 

difference between measured and modelled OC of 1% 

(wt) whereas the low PP scenario has an average 

difference of about 3% (wt). At stations 22 – 26, the high 

PP scenario has an average difference between the 

measured and the modelled OC of about 3% (wt); the 

moderate PP scenario has a difference in OC of about 

1.5% (wt) whereas the low PP scenario has difference 

between measured and modelled values of about 2% 

(wt).  
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Figure 8: Comparison (Absolute difference in TOC) between the high, moderate and low PP scenarios among the 26 

stations using the Mueller and Suess (1979) equations with the measured data. 

On the other hand, Figure 9 shows the relative difference 

between the measured and the modelled TOC values. 

The modelled values are more than the measured values 

by about 90% in waters > 100m deep. Stations 5 and 6 

show almost no difference between the measured and the 

modelled values in high the PP scenarios. From stations 

7 – 11 the relative difference averages around 80%, with 

the high PP scenario having the least relative difference. 

In stations 12 and 13 the modelled values are higher by 

about 60% and from stations 14 – 21, the relative 

differences are very small especially in the high PP 

scenario. From stations 22 – 26, the modelled values are 

higher than the measured values, reaching a relative 

difference value > 500% in station 26

.  

 

Figure 9: Comparison (Relative difference in TOC) between the high, moderate and low PP scenarios among the 26 stations 

using the Mueller and Suess (1979) equations with the measured data. Comparisons between “Definition” (Mann and 

Zweigel, 2008) equations and Mueller and Suess (1979) equationsHigh productivity: Mann and Zweigel (2008) vs Mueller 

and Suess (1979) 
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Figure 10 shows how the absolute differences of these 

two equations compare under the high productivity 

scenario.From stations 1 – 5 (≤ 153m of water depths) 

their performances are fairly equal. In station 6 however, 

the (Müller and Suess, 1979)equations have difference in 

OC values < 0.1% (wt) whereas the (Mann, 2008) 

equations have difference of about 1.5% (wt). From 

stations 7 – 13 the two equations have comparable 

performance. From stations 14 – 21 (590 – 1500m water 

depths) the (Müller and Suess, 1979) equation show less 

difference between the measured and the modelled OC 

values than the (Mann, 2008).Figure 11 shows the 

relative difference between measured and modelled TOC 

and both equations shows similar differences with the 

measured values at water depths <100m. At stations 12 

and 13 however, the simulated values are bigger than the 

measured values. From stations 14 – 21, there little 

difference between the measured and the modelled 

values and from station 22 – 26, modelled values from 

(Müller and Suess, 1979)equations are all higher than the 

measured values, whereas values generated by the 

(Mann, 2008)are less than the measured values in 

stations 22, 23 and 24 but greater than the measure 

values at stations 25 and 26. Absolute and relative 

comparisons in HI are shown in appendices 11 and 12 

respectively

. 

 

 

 

 

 

Figure 10: Comparison in absolute difference in TOC between the modelled Mann and Zweigel (2008) and Mueller and 

Suess (1979) equations with the measured data. 

 

Figure 11: Comparison in relative difference in TOC between the modelled Mann and Zweigel (2008) and Mueller and 

Suess (1979) equations with the measured data. 
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It is possible lateral transport of organic carbon through 

the bottom nepheloid layer from the shelf down to the 

slope has played a significant role in redistributing the OC 

as reported by (Inthorn et al., 2006). Based on 14C 

sediments ages and sedimentation rates, (Inthorn et al., 

2006) argued that SPM at the upper slope is older than the 

underlying layer, meaning it must have migrated from the 

shelf downward. He argued that SPM at the upper slope is 

about 3110 14C year old. On the contrary, primary 

productivity values used in this study(Fischer et al., 2000) 

were based on modern satellite based remote sensing 

technology. It is possible therefore PP values estimated 

for the upper slope cannot be used satisfactorily to 

simulate the concentration of organic carbon sampled at 

these locations because part of the OC on the upper has 

been transported there from the shelf. This could explain 

the inconsistency observed from lower shelf (Figs 6, 7, 8 

and 9) where the software simulation is very good. But on 

the same lower shelf the going from stations 7 – 10 the 

simulation was poor. The same inconsistency was 

observed on the upper slope even though the simulation 

was generally better than that for the lower shelf. 

 

CONCLUSION 

Based on the observations from this study, it is very clear 

that the (Mann, 2008) equation simulates organic carbon 

deposition better at depths ≥ 2000m and the (Müller and 

Suess, 1979)from 950 – 1500m. It is not very clear though 

why exactly OF-Mod simulates poorly except the upper 

shelf. Examining all the Figures showing differences 

between the measured and the simulated TOC values 

above, they all seem to have a multi modal distribution; 

where the differences between the measured and the 

modelled TOC values have several peaks. This suggests 

there are certain depth corridors where OF-Mod works 

well and in certain depth corridors not so well. It could be 

observed that the two equations alternated in simulating 

well to very well from depths ≥ 1000m. Although in 

stations located at water depths <100m the differences 

between the measured and the modelled values are large 

for both equations; looking at stations 5 and 6 (Fig.6) 

which are located at water depth 150 – 160m they show 

much less difference than stations 19 – 21 which are 

located at 1000 – 1500m water depths. On the contrary, 

the (Müller and Suess, 1979)equations seem to work well 

on stations 19 – 21 (Fig. 8). However, the (Müller and 

Suess, 1979)equations show a much bigger difference 

between the measured and the modelled values in stations 

22 – 26 than it does in shallower stations 5 and 6 and 

again here the (Mann, 2008)equation did the simulation 

very well. The (Mann, 2008) equations are open ocean 

equations and hence it should work well at depths 

>1500m but it seems it works best at depths >2000m. In 

figure 9, the (Mann, 2008)equation has differences 

between measured and modelled values of ≤ 1% (wt) in 

stations 5, 6, 11, 16, 17, 22, 23 25 and 26. It was not clear 

why station 24 works better for (Müller and Suess, 1979) 

at such depth (2500m) and not Mann, 2008). Moreover, 

looking at the relative differences between the measured 

and the simulated values, it could be observed in results 

simulated using the Mann, 2008) equations (Fig.7) that 

only in stations 6, 12, 13, 25 and 26 are the modelled 

values > measured values. Similarly, in Figure 11 only 

stations 12, 13, 22 – 26 have modelled values >measured 

values.  Figure 12 shows a summary of all stations with 

differences between measured and modelled TOC values 

of ≤ 1% (wt). 
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