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Chapter I
Geochemical results

The lowermost sub-sublevel II-1a2 (97.00 – 97.13 m) of the Para-Reference Profile 13 II (2014) has the highest soluble salt content (12.8%) and is the most acidic pH (0.7) of the entire section. TOC values are low (4.2%), OM amounts to 7.2% and the C/N ratio is at 11. The layer consists of about 15% clay and 79% of silt, which characterizes its texture as a medium clayey silt (Fig. 3). Medium to low Ca values, high Ti and K as well as high values of S and Fe characterize this level.  Regarding elemental ratios, Ca/Ti and Si/Ti are both moderate whereas Fe/Ti exhibits rather high values (Figs. 3 and 4). 
Within sub-sublevel II-2c5 (97.13 – 97.44 m) and following sub-sublevel II-2c4/5 (97.44 – 97.65 m) clay content is less and the texture is classified as pure silt (90%). An exception is the basal sample of 2c4/5 where the sand fraction peaks at 20%. The pH value rises continuously to values of 6 while sub-sublevels are free of carbonates and soluble salt content decreases to 1%. TOC content increases from 3.3% to 8.3% (up to 14.3% OM) in 2c4 and subsequently decreases to 5.3% while C/N ratios rise from 11 to 16. Low Ca, decreasing Fe and S, and stable high levels of Ti and K values are notable in these sub-sublevels, whereas Si displays an oscillating pattern (Fig. 3). Compared to the preceding level, Ca/Ti and Si/Ti remain stable and Fe/Ti shows a decreasing trend towards the top of this level (Figs. 3 and 4). 
The texture of sub-sublevels II-2c4 (97.65 – 97.91 m), 2c3 (97.91 – 98.45 m) and 2c2 (98.45 – 98.58 m) is marked by an increase in sand content. It shows a maximum of 73% in the upper part of 2c4 and decreases to 48.6% in 2c2 resulting in strongly to medium silty sands. pH values are fairly stable ranging between 7.0 and 7.4 before decreasing slightly in 2c2 to 6.8. Carbonate contents increase in sub-sublevel 2c4 to a maximum of 19.8%, and then slightly decrease in 2c3 and 2c2 to 12.7% and 15.5% respectively. Soluble salt, TOC and TN contents remain stable, however, the C/N ratio further oscillates between 6.5 and 14 (Fig. 3). Whereas Ca as well as Ca/Ti show a slightly increasing trend with minor internal fluctuations, Ti and K remain high and stable and Fe, low and stable, but all reflect similar variability (as Ca. S continues the decreasing trend of the preceding level, whereas Si and Si/Ti reveal slightly higher, but further variable values. The Fe/Ti basically remains on a stable low level with one mayor minimum excursion in 2c4 (98 cm) (Figs. 3 and 4).  
Sub-sublevel II-2c1 (98.58 – 99.17 m) is characterized by distinctly low sand (ca. 1%) and high silt (79%) contents. The lower part shows higher contents of clay (13%) and texture is hence classified as medium clayey silt. pH, soluble salt and CaCO3 decrease very slightly, whereas TOC and TN remain constantly low. C/N shows values of 14 at the base and 7 at the top of this level (Fig. 3). Slight Ca and Ca/Ti decreases are associated with a slight increase in Ti and K. Fe and Fe/Ti both display minimum within values at this level (99.0 cm). S exhibits a rather broad but very weak increase and Si together with Si/Ti reveal a slight minimum (Figs. 3 and 4).
The following sub-sublevels II-2bc (99.17 – 99.50 m), 3bc (99.50 – 99.62 m), 3b3 (99.62 – 99.69 m) and 3b2 (99.69 – 99.82 m) are described together. The base of 2bc stands out since it shows the highest content of sand (83%) within the entire sequence and respectively low amounts of clay (<1%) and silt (16%). The distinctive base of 2bc is further characterized by a very low pH (2), high soluble salts (3.4%) as well as a distinct increases in TOC and TN. Over the course of this section sand content falls to 3.5%, whereas silt rises up to 96.5% and clay shows a broad maximum of up to 15 % peaking in 2bc (99.37 m). Further, CaCO3 and TOC contents increase reaching their maxima in 3bc (99.56 m; 37.5% CaCO3, 35.7% TOC), whereas TN also increases but peaks (5.2%) slightly prior to the other two in 2bc (99.37 m). After the maximum both TOC and TN gradually drop, leading the C/N ratio to initially low values <5 and a broad maximum of 18 in level 3b2 (99.72 m). Distinct peaks of Ca, Ca/Ti, Fe/Ti and Si/Ti in 3bc and subsequent drops over 3b3 are observed (with some distinct internal variability (e.g., a certain minimum in 3bc). However, Ti and K reveal an anti-phased behaviour. Fe, S and Si exhibit strong increases reaching maximum values within 2bc. Conversely, Fe and S display decreasing trends thereafter while Si again shows oscillating behaviour (Figs. 3 and 4).
Overlying sub-sublevel 3b1 (99.82 – 100.26 m) is determined as silt at its base and a slightly clayey silt at the top. pH oscillates between 6.7 and 2.2, with the two minima bracketing the maximum at the centre of this level. The same oscillating pattern is exhibited by CaCO3 (between 6.4 and 0 %) and the soluble salts, however in an anti-phased relationship. Deposits contain between 10 and 12.6% TOC (=17 to 21.7% OM), 0.65% TN, and the C/N is between 13.6 and 15.7 with an upwards decreasing trend (Fig. 3). Ca, and Ca/Ti reveal a decreasing trend, whereas K and Ti are again anti-phased. Fe/Ti and Si/Ti reveal a pronounced short-term lowering at the base of the level, and then remain fairly constant above 100 m depth. While Fe and S show distinct minima and maxima, Si once more exhibits a quite chaotic pattern within this level (Figs. 3 and 4).  
The following sublevels II-3a (100.26 – 100.28 m) and II-3b (100.28 – 100.34 m) were merged into one horizon 3ab for some of the analysed parameters due to very low width of layer 3a and thus a lack of material. One grain size measurement from 3a shows that it basically consists of silt (>97%). A sharp increase is notable in pH (from 3.1 to 6.4), in CaCO3 (up to 32%) and in TOC (up to 22.4% = 38.5% OM), whereas soluble salts decrease (from 1.6 to 0.7%).  C/N ratios show only minor changes between 11.7 and 15.9 S, Si and Fe remain stable, but Ca, Ca/Ti, Fe/Ti and Si/Ti reveal increases as sharp as e.g., pH. The opposite behaviour is displayed by Ti and K (Figs. 3 and 4). 
The following section of the profile comprises sublevel II-4i, sub-sublevels 4h1 and 4h2, sublevels II-4g, II-4f and II-4ef (100.34 – 101.00 m). Maximum contents of clay (4g: 28.6%) and very low sand contents (<3 %), (except for sublevel 4ef with 13.9% of sand) make it a pure silt.  pH is high and stable (6.8 to 7.4), and soluble salts have a narrow range around 0.8%. In this section maximum amounts of CaCO3 (4h1: 67.3%; 4f: 71.9%) are achieved, however they display a minimum (4g: 42.4%) in between. TOC ranges between 2.5 and 13.4%, TN from 0.2 to 0.9% and the C/N ratio between 8.9 and 14.9 showing an anti-phased pattern to the CaCO3 content. Ca, Ca/Ti, Fe/Ti and Si/Ti follow the pattern of CaCO3 with generally high values and a minimum in sublevel 4g. Ti, K and Fe fall to to minima of the entire sequence and remain at this low level in this section, nevertheless revealing some internal variability. S slightly rises and Si shows a high frequent oscillation over levels 4i to 4g (100.34 – 100.7 m) and a rising tendency thereafter until the top of 4ef (101 m) (Figs. 3 and 4). 
The texture of the entire sublevel II-4e3, including 4e3(c3?) (101.00 – 102.01 m) is a pure silt (>85% silt, <5.7% sand and <6% clay). pH initially drops to 2.3 and remains stable afterwards. CaCO3 reveals the very same pattern dropping to amounts of ca. 0.2%. TOC, TN and the C/N ratio reveal a decreasing trend over the entire section (TOC: from 8.8 to 2.4%; TN: from 0.58 to 0.15%; C/N: from 14.7 to 5.9). Soluble salts show varying amounts between 0.3 and 1.3%. A pronounced decreasing trend in Ca, S, Ca/Ti, Fe/Ti and Si/Ti are opposed by n increases in K and Ti. However, within sublevel II-4e3 (between 101.5 and 101.65 m) K, Fe and S show short-term maxima (Figs. 3 and 4).  
Texture in sub-sublevel II-4e1 (102.01 m – 102. 50 m) remains unchanged as a pure silt. Similarly, stable but low values are maintained by soluble salts (ca. 0.4%), CaCO3 (<3%), TOC (ca. 2.4%) and TN (ca. 0.28%). C/N ratio ranges from 10.1 to 5.6 and only pH shows a slight increase from 4.6 to6. XRF-derived elemental data all show rather stable values, with only minor fluctuations compared to the level below. However, a very slight increasing tendency is noted for Ca, Ca/Ti and Fe/Ti with the opposite occurring in Ti, K, and Fe (Figs. 3 and 4). 
[bookmark: _GoBack]The uppermost section of the presented sequence originates from the Zeugenblock 13 II (2018) profile starting with sublevel 4c (101.41m – 101.75 m) (Fig. 2 right, Tab. 1 S).  Texture of this sublevel is characterized as a weakly clayey silt. pH is consistently high, around 6.7, and CaCO3 also displays high amounts of 64.6 %. By contrast, soluble salts (ca. 0.6%), TOC (1.6 – 2.4%) and TN (ca. 0.24%) have comparatively low levels. The C/N ratio tends to increase slightly towards the top of this level from 6.3 to 8.1. High values, decreasing towards the top of the sublevel, are detected in Ca, Ca/Ti Fe/Ti, and Si/Ti. These are again anti-phased to Ti, K and Fe. Si and S reveal a slight decrease in their values. 
The deposits in sublevel 4ab (101.75 m – 102.13 m) are still characterized as weakly clayey silt as in the preceding sublevel 4c.  A very strong increase is observed in TOC (up to 22%), TN (up to 1.3%) and C/N (up to 14.3). The layer is barren of carbonate and reveals a very acidic pH of 1.9. The soluble salt content shows a slight increase up to 1.7%. Ca, Ca/Ti, and Si/Ti descrease slightly, whereas Ti, K, Fe and Fe/Ti show an increasing trend. S remains stable and Si continues to oscillate with a rather high amplitude. 
The uppermost part of the sampled section, consisting of sub-sublevel 5d2 (102.14 – 102.21 m) and 5c3 (102.21 m – 102.38 m) has a silty texture and is characterized by a still acidic but slightly higher pH of 3.3. Decreasing trends are observable in soluble salts (to 0.4%), TOC (to 1.9%), TN (to 0.2%) as well as the C/N ratio (to 7.4%), whereas CaCO3 is still absent. The trends of the preceding sublevel continue with further decreasing Ca, Fe, S, Ca/Ti, Fe/Ti and Si/Ti, and increasing values for Ti and K. However, within the uppermost sublevel (5e3) these trends are reversed (Figs. 3 and 4). 


