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Sediment and soil descriptions for profiles and cores (2017 research season):
Kasitu 2
Sediment descriptions (bottom-up)
(1) +0-15 cm: Biotite schist.
(2) +15-130 cm: Biotite schist saprolite with redox masses.
(3) +130-280 cm: Subangular to subrounded coarse sandy loam with 10-15% very coarse sand inclusions parting to fine sandy loam with 15-25% coarse sand inclusions; bedding features absent; rare roots, common rootlets, rare insect, rare rodent disturbances; 7.5YR7/6.
(4) +280-312 cm: fine sandy loam with 15-25% subrounded to subangular coarse sand inclusions; subplanar bedding features dipping to the west 5°.
(5) +312-343 cm: fine sandy loam with 15-25% subangular to subrounded coarse sand inclusions; bedding features absent; abundant root and rootlet disturbances; 10YR6.5/6.
(6) +343-373 cm: silty sand with 10-15% angular to subangular coarse sand inclusions; bedding features absent; rare roots and rootlets; 10YR6/4.

Soil descriptions (top-down):
(1) -0-230 cm: Soil 1
a. -0-25 cm: C horizon (no soil)—very abrupt straight boundary (erosional unconformity)
b. -25-80 cm: Bw1 with an abrupt, wavy boundary
c. -80-230 cm: Bw2 with a very abrupt, straight boundary (hits saprolite)

Kasitu 4
Sediment descriptions (bottom-up)
(1) +0-18 cm: very poorly sorted, angular to subangular fine loamy sand with 5-10% coarse sand and <1% gravel; common root and insect disturbances; bedding features absent; 7.5YR5/4.
(2) +18-41 cm: very poorly sorted, angular to subangular coarse loamy sand; 1-2% mica, 1-2% biotite, 1-2% angular to subangular gravel inclusions; bedding features absent; rare rootlets and roots, common insect disturbances; 7.5YR6/4.
(3) +41-99 cm: very poorly sorted, angular to subangular loamy sand with 10-15% coarse sand and <1% angular gravel inclusions; bedding features absent; common insect disturbances; 7.5YR5/4.
(4) +99-126 cm: poorly sorted, angular loamy sand with 5-10% coarse sand and 2-5% fine gravel; bedding features absent; rare rootlets and roots, common insect disturbances; 7.5YR5/4.
(5) +126-165 cm: very poorly sorted, angular to subangular sandy loam with 2-5% fine gravel; 1-2% mica, 1-2% biotite; rare rootlets and roots, common insect disturbances; 7.5YR5.5/4.
(6) +165-187 cm: very poorly sorted, subangular to subrounded sandy loam with a lens of gravel at the bottom of the stratum; 15-25% coarse sand; bedding features absent; rare rootlets and roots, common insect disturbances.
(7) +187-225 cm: poorly sorted, angular to subangular sandy loam with 5-10% coarse sand and a small lens of 2-5% gravel; 1-2% biotite; rare rootlets and roots, common insect disturbances; 7.5YR3/4.
(8) +225-253 cm: very poorly sorted, subangular sandy clay loam with 5-10% medium to coarse gravel; 1-2% biotite; common rootlets, roots and rare to common insect disturbances; 7.56/2.5.
(9) +253-309 cm: very poorly sorted coarse sandy clay loam fining up to a very poorly sorted fine sandy clay loam with <1% gravel inclusions; a fine to medium gravel lens (~15 cm long) is located at the base of the stratum with abundant pedogenic clayey intraclasts; 1-2% charcoal; burnt clay/pottery inclusions; common rootlets, roots and insect disturbances; 10YR5/3.

Soil descriptions (top-down):
(1) -0-56 cm: Soil 1
a. -0-10 cm: A horizon
b. -10-19 cm: 1Btk1 with a weak subangular blocky structure (0.5-2.5 cm lower boundary)
c. -19-32 cm: 1Btk2 with a weak blocky structure (0.5-2.5 cm lower boundary)
d. -32-50 cm: 1Btk3 with a medium-strong blocky structure (<0.5 cm lower boundary)
e. -50-56 cm: 1Btk4 with a very strong blocky structure (<0.5 cm lower boundary)
(2) -56-172 cm: Soil 2 (palaeosol)
a. -56-86 cm: 2Btk1 with a strong blocky structure (2-5 cm lower boundary)
b. -86-172 cm: 2Btk2 (5-10 cm lower boundary)

Kasitu 5
Sediment descriptions (bottom-up)
(1) +0-10 cm: very poorly sorted, subangular to subrounded sandy clay loam with 1-2% angular gravel inclusions; rare roots and rootlet, common insect disturbances; 10YR4/2.
(2) +10-65 cm: very poorly sorted, subrounded to subangular sandy loam with <1% angular gravel inclusions, <1% charcoal inclusions; rare rootlet, common root and insect disturbances; possible cultural material in situ; 10YR5/2.
(3) +65-115 cm: well-sorted, subangular to subrounded loamy sand coarsening up; rare rootlet, common root and rodent-sized disturbances (sand lenses); 10YR5/3.
(4) +115-127 cm: poorly sorted, angular to subangular loamy sand (coarser than the underlying stratum) with 2-5% fine gravel inclusions; common rootlet, root and insect disturbances; 7.5YR5/4.
(5) +127-132 cm: very well sorted, subangular to subrounded silt loam with 10-15% medium sand; common rootlet and insect disturbances; 10YR5/4.
(6) +132-137 cm: poorly sorted, angular to subangular fine to medium sand with 1-2% angular gravel inclusions; weak, cm-scale planar bedding; common rootlet, root and insect disturbances; 7.5YR5/4.
(7) +137-155 cm: well-sorted loam; mm-scale cross bedding; common rootlet and insect, rare root disturbances; 7.5YR4/4.
(8) +155-215 cm: moderately well sorted loamy sand; cm-scale bedding planes and clayey intraclasts from +155-165; common rootlet, root and insect disturbances; 7.5YR5/4.
Soil descriptions (top-down):
(1) -0-~25 cm: Soil 1 (1Ap)
(2) -100-~120 cm: Soil 2 (palaeosol)
a. -100-105 cm: 2Ab horizon
b. -105-120 cm: weak 2Bw 
(3) -150-185 cm: Soil 3 (palaeosol)
a. -150-155 cm: 3Ab
b. -155-185 cm: weak 3Bw
(4) -205 - >215 cm: Soil 4 (palaeosol—could not reach the bottom of the soil, only the buried A horizon was observed and is described in Strat (1) of the sedimentology)

Luwelezi
Sediment descriptions (bottom-up)
(1) +0-40 cm: well-sorted, subangular to angular loamy sand with <1% coarse sand inclusions; bedding features absent; common rodent and insect disturbances; matrix = 7.5YR4/2-w, iron redox mottles are 5YR5/6-w.
(2) +40-50 cm: poorly sorted, angular to subangular coarse sandy loam; bedding features absent; rare insect disturbances; 7.5YR4/3-w.
(3) +50-65 cm: very well sorted, angular to subangular loamy sand; common insect disturbances; 7.5YR4/4-w with redox mottles of 2.5YR5/8-w.
(4) +65-75 cm: very well sorted clay loam; common insect disturbances; 7.5YR4/6-d with 2.5YR4/8-d pedogenic mottles. 
(5) +75-90 cm: poorly sorted coarse sandy clay loam; rare rootlets and common insect disturbances; 7.5YR4/6-d with 2.5YR4/8-d pedogenic iron oxide mottles.
(6) +90-175 cm: very well sorted silty clay loam coarsening up sequence (pedogenic); rare rootlets and roots, common insect and rodent burrows; matrix = 10YR5/3 with 2.5YR4/8 pedogenic filaments.
(7) +175-190 cm: cross-bedded very poorly sorted, angular to subangular fine to medium sand and very poorly sorted medium to coarse sand with laminar clayey intraclasts; rare rootlets and roots, common insect disturbances; matrix = 10YR6/6, intraclasts = 10YR4/4.
(8) +190-195 cm: mm-scale laminar clay loam with intrusive angular to subangular coarse sand; rare rootlets and roots, common insect disturbances; matrix = 10YR6/3 with 7.5YR6/8 redox laminates.
(9) +195-232 cm: very strongly cross-bedded, very poorly sorted fine to medium sand and medium to coarse sand; <1% charcoal inclusions; rare rootlets, roots and common insect disturbances.
(10) +232-236 cm: very well sorted loam with intrusive (10-15%) coarse sand; mm-scale planar laminates; rare rootlets, roots and common insect disturbances; 10YR5/1 and 2.5YR5/8.
(11) +236-240 cm: very poorly sorted fine to coarse sand; planar bedding features; rare rootlets, roots and common insect disturbances; 10YR6/6.
(12) +240-255 cm: very well sorted silty clay; mm-scale redox laminates; 10YR3/1 with laminates of 7.5YR6/8.
(13) +255-260 cm: medium well sorted fine to medium sand with <1% intrusive, angular to subangular coarse sand; heterogeneous minerology; common insects; 10YR5/6.
(14) +260-266 cm: very well sorted silt loam; mm-scale redox laminates (wetland clay); 10YR3/1 with laminates of 7.5YR6/8.
(15) +266-299 cm: medium well sorted fine to medium sand with 2-5% coarse sand inclusions; strong sub-cm scale cross bedding; <1% charcoal inclusions; rare rootlets, roots and common insect disturbances; 10YR7/6 and 7.5YR6.5/8.
(16) +299-321 cm: very poorly sorted fine to coarse sand; cm-scale sub-planar beds; <1% charcoal and microcharcoal (observed through hand lens); common rootlets, roots and insect disturbances; 7.5YR5/6.
(17) +321-334 cm: poorly sorted fine to medium sand with 2-5% angular to subangular coarse sand inclusions; mm-scale sub-planar bedding features; common rootlets, roots and insect disturbances; 7.5YR5.5/6.
(18) +334-345 cm: very well sorted silt loam; common rootlets, roots, rodent and insect disturbances; 10YR5/4.

Soil descriptions (top-down):
(1) -0-12 cm: Soil 1 (Ap horizon comprised of weak subangular blocky structure with a clear, straight lower boundary)
(2) -165-285 cm: Soil 2 (palaeosol)
a. -165-170 cm: Ab with a clear, straight boundary
b. -170-183: 2Bt1 with weak wedges, clay filaments on the ped faces; clear, straight boundary.
c. -183-195 cm: 2Bt2 with a strong subangular, blocky structure; clay filaments on the ped faces; clear, straight boundary.
d. -195-285 cm: 2Bt3 with a strong angular blocky structure; clay masses on the ped faces; clear, straight boundary.

Sediment descriptions for profiles and cores (2019 research season):
Kasitu 1A
Sediment descriptions (bottom-up)
(1) +0-103 cm: silty clay loam with 2-5% subangular to subrounded medium – coarse sand; 7.5YR 6/6; rare MnO inclusions; two iron-rich aggregates; rare charcoal; common insect, common root disturbance.
(2) +103-130 cm: correlates to Kasitu 1, Unit 1 from 2017. Sandy clay loam with 2-5% subangular to subrounded coarse sand; 7.5YR 5/6; rare charcoal inclusions (not noted in 2017); common root and insect disturbance. RC1 taken from the upper profile (which provisionally dated to 3.6 ka in the OSL samples taken in 2017).
(3) +130-145 cm: correlates to Kasitu 1, Unit 2 from 2017. Sandy clay loam with 5-10% angular to subangular coarse sand with many feldspathic inclusions; 7.5YR 5/4; common root and insect disturbance. 
(4) +145-185 cm: correlates to Kasitu 1, Unit 3 from 2017. Sandy loam parting to fine sandy clay loam; subangular to subrounded sands; 10YR 5.5/4; common MnO concretions at the bottom of the unit; very common to many root and insect disturbances; active plow zone.

* Auger descriptions below are recorded top-down. Auger sections were removed sequentially in 30-cm plastic tubes, sealed on site and later opened by scoring and opening the tube in halves. 
AU3-1
(1) -0-10.5 cm: clay loam with subangular, spherical to subdiscoidal fine sand inclusions fining up.
(2) -10.5-12.5 cm: rounded to subrounded, discoidal to spherical fine sandy clay loam.
(3) -12.5-14.5 cm: clay loam.
(4) -14.5-16.5 cm: subrounded, discoidal to subprismoidal sandy clay loam.
(5) -16.5-21 cm: clay loam.
(6) -21-23.5 cm: subangular, discoidal to subdiscoidal sandy clay loam.
(7) -23.5-24.5 cm: clay loam.
(8) -24.5-26 cm: subangular to subrounded, subprismoidal to subdiscoidal sandy clay loam.
(9) -26-32 cm: subrounded to subangular, subprismoidal to subdiscoidal coarse sandy clay loam fining up.
· NOTES: There are distinct, dendritic redox concentration masses in the upper part of the core parting to faint, finely disseminated redox depoletions superimposed with distinct dendritic concentrations. Root disturbances are common throughout the core. There are no distinct laminates noted. The upper portion of the core is 10YR 2/1 and it gradually transitions to 7.5YR 3/2 as a function of soil pedogenesis.

AU3-2
(1) 0-2.5 cm: clay loam with subangular to subrounded medium to coarse sand; 7.5YR 4/1; many roots.
(2) -2.5-7.8 cm: sandy clay loam with subangular to subrounded coarse to very coarse sand; faint irregular and dendritic redox masses; common roots; 7.5YR 5/1; slight fining up.
(3) -7.8-8.7 cm: sandy clay.
(4) -8.7-14 cm: sandy clay loam with subangular to subrounded medium to coarse sand; prominent irregular redox masses (7.5YR 5/6) within a depleted redox matrix (7.5YR 5/1).
(5) -14-18 cm: sandy loam with subangular to subrounded coarse to very coarse sand; 7.5YR 5/1; common rootlets.
 NOTE: Core broke off in Unit 5, probably because the sands were not cohesive enough to allow the sediments to compact into the core.

AU3-3
(1) subangular to subrounded, subprismoidal to subdiscoidal coarse sandy loam; articulates into Unit (5) of AU3-2, but fell apart because it was so sandy; 7.5YR 5/1.
(2) -9-24.5 cm: clay loam with common, prominent redox masses; 2-5% subrounded to subangular medium to coarse sand inclusions; Gley1 5/10Y (masses = 2.5YR 4/6)
(3/1) -24.5-34 cm: clay loam with 1-2% heavy authigenic mineral inclusions (illumnite? Mn?); 2-3 mm sized calcite clast at -26.5 cm; redox; Gley1 5/10Y.
(2) -34-37 cm: clay with 2-5% medium sand inclusions; redox; Gley1 3/10Y.
 NOTE: The extra 7 cm of core came from an adhered piece of clay that was pulled up with the auger. The extra clay was clearly in the core when it was driven into the ground, but when the sandy lens (Unit 1) broke apart upon extraction, about 7 cm came out of the core. This 7 cm was carefully removed and wrapped in foil in the field and documented (but not sampled) in the lab.

AU7-1
· The entire core is comprised of a clay loam with 1-2% fine sand (Gley 1 2.5/10Y) with common to many root disturbances. There are more obvious root disturbances in the upper portion of the core relative to the lower, but this is because the topsoil consists of extant short grasses.

AU7-2
(1) 0-4.5 cm: same clay loam consistency as AU7-1; 10YR3/1.
(2) -4.5-~15 cm: slightly fine sandy clay loam, with the sands being subrounded parting to subangular, spherical to subdiscoidal; fining up from a medium sandy clay loam; very faint redox concentration mottles; 10YR3/1.
(3) ~15-30 cm: subangular to subrounded, spherical to subdiscoidal sandy clay loam; faint redox concentration mottles; 10YR3/1.

AU7-3
(1) 0-~11 cm: sandy clay loam with similar consistency as unit 3 of AU7-2; no redox mottles observed; 10YR3/1.
(2) ~11-30 cm: subrounded to subangular, spherical to subdiscoidal sandy loam that fines upward; 10YR4/1.

AU8 (Pit 8) NE Profile
(1) +0-19 cm: poorly sorted, rounded to subrounded, spherical to subdiscoidal sandy loam; Gley1 4/10Y; common rootlets.
(2) +19-51 cm: clay loam with 1-2% rounded to subrounded, spherical to subdiscoidal coarse sand; mottled gleyed redox concentrations with few depletions; Gley1 5/10Y.
(3) +51-63 cm: clay parting to clay loam with many dark (10YR 2/1) organic mats; common redox concentrations; Gley1 3/10Y; many rootlets.
(4) +63-79 cm: clay; common redox concentrations; Gley1 4/10Y; common roots and rootlets.
(4a) +0-55 cm: as from Unit (4); MnO and Fe concentrations at +49-50 cm; prismatic to blocky soil peds with possible laminates, but the soil is too dry to precisely discriminate; 5Y 5/2.
(5) +55-99 cm: poorly sorted angular to subangular sand; subplanar bedding features; MnO nodules at the bottom of the unit; fining up sequence to fine to medium sand; 2.5Y 6/4.
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Table SI.1 Stable isotope results

	Internal Reference and Quality Assurance Material
	 
	 
	 
	 
	 

	 
	Name
	δ15NAIR Calibrated Value (‰)
	δ15NAIR Measured Value (‰)
	δ15NAIR Stdev
	δ15NAIR n

	Reference 1
	JGLUT
	-4.43
	 
	 
	 

	Reference 2
	POPPGLY
	11.25
	 
	 
	 

	Quality Assurance
	JALA
	-3.16
	-3.19
	0.04
	19

	 
	 
	 
	 
	 
	 

	δ15NAIR  internal references and quality assurance calibrated against USGS40 and USGS41 with consensus values -4.52‰ and 47.57‰, respectively




	Location
	Isotope sample #
	δ13CVPDB (‰)
	%C
	δ15NAIR (‰)
	%N
	Uppsala δ13CVPDB (‰)
	Assoc. pollen sample #

	Kasitu1A
	ISO1
	-20.88
	0.09
	5.96
	0.01
	
	POL1

	Kasitu1A
	ISO2
	-20.11
	0.13
	6.68
	0.01
	
	POL2

	Kasitu1A
	ISO3
	-20.83
	0.11
	6.32
	0.01
	
	POL3

	Kasitu1A
	ISO4
	-20.54
	0.24
	7.16
	0.01
	
	POL4

	Kasitu1A
	ISO5
	-21.32
	0.07
	6.55
	0.01
	
	POL5

	Kasitu1A
	ISO6
	-21.79
	0.07
	6.50
	0.01
	
	POL6

	Kasitu1A
	ISO7
	-20.05
	0.31
	5.38
	0.01
	
	POL7

	AU3-1
	ISO8
	-23.47
	0.08
	-
	-
	-15,3
	POL8

	AU3-1
	ISO9
	-15.13
	2.52
	-
	-
	-14.8
	POL9

	AU3-1
	ISO10
	-14.69
	4.22
	-
	-
	-14.6
	POL10

	AU3-1
	ISO11
	-22.97
	1.18
	-
	-
	-16.8
	POL11

	AU3-2
	ISO12
	-15.66
	0.18
	-
	-
	
	POL12

	AU3-2
	ISO13
	-17.94
	0.07
	4.97
	0.03
	
	POL13

	AU3-3
	ISO14
	-16.12
	0.19
	5.38
	0.03
	
	POL14

	AU3-3
	ISO15
	-18.67
	0.11
	4.03
	0.02
	
	POL15

	AU3-3
	ISO16
	-19.11
	0.08
	4.93
	0.01
	
	POL16

	Kasitu2
	ISO2A
	-22.38
	0.15
	6.33
	0.01
	
	-

	Kasitu2
	ISO2A_R1
	-21.55
	0.07
	6.34
	0.01
	
	-

	Kasitu2
	ISO2A_R2
	-22.38
	0.11
	6.46
	0.01
	
	-

	Kasitu2
	ISO17
	-23.25
	0.03
	4.05
	0.00
	
	-

	Kasitu2
	ISO18
	-21.96
	0.04
	5.34
	0.01
	
	-

	Kasitu2
	ISO19
	-20.90
	0.05
	5.98
	0.01
	
	-

	Kasitu2
	ISO20
	-21.65
	0.05
	5.88
	0.01
	
	-

	Kasitu2
	ISO21
	-22.87
	0.13
	6.46
	0.01
	
	-

	Kasitu2
	ISO21_R1
	-23.01
	0.13
	6.53
	0.01
	
	-

	Kasitu2
	ISO21_R2
	-22.56
	0.13
	6.92
	0.02
	
	-

	Kasitu2
	ISO22
	-20.13
	0.25
	6.83
	0.02
	
	-

	AU5-1
	ISO23
	-20.56
	0.40
	7.48
	0.02
	
	POL25

	AU8
	ISO27
	-20.68
	0.06
	4.77
	0.01
	
	POL29

	AU8
	ISO28
	-22.24
	0.07
	6.10
	0.01
	
	POL30

	AU8
	ISO29
	-17.34
	0.67
	-
	-
	-16.2
	POL31

	AU8
	ISO30
	-18.54
	0.30
	5.44
	0.03
	
	POL32

	AU8
	ISO31
	-18.22
	0.31
	5.01
	0.02
	N/A
	POL33

	AU8
	ISO32
	-22.48
	0.23
	5.98
	0.02
	
	POL34

	AU8
	ISO33
	-25.81
	0.42
	 
	 
	Lost (technical)
	POL35

	Kasitu4
	ISO34
	-29.43
	0.17
	-
	-
	
	POL17

	Kasitu4
	ISO34_R1
	-29.08
	0.11
	-
	-
	
	POL17

	Kasitu4
	ISO34_R2
	-28.95
	0.09
	-
	-
	
	POL17

	Kasitu4
	ISO36
	-30.16
	0.15
	6.44
	0.01
	
	POL19

	Kasitu4
	ISO37
	-28.24
	0.28
	7.48
	0.01
	
	POL20

	Kasitu4
	ISO38
	-23.45
	0.24
	7.22
	0.02
	
	POL21

	Kasitu4
	ISO39
	-26.50
	0.38
	6.78
	0.02
	
	POL22

	Kasitu4
	ISO40
	-26.80
	0.37
	-
	-
	
	POL23

	Kasitu4
	ISO41
	-23.67
	0.82
	-
	-
	
	POL24

	AU7-1
	ISO42
	-15.64
	2.10
	-
	-
	-16,2
	POL36

	AU7-1
	ISO43
	
	
	 
	 
	-15,9
	POL37

	AU7-1
	ISO44
	-20.47
	1.05
	-
	-
	
	POL38

	AU7-1
	ISO45
	-
	-
	-
	-
	-16,9
	POL39

	AU7-1
	ISO46
	-17.95
	0.94
	-
	-
	
	POL40

	AU7-2
	ISO47
	-18.54
	0.54
	3.89
	0.03
	-17,1
	POL41

	AU7-3
	ISO48
	-17.42
	0.90
	4.42
	0.04
	-18,1
	POL42

	AU7-3
	ISO48_R1
	-17.78
	0.52
	4.79
	0.04
	
	POL42

	AU7-3
	ISO48_R2
	-17.57
	0.97
	4.69
	0.05
	
	POL42

	AU7-3
	ISO49
	-18.44
	0.30
	3.20
	0.02
	
	POL43

	AU7-3
	ISO49_R1
	-18.51
	0.51
	3.34
	0.02
	
	POL43

	AU7-3
	ISO49_R2
	-18.87
	0.31
	3.03
	0.02
	
	POL43

	AU7-3
	ISO50
	-22.69
	0.15
	2.39
	0.01
	-17,9
	POL44



Analyses of biomarkers
[bookmark: _Hlk78553174][bookmark: _Hlk75615575][bookmark: _Hlk76131581]For the purification and measurement of stanols, Δ5-sterols, bile acids and n-alkanes the method from Birk et al. (2012) was used with small modifications. Standards of stanols, Δ5-sterols, bile acids listed in Tab. SI-X and were obtained from Steraloids (Newport, RI, USA), Sigma-Aldrich (St. Louis, MO, USA), Alfa Aesar (Ward Hill, MA USA), Chiron (Trondheim, Norway) and C/D/N Isotopes Inc. (Pointe-Claire, Quebec, Canada). Derivatization reagents were obtained from Sigma-Aldrich (St. Louis, MO, USA). Distilled water was used and all other chemicals were GC- or at least analytical grade and were purchased from various suppliers. 

[bookmark: _Toc78545963][bookmark: _Toc79587065][bookmark: _Hlk76119348]Extraction, purification and silylation
[bookmark: _Hlk76115611]To extract the biomarkers by microwave-assisted extraction (Multiwave PRO, Anton Paar, Graz, Austria) 5 g finely grounded sediment was weighted into 100 ml PTFE-TFM liners. 40 ml dichloromethane/methanol (2:1; v/v) and a stirring bar were added and the liners were placed in PEEK-GF vessels (MF100, Anton Paar, Graz, Austria) into the rotor (16SOLV, Anton Paar, Graz, Austria). Extraction was carried out with stirring.  The temperature programme was heating to 100 °C within 10 min, and held at 100 °C for 20 min.  After cooling at room temperature, the suspension was transferred to 70 ml centrifuge tube. Centrifugation was done by 3 krpm for 5 min and the residue was washed two times with 40 ml dichloromethane/methanol each. 
[bookmark: _Hlk76115784]After extraction, 5α-cholestan-3β-ol-D5, cholest-5-en-3β-ol-D7, 3α-hydroxy-5β-cholanoic acid-D4 (LCA-D4) and n-hexatriacontane were added as first internal standards (IS1). The extract was concentrated by rotary evaporation and completely dried under a gentle stream of nitrogen. The drying under a gentle stream of nitrogen was always done to dry extracts and is not repeatedly described in the following sections of the method description. 
The extract was saponified in 5 ml 0.7 M KOH in methanol and reaction was allowed overnight (~15 h) at room temperature. After saponification, 10 ml water was added to the extract and the neutral fraction including the stanols, Δ5-sterols and n-alkanes was extracted by repeated liquid–liquid extraction with chloroform (3 × 15 ml). To extract the bile acids, 6 M HCl was added to the saponification/water solution for acidification (pH ≤2) and the acidic fraction including the bile acids was extracted by repeated liquid–liquid extraction with chloroform (3 × 15 ml). The chloroform extracts were concentrated by rotary-evaporation and dried, thereafter. 
The acidic fraction was methylated in 1 ml dry 1.25 M HCl in methanol at 80 °C for 2 h. The methyl esters were extracted after addition of 1 ml water by repeated liquid–liquid extraction with hexane (3 × 1.5 ml), followed by drying of the extract.
Both the neutral and acid fractions were purified by solid phase extraction (SPE). Purification of the neutral fraction was carried out with columns (5 mm diameter, PE) packed with 5% deactivated silica gel (50 mm, pore size 100 Å, particle size 63–200 µm, type POLYGOPREP 100-130, Macherey-Nagel, Düren, Germany) and preconditioned with hexane. Less polar substances including n-alkanes were eluted with 4 ml hexane and dried. The fraction containing alcohols including stanols and Δ5-sterols, was eluted first with 3 ml dichloromethane and afterwards with 2 ml dichloromethane/acetone (2:1, v/v). The dichloromethane and dichloromethane/acetone eluates were combined and dried. 
Purification of the acid fraction was carried out with columns (5 mm diameter, PE) packed with activated silica gel (50 mm, pore size 100 Å, particle size 63–200 µm, type POLYGOPREP 100-130, Macherey-Nagel, Düren, Germany) and preconditioned with dichloromethane/hexane (2:1, v/v). Less polar substances (fatty acid methyl esters, etc.) were eluted with 4 ml dichloromethane/hexane (2:1, v/v). The hydroxy acids including bile acids were eluted with 5 ml dichloromethane/methanol (2:1, v/v) and the eluate was dried.
[bookmark: _Hlk52966152]For silylation of stanols and Δ5-sterols, 37.5 µl BSTFA+TMCS (99:1 v/v) and 12.5 µl pyridine were added and the mixture was heated at 90 °C for 1 h. Excess silylation reagent was evaporated and dry toluene and 5α-cholestane-D4 (dissolved in dry toluene) as second internal standard (IS2) were added. The fraction containing bile acids was silylated in 50 µl dry toluene, 98 µl BSTFA and 2 µl TSIM. After heating at 80 °C for 1 h, 5α-cholestane (dissolved in dry toluene) was added as IS2. 5α-cholestane (dissolved in dry hexane) was added as IS2 to the n-alkane fraction before measurement. External standard solutions of the relevant biomarkers and IS1 were prepared in methanol or hexane and derivatized using the same methods, which were used for the soil extracts.
[bookmark: _Toc78545964][bookmark: _Toc79587066]
Gas chromatography measurements
[bookmark: _Hlk76118544][bookmark: _Hlk76382791]Derivates of stanols, Δ5-sterols and bile acids were analysed via gas chromatography-mass spectrometry (GC/MS) with an Agilent 7000D mass spectrometer (Agilent, Santa Clara, CA, USA) connected to an Agilent 7890B gas chromatograph (Agilent, Santa Clara, CA, USA). A DB-5ms Ultra Inert (Agilent, Santa Clara, CA, USA), 30 m fused silica column with 0.25 mm I.D. and 0.25 µm film thickness was directly coupled with the mass spectrometer. The injection port was equipped with a split/splitless liner (5183-4711, Agilent, Santa Clara, CA, USA). He (99.9999% purity) was used as carrier gas at a column flow of 1 ml min-1 (constant flow). The transfer line temperature was 250 °C. Electron impact ionisation was used at 70 eV. Measurements in scan mode were done to verify peak identity and measurements in selected ion monitoring mode (SIM) were performed for quantification (Table SI-X. shows the selected ions). 
For analyses of derivatives of stanols and Δ5-sterols, the injection port was set to 250 °C and 1 µL was injected in pulsed splitless mode (pulse pressure: 180 kPa, pulse time: 1.01 min). The column temperature programme was 80 °C (held 1.5 min) to 260 °C at 12 °C min-1, to 271 °C at 0.5 °C min-1 and to 300 °C (held 10 min) at 10 °C min-1. 
For analyses of bile acid derivatives, the injection port was set to 290 °C and 1 µL was injected in splitless mode. The column temperature programme was 80 °C (held 1.5 min) to 250 °C at 20 °C min-1, to 280 °C at 1.2 °C min-1 and to 300 °C (held 10 min) at 10 °C min-1.
[bookmark: _Hlk76383024]n-Alkanes were analysed via gas chromatography with an Agilent 7890B gas chromatograph equipped with a flame-ionisation detector (Agilent, Santa Clara, CA, USA) and a HP5 30 m fused silica column with 0.25 mm I.D. and 0.25 µm film thickness (Agilent, Santa Clara, CA, USA). The injection port was equipped with a split/splitless liner (5183-4711, Agilent, Santa Clara, CA, USA). He (99.9999% purity) was used as carrier gas at a column flow of 1 ml min-1 (constant flow). The injection port was set to 300 °C and 1 µl was injected in splitless mode. The column temperature programme was 80 °C (held 1.5 min) to 300 °C (held 20 min) at 5 °C min-1. 
 In case of high concentrations of biomarker derivatives, additional measurements were conducted in pulsed split mode and split mode, respectively.

[bookmark: _Hlk52982647][bookmark: _Hlk75620445]

Table SI.2. Investigated stanols, Δ5-sterols, bile acids,retention times (RT) and characteristic ion fragments (first ion fragment was used for quantification).
	
	

	Biomarker group
	Substance
	
	RT (min)
	Characteristic
ion fragments (m/z)

	 
	 
	
	 
	 

	 stanols
	5β-cholestan-3β-ol
	
	26.6
	370; 215; 355

	 
	5β-cholestan-3α-ol
	
	27.0
	370; 215; 355

	
	5α-cholestan-3β-ol-D5
	
	29.2
	465; 375; 360

	 
	5α-cholestan-3β-ol
	
	29.3
	445; 355; 460

	
	5β-stigmastan-3β-ol
	
	32.0
	398; 215; 383

	
	5β-stigmastan-3α-ol
	
	32.9
	398; 215; 383

	 
	5α-stigmastan-3β-ol
	
	35.7
	215; 383; 398

	 
	 
	
	
	 

	 
	 
	
	
	 

	Δ5-sterols
	cholest-5-en-3β-ol-D7
	
	28.8
	465; 375; 360

	
	cholest-5-en-3β-ol
	
	29.0
	329; 368; 458

	 
	stigmasta-5,22-dien-3β-ol
	
	33.1
	394; 255; 484

	 
	stigmast-5-en-3β-ol
	
	35.3
	396; 357; 486

	 
	 
	
	
	 

	 
	 
	
	
	 

	
	3β-hydroxy-5β-cholanoic acid (ILCA)
	
	25.2
	215; 257; 357

	 bile acids
	3α-hydroxy-5β-cholanoic acid-D4 (LCA-D4)
	
	25.9
	376.6; 261.4; 219.4

	 
	3α-hydroxy-5β-cholanoic acid (LCA)
	
	26.0
	372; 215; 257

	 
	3β,12α-dihydroxy-5β-cholanoic acid (BDCA)
	
	26.3
	255; 345

	 
	3 α,12α-dihydroxy-5β-cholanoic acid (DCA)
	
	26.8
	370; 255; 345

	 
	3α,7α -dihydroxy-5β-cholanoic acid (CDCA)
	
	27.7
	370; 255; 355 

	 
	3α,6α-dihydroxy-5β-cholanoic acid (HDCA)
	
	28.3
	355; 255; 370

	 
	3α,7β-dihydroxy-5β-cholanoic acid (UDCA)
	
	29.4
	255; 370; 460

	
	
	
	
	

	 
	 
	 
	 
	 





	Table SI.3. n-Alkanes
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sample number
	Mean depths
	C16
	C17
	C18
	C19
	C20
	C21
	C22
	C23
	C24
	C25
	
	

	
	(cm)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	
	

	ISO42
	2.5
	10
	9
	10
	3
	5
	5
	10
	11
	8
	9
	
	

	ISO43
	15
	24
	21
	22
	7
	8
	5
	5
	5
	3
	5
	
	

	ISO44
	26.25
	23
	28
	30
	6
	8
	5
	5
	6
	3
	5
	
	

	ISO45
	33.75
	27
	26
	30
	8
	10
	7
	6
	9
	4
	8
	
	

	ISO46
	44
	55
	40
	53
	11
	11
	6
	5
	5
	4
	6
	
	

	ISO47
	53
	37
	37
	45
	9
	13
	8
	5
	5
	4
	7
	
	

	ISO48
	58
	43
	29
	43
	9
	12
	8
	5
	6
	4
	7
	
	

	ISO48
	58
	65
	43
	58
	10
	16
	6
	6
	6
	4
	8
	
	

	ISO49
	69.75
	77
	53
	64
	9
	14
	6
	7
	6
	6
	6
	
	

	ISO50
	80.5
	97
	65
	77
	16
	25
	9
	9
	8
	8
	9
	
	

	
	
	
	
	
	
	
	
	
	
	

	Sample number
	Mean depths
	C26
	C27
	C28
	C29
	C30
	C31
	C32
	C33
	OEP
	C27/C33
	C29/C33
	(C27+C29)/(C31+C33)

	
	(cm)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	
	
	
	

	ISO42
	2.5
	31
	26
	25
	23
	14
	30
	11
	37
	1
	0.7
	0.6
	0.7

	ISO43
	15
	2
	7
	2
	16
	2
	20
	2
	38
	9
	0.2
	0.4
	0.4

	ISO44
	26.25
	4
	6
	3
	14
	2
	15
	2
	33
	6
	0.2
	0.4
	0.4

	ISO45
	33.75
	3
	10
	3
	23
	2
	19
	3
	24
	7
	0.4
	1.0
	0.8

	ISO46
	44
	4
	8
	5
	31
	4
	24
	2
	36
	7
	0.2
	0.9
	0.6

	ISO47
	53
	4
	8
	4
	34
	3
	22
	5
	39
	7
	0.2
	0.9
	0.7

	ISO48
	58
	2
	9
	3
	36
	4
	26
	3
	32
	9
	0.3
	1.1
	0.8

	ISO48
	58
	2
	9
	5
	37
	2
	30
	<LOQ
	29
	11
	0.3
	1.3
	0.8

	ISO49
	69.75
	0
	7
	4
	16
	4
	16
	<LOQ
	10
	6
	0.6
	1.6
	0.9

	ISO50
	80.5
	6
	5
	5
	14
	0
	13
	<LOQ
	<LOQ
	3
	no value
	no value
	1.4




	Table SI.4. Stanols and Δ5-Sterols
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sample number
	Mean depths
	Coprostanol (5β-cholestan-3β-ol)
	epi-Coprostanol (5β-cholestan-3α-ol)
	5β-Stigmastanol (5β-stigmastan-3β-ol)
	epi-5β-Stigmastanol (5β-stigmastan-3α-ol)
	Cholestanol  (5α-cholestan-3β-ol)
	Stigmastanol (5α-stigmastan-3β-ol)
	Cholesterol (Cholest-5-en-3β-ol)
	Stigmasterol (stigmasta-5,22-dien-3β-ol)
	β-Sitosterol (stigmast-5-en-3β-ol)
	(coprostanol+epi-coprostanol)/cholestanol
	(coprostanol+epi-coprostanol)/(5β-stigmastanol+epi-5β-stigmastanol)
	(5β-stigmastanol+epi-5β-stigmastanol)/stigmastanol

	
	(cm)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	
	
	

	ISO42
	2.5
	0.7
	0.5
	3.9
	1.2
	8.3
	37
	18.8
	73
	141
	0.1
	0.2
	0.1

	ISO43
	15
	0.1
	0.1
	1.6
	0.7
	6.2
	17
	11.9
	32
	51
	0.0
	0.1
	0.1

	ISO44
	26.25
	0.1
	0.4
	1.1
	0.5
	3.4
	17
	7.1
	34
	54
	0.2
	0.3
	0.1

	ISO45
	33.75
	0.2
	0.2
	1.4
	0.7
	4.5
	13
	6.7
	32
	50
	0.1
	0.2
	0.2

	ISO46
	44
	0.2
	0.3
	1.8
	1.1
	9.7
	17
	15.0
	36
	62
	0.1
	0.2
	0.2

	ISO47
	53
	1.4
	1.3
	3.7
	1.9
	8.0
	19
	10.0
	32
	56
	0.3
	0.5
	0.3

	ISO48
	58
	0.3
	0.4
	1.9
	1.1
	9.4
	18
	19.9
	47
	67
	0.1
	0.2
	0.2

	ISO48
	58
	0.3
	0.4
	1.9
	1.1
	9.5
	18
	19.2
	45
	69
	0.1
	0.2
	0.2

	ISO49
	69.75
	0.3
	0.5
	1.6
	1.3
	12.5
	19
	11.4
	35
	45
	0.1
	0.3
	0.1

	ISO50
	80.5
	0.5
	0.6
	1.5
	1.7
	9.4
	18
	16.5
	23
	44
	0.1
	0.3
	0.2







	Table SI.5. Bile Acids
	 
	 
	 
	 
	 
	 

	Sample number
	Mean depths
	Deoxycholic acid (DCA)
	Hyodeoxycholic acid 
	Lithocholic acid (LCA)
	Isolithocholic acid (ILCA)
	Betadeoxycholic acid (BDCA)
	Chenodeoxycholic acid (CDCA)

	
	(cm)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)
	(µg/gTOC)

	ISO42
	2.5
	9.1
	<LOD
	0.5
	0.3
	0.2
	0.7

	ISO43
	15
	8.2
	<LOD
	0.5
	0.3
	0.1
	0.8

	ISO44
	26.25
	5.2
	<LOD
	0.4
	0.2
	0.0
	0.7

	ISO45
	33.75
	5.4
	<LOD
	0.5
	0.5
	0.0
	1.0

	ISO46
	44
	7.4
	<LOD
	0.7
	0.6
	0.0
	0.9

	ISO47
	53
	6.9
	<LOD
	0.0
	0.9
	0.0
	0.8

	ISO48
	58
	8.4
	<LOD
	0.8
	0.6
	0.0
	1.2

	ISO48
	58
	8.6
	<LOD
	0.8
	0.8
	0.0
	1.2

	ISO49
	69.75
	9.0
	<LOD
	1.4
	1.2
	1.1
	1.3

	ISO50
	80.5
	13.8
	<LOD
	2.1
	3.0
	2.0
	1.7

	
	
	
	
	
	
	
	

	
	
	
	LOD = limit of detection
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