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Fracture description

In order to develop a conceptual model of the fracture systems and macropores at the

test field, fracture orientation at various depths and fracture position and frequency were

measured in the test pit for calculation of fracture parameters. The data are presented in

Figure A6.9 and A6.10 and the fracture systems described according to Klintand Grave-

sen (1999). The fracture analysis was supplemented by till fabric measurements in order

to clarify the stratigraphic relationships in the test pit. Down to about 2 m b.g.s., the

systematic fracture systems have been obscured by agricultural processes, bioturbation

and desiccation cracks. At 0.3 m b.g.s. there were an estimated 1900 biopores/m2.

Vertical and horizontal fractures are abundant in the clay till of the middle unit. In the

southwestern corner of the pit, however, vertical fractures are less common below the

upper unit and down to approx. 3 m b.g.s. (east-facing profile in Figure A6.9) compared
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Figure A6.11. Lihology, grain size distribution and CaCO3 and total organic carbon
(TOC) content in the test pit. Grain size fractions larger than 2.0 mm are not included in
the grain size analysis.
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to the remainder of the pit where the clay till is exposed. This is probably because the

upper unit is thickest in the southwestern corner of the pit and because the sand and

gravel in the unit has attenuated the formation of fractures by desiccation and freeze/

thaw processes into the underlying clay till. The largest vertical fractures intersect the

whole clay till, stopping at the boundary of the underlying sand till of the lower unit.

Table A6.3. Lithological descriptions from the test pit at Slaeggerup.
Depth

m b.g.s.

Description Unit

0.0–0.3 Topsoil, clayey, brown, numerous biopores, noncalcareous

0.3–0.65 Clay, sandy, weakly silty, locally thin silt lenses, abundant desiccation

fractures and biopores, small roots on fracture surfaces and in biopores,

yellow brown and brown, noncalcareous.

0.65–1.8 Sand, silt, clay and occasionally gravel, alternating beds, the sand is com-

monly cross-laminated whereas the clay and silt is horizontally laminated.

Small vertical and horizontal fractures are abundant in the clay and silt.

The clay has a light grey, white or light yellow colour whereas the silt and

sand is olive yellow in colour and strongly calcareous.

1.8–3.5 Clay till, sandy to strongly sandy, weakly silty, gravely, stones, lenses of

silt and sand are common, fractures, light yellow brown, calcareous.

3.5–4.7 Clay till, sandy to strongly sandy, weakly silty, gravely to strongly

gravely, stones, lenses of silt and sand are common, fractures, light brown

grey, calcareous.

4.7–5.4 Sand till, mainly fine, weakly gravely to gravely, few stones, light yellow

brown, calcareous.

It is possible to subdivide the fractures of the clay till into two fracture systems:

 System 1. These fractures consist of vertical/subvertical fractures that can be subdi-

vided into 1st and 2nd order fractures. The 1st order fractures extend from the lower

boundary of the clay till (approx. 4.7 m b.g.s.) and up to approx. 2 m b.g.s. The 2nd

order fractures are cut by the 1st order fractures or by horizontal fractures of system 2

fractures and consequently have a smaller extent than the 1st order fractures. The

system 1 fractures are mainly oriented N-S or NE-SW (Figure A6.9). They are at-

tributable to glaciotectonic forces in connection with an ice advance from the south-

east or west.

 System 2. These fractures consist of subhorizontal/horizontal fractures. In the lower

part of the clay till some of the fractures dip slightly towards east or south. The sys-

tem 2 fractures are attributed to a horizontal stress component of the ice advance that

formed the system 1 fractures.

Upper

Unit

Middle

Unit

Lower

Unit
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No fractures were recognized in the sand till of the lower unit.

Fracture geochemistry

Five depth-dependent types of coatings could be observed on the fracture surfaces in the

test pit. There was generally less precipitate on the fracture surfaces in the southwestern

corner of the pit, where the overlying upper unit is thickest, than on fracture surfaces

exposed elsewhere in the clay till.

I. 0–2 m b.g.s. The surfaces of the fractures are generally light grey in colour,

probably reflecting locally reduced conditions in an otherwise oxidized chemical

environment. The reduced conditions are probably caused by oxygen depletion

due to decomposition of organic matter.

II. 2–2.3 m b.g.s. The surfaces of the fractures are either slightly rust-coloured or

light yellow brown corresponding to the colour of the matrix.

III. 2.3–3.7 m b.g.s. The surfaces of the fractures are rust-coloured and commonly

have black areas due to manganese precipitation. The matrix has a light yel-

lowish brown colour down to around 3.5 m b.g.s., whereafter it gradually

changes into a light brownish grey colour indicating a downward change from

oxidized to suboxic conditions.

IV. 3.7–4 m b.g.s. Similar coating to the fractures as from 2.3–3.7 m b.g.s. except

that there is less manganese precipitate.

V. 4–4.7 m b.g.s. The surfaces of the fractures are mainly rust-coloured.

Clast fabric analysis

Two clast fabric analyses were performed on the clay till of the middle unit, 2.5 and 4.7

m b.g.s. A further analysis was performed on the sand till of the lower unit, 4.75 m

b.g.s. The clast fabric analysis of the clay till revealed an average clast fabric orientation

of 110° while that of the sand till was 145° (Figure A6.9), thus indicating that the tills

were formed by an ice advance from an easterly-southeasterly direction.

Field vane tests

Field vane tests were performed in the test pit at 25 cm intervals from top to bottom

(Figure A6.10). Down to a depth of 1 m b.g.s. the undisturbed shear strength (Cv) in-

creases from approx. 90 to approx. 290 kN/m2. At depths from 1 to 2.5 m b.g.s. the

shear strength is generally 250–280 kN/m2 while from 2.5 to 3.5 m b.g.s. it is 320–370

kN/m2 and from 3.5 to 5.25 m b.g.s. it is 160–250 kN/m2.
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Laboratory analysis

Grain size analysis

Grain size analysis has been carried out on 15 samples from the site (Table A6.4 and

Figure A6.11). The analyses show that the meltwater clay within the upper unit has a

clay content of 40–55% while that of the clay till of the middle unit is 13–26%. Two

grain size analyses of the sand till of the lower unit revealed a clay content of 12–16%,

Table A6.4. Texture analysis of sediment from the test pit and from selected wells.
Grain size in mm, %

Depth and

location

m b.g.s.

<0.002 0.002–

0.020

0.02–

0.63

0.63–

0.125

0.125–

0.200

0.20–

0.5

0.5–

2.0

Sediment

Test pit

1.0 55.1 33.0 1.9 7.4 1.9 0.5 0.2 Meltwater clay (upper

unit), oxidized

1.2 25.1 24.6 4.6 14.6 12.3 13.4 5.5 Clay till (middle unit),

oxidized

2.2 18.5 21.7 9.7 14.8 12.7 14.5 8.2 Clay till (middle unit),

oxidized

3.0 25.4 23.8 11.0 12.3 10.4 11.1 6.0 Clay till (middle unit),

oxidized

3.5 20.3 22.6 9.7 13.6 11.9 14.0 7.9 Clay till (middle unit),

suboxic

4.2 25.8 22.6 9.6 12.9 11.2 11.7 6.3 Clay till (middle unit),

reduced

4.8 16.3 17.5 9.2 19.6 14.1 16.5 6.8 Sand till (lower unit),

oxidized

Wells

P4(2.8) 13.4 14.4 9.0 20.6 17.3 16.8 8.4 Clay till (middle unit)

P4(10.0) 13.2 22.0 5.9 20.0 14.8 16.9 7.2 Clay till (lower unit)

P4(13.8) 18.2 24.6 14.4 16.1 10.2 10.6 5.9 Clay till (lower unit)

P2(4.5) 26.4 44.3 11.9 7.2 3.9 4.1 2.2 Clay till (middle unit)

P2(7.0) 13.1 14.5 13.1 24.5 14.5 15.0 5.3 Clay till (lower unit)

P1(7.1) 43.7 44.1 4.8 3.8 1.8 1.3 0.5 Meltwater clay (lower

unit)

P1(8.5) 11.6 13.5 12.0 22.8 16.5 17.4 6.2 Sand till (lower unit)

Ditch

0.7 41.1 44.7 11.3 2.6 0.1 0.1 0.1 Meltwater clay (upper

unit)

Data from GEUS Sediment Laboratory. Some of the fractions were determined by linear interpolation.
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although the latter value is not representative for the matrix of the sand till, as the sam-

ple was taken close to the upper boundary of the till where clasts and lenses of silt and

clay are abundant. The clay content of the clay till in the lower unit is 13–19% (Table

A6.4: P4 (10.0 m b.g.s.) and P4 (13.8 m b.g.s.)).

Figure A6.12. Fine gravel analysis from four levels in the test pit. n is the number of
grains counted.
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Clay mineral analysis

Two samples of the clay till of the middle unit collected 1.3 and 4.0 m b.g.s. reveal that

the clay fraction (<2 ←m) is dominated by smectite. Other minerals present are vermicu-

lite, illite, kaolinite and quartz.

Fine gravel analysis

Exotic stone counts were performed on four samples from the test pit. As shown in Fig-

ure A6.12, the content of sediment and Palaeozoic limestone grains is slightly lower in

the sand till of the lower unit (sample from 4.8 m b.g.s.) than in the clay till of the mid-

dle unit.

Total organic carbon (TOC) and CaCO3 content

The TOC and CaCO3 data are shown in Figure A6.11 and Table A6.5. The CaCO3 con-

tent of the clay till at Slaeggerup is 21–28% by weight, while that of the meltwater clay

is somewhat higher at 51%.

The TOC values from the test pit range from 0.06 to 0.21%, the highest values generally

occurring in the reduced zones of the sediments.

Porosity and permeability

Three samples were collected for determination of the hydrogeological characteristics of

the sediments. In the clay bed of the upper unit the porosity was 46% and the saturated

hydraulic conductivity was 7.3 x 10-7 m/s. These values are relatively high compared to

the porosity and saturated hydraulic conductivity of the underlying clay and sand till

(Table A6.6), probably due to the presence of horizontal sand lamina and fractures in

the clay. Analysis of two samples of the clay till of the middle unit revealed a porosity

of about 28% and a saturated hydraulic conductivity of 7.3 x 10-9 m/s and 3.9 x 10-8 m/s,

respectively. In the sand till of the lower unit the porosity was 26% and the saturated

hydraulic conductivity was 3.7 x 10-8 m/s. The samples were collected horizontally.
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Table A6.5. Sediment CaCO3 and total organic carbon (TOC) content in the test pit and

selected wells.
Locality Depth

m b.g.s.

TOC

%

CaCO3

%

Sediment

Test pit 1.0 0.21 51 Meltwater clay (upper unit)

Test pit 1.2 0.06 22 Clay till (middle unit)

Test pit 2.2 0.06 22 Clay till ( do.)

Test pit 3.0 0.21 24 Clay till ( do.)

Test pit 3.5 0.13 27 Clay till ( do.)

Test pit 4.2 0.17 28 Clay till ( do.)

Test pit 4.8 0.08 12 Sand till (lower unit)

P4 2.8 0.04 19 Clay till (middle unit)

P4 10.0 0.12 11 Clay till (lower unit)

P4 13.8 0.12 26 Clay till (lower unit)

P2 4.5 0.57 33 Clay till (middle unit)

P2 7.0 0.11 11 Clay till (lower unit)

P1 7.1 0.33 33 Meltwater clay (lower unit)

P1 8.5 0.13 7 Sand till (lower unit)

Ditch (close to P2). 0.7 0.17 29 Meltwater clay (upper unit)

Data from GEUS Sediment Laboratory.

Table A6.6. Special core analysis data from the test pit.
Plug no. Depth Plug type Liquid

permeability

Saturated hydraulic

conductivtiy

Porosity Grain

density

m b.g.s. mD 10-9 m/s cm3/cm3 g/cm3

1 1.0 2 75.543 729.7 0.46 2.680

2 1.5 2 0.754 7.290 0.29 2.703

3 4.25 2 4.035 38.98 0.28 2.672

4 4.75 2 3.851 37.20 0.26 2.667

Data from GEUS Core Laboratory.
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A6.4 Pedology

The pedological field work at Slaeggerup was carried out from September 27 to Sep-

tember 30 1999. Three soil profiles were excavated and described (Figure A6.5). Two

were located beside the suction cups and one beside the test pit. In the buffer zone, 20

soil cores were collected to a depth of 120 cm (Figure A6.5). Inside the field 47 soil

samples were collected from the topsoil (0–25 cm).

Profile description

The pedological descriptions of the three profiles are summarized in Tables A6.7, A6.8

and A6.9. The profile horizons are shown in Figure A6.13, while the laboratory data

(grain size, texture, organic matter, nutrients and major cations) are summarized in Ta-

bles A6.10 and A6.11.

In Table A6.12 the profiles are classified according to “A Pedological Soil Classifica-

tion System Based on Danish Soils” (Madsen and Jensen, 1985) and USDA Soil Tax-

onomy (Soil Survey Staff, 1999).

Table A6.12. Classification of the profiles.

Profile no Danish Soil Classification USDA Soil Taxonomy
1

(3095 North)

Because of the Bt horizon the profile is a

Lessive soil. Having no special charac-

teristics, it is a Typilessive. Because of

the Bv horizons on top of the Bt hori-

zons, the soil is a Brunjordstypilessive.

With a high base saturation throughout the

profile and a median content of organic

matter, the soil is a Mollisol. The suborder

is Udolls. Because there is an Argillic hori-

zon, the great group is Argiudolls. The soil

is a Typic Argiudolls a the great group

level.

2

(3097 East)

ditto. ditto.

3

(3096 South)

ditto. ditto.
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Table A6.7. Description of profile 1 (3095 Slaeggerup North).
Soil classification, DK Brunjordstypilessive Soil classification, USDA Typic Argiudoll

Parent material  Clay till Profile depth 260 cm

UTM  32U PG

Easting 698904

Northing 61743307

Drainage class Moderately

 well drained

Landform Hilly Moraine Groundwater level 400 cm

Map sheet 1113 IV SØ Vegetation Wheat stubble

Elevation 21 m DNN Maximum rooting 70 cm

Topography On the middle of

slope

Authors Søren Torp

Slope 1–3 Date of description 28.09.99

Profile description

Ap (0–27 cm)

Very dark greyish brown (10YR 3/2 f) clay, containing humus, a few small stones of

mixed form, type and condition, a few small roots, 1–10 pores per dm2, strong very

coarse angular structure, fast consistency, clear smooth boundary.

Bv (27–34 cm)

Brown (10YR 4/3 f) clay, humus poor, a few small stones of mixed form, type and

condition, some small roots, 1–10 pores per dm2, moderately coarse angular structure,

brittle consistency, continuous thin coatings of clay minerals and humus in root chan-

nels + aggregate peds, gradual wavy boundary.

Bvt (34–48 cm)

Yellowish brown (10YR 5/4 f) sandy clay, humus poor, a few small stones of mixed

form, type and condition, a few small soft rounded Fe and Mn oxide and hydroxide

nodules, some small roots, 1–10 pores per dm2, moderately coarse prismatic structure,

very brittle consistency, continuous thin coatings of clay minerals and humus in root

channels + aggregate peds, clear, wavy boundary.

Bv2 (48–62 cm)

Brown (10YR 4/3 f) clayey sand, humus poor, a few small stones of mixed form, type

and condition, frequent small roots, moderately thin angular structure, brittle consis-

tency, gradual smooth boundary.

2Cc (62–150 cm)

Light yellowish brown (10YR 6/4 f) clayey, silty sand with bands of silty clay, many

big clear very pale brown (10YR 8/2) horizontally striped spots, secondary spots of

light grey (5Y 7/2 f), horizontally striped gley character, humus poor, a few small

stones of mixed form, type and condition plus lumps of lime, a few small soft rounded

Fe oxide and hydroxide concretions, structureless, loose consistency, gradual, wavy

boundary.

3Cc(g) (150–260 cm)

Brown (10YR 5/3 f) clay, spots of grey (5Y 6/1 f) reducing environment, humus poor,

a few small stones of mixed form, type and condition plus lumps of lime, a few small

soft and hard rounded Fe oxide and hydroxide concretions, strong very coarse angular

structure, very brittle consistency.

Remarks Horizon 2C: Alternating layers of water-sedimented material, fine and sandy.
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Table A6.8. Description of profile 2 (3097 Slaeggerup East).
Soil classification, DK Brunjordstypilessive Soil classification, USDA Typic Argiudoll

Parent material Clay till Profile depth 260 cm

UTM 32U PG

Easting 698936

Northing

6,174,304,21

Drainage class Moderately well

drained

Landform Hilly moraine Groundwater level 400 cm

Map sheet 1513 IV SØ Vegetation Wheat stubble

Elevation 21 m DNN Maximum rooting 70 cm

Topography Undulating Authors Søren Torp

Slope 2–4 Date of description 28.09.99

Profile description

Ap (0–25 cm)

Very dark greyish brown (10YR 3/2 f) clay, containing humus, a few small stones of
varying shape and type especially unweathered, some small roots, 1–10 wormholes and
root channels per dm2, moderately coarse angular structure, brittle consistency, clear,
smooth boundary.
Bv1 (25–50 cm)

Very dark greyish brown (10YR 3/2 f) clay containing humus, a few small stones of
varying shape and type especially unweathered, a few small roots, 1–10 wormholes and
root channels per dm2, moderately coarse angular structure, loose consistency, mottled
thick coatings of clay minerals and humus in root channels + aggregate peds, gradual,
wavy boundary.
Bv2 (50–76 cm)

Light yellowish brown (2.5Y 6/4 f) clayey, silty sand with many vertical stripes of
medium clear spots of yellowish brown (10YR 5/6 f), humus poor, a few small stones of
varying shape and type, especially unweathered, some small roots, 1–10 wormholes and
root channels per dm2, very weak medium subangular structure, loose consistency, very
little spotted moderately thick coatings of clay minerals and humus in root channels,
gradual, smooth boundary.
Bt (76–101 cm)

Yellowish brown (10YR 5/4 f) sandy clay with many vertically striped big clear spots of
strong brown (7.5YR 5/6 f), humus poor, a few small stones of varying shape and type
especially unweathered, a few small soft irregular Fe and Mn oxide and hydroxide
nodules, a few small roots, 1–10 wormholes and root channels per dm2, moderately
coarse angular structure, brittle consistency, spotted moderately thick coatings of clay
minerals and humus in root channels and on aggregate peds, gradual, wavy boundary.
BC (101–140 cm)

Dark yellowish brown (10YR 4/6 f) clayey sand with many vertically striped big
marked clear spots of pale olive (5Y 6/3 f) and secondary spots of dark yellowish brown
(10YR 4/6 f), humus poor, a few small stones of varying shape and type, especially
unweathered, a few small soft irregular Fe and Mn oxide and hydroxide nodules, a few
small roots, moderately coarse subangular structure, loose consistency, clear smooth
boundary.
2Cc (140–155 cm)

Light yellowish brown (2.5Y 6/4 f) light clayey sand, humus poor, a few small stones of
varying shape and type especially unweathered, weak medium angular structure, loose
consistency.

Remarks The profile is characterized by dizzy lithology, i.e. disorder of shifting layers of sandy

pebbles and clay horizons.
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Table A6.9. Description of profile 3 (3096 Slaeggerup South).
Soil classification, DK Brunjordstypilessive Soil classification, USDA Typic Argiudoll

Parent material Clay till Profile depth 150 cm

UTM 32U PG

Easting 698909

Northing 6174136

Drainage class Well drained

Landform Hilly Moraine Groundwater level

Map sheet 1113 IV SØ Vegetation Wheat stubble

Elevation 24 m DNN Maximum rooting 80 cm

Topography Undulating Authors Søren Torp

Slope 0–1 Date of description  29.09.99

Profile description

Ap (0–25 cm)

Very dark greyish brown (10YR 3/2 f) clay, containing humus, a few small stones of

mixed form, type and condition, some small roots, 1–10 wormholes and root channels

per dm2, moderately coarse subangular structure, brittle consistency, abrupt smooth

boundary.

Bv (25–42 cm)

Brown (10YR 4/3 f) clay with many vertically striped medium clear spots of very dark

greyish brown (10YR 3/2 f) with clear boundary, humus poor, a few small stones of

mixed form, type and condition, some small roots, 1–10 wormholes and root channels

per dm2, weak medium subangular structure, very brittle consistency, mottled moder-

ately thick coatings of clay minerals and humus in root channels, gradual, smooth

boundary.

Bvt (42–78 cm)

Dark yellowish brown (10YR 4/4 f) sandy clay with many horizontally striped big clear

spots of strongly brown (7.5YR 4/6 f) and secondary spots of light olive brown (2.5Y

5/4 f), humus poor, a few small stones of mixed form, type and condition, some small

roots, 1–10 wormholes and root channels per dm2, weak thin subangular structure, very

brittle consistency, strongly discontinuous plate structure fragipan, mottled thin coatings

of clay minerals and humus in root channels and on aggregate peds, diffuse, smooth

boundary.

Cc (78–150 cm)

Pale yellow (2.5Y 8/2 f) clay with lots of vertical big clear spots of light olive brown

(2.5Y 5/4 f) and secondary spots of light grey (2.5Y 7/1 f), humus poor, a few small

stones of mixed form, type and condition + lumps of chalk, a few small soft and hard

rounded Fe oxide and hydroxide concretions, calcareous, mainly as lumps, strong, very

coarse plate structure, brittle consistency.

Remarks The Bvt horizon: Has a strongly discontinuous fragipan.

The C horizon: In the upper 15 cm there is a horizontal stripe of fine chalk bands. The

horizon has a secondary fine horizontal structure of 3–5 cm thick plates.
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Table A6.10 Soil texture analysis from the pedological profiles.
Pro.

no.

Hor.

no.

Horizon Depth

cm

Soil texture (mm) % CaCO3

%

OM1

%

<0.002 0.002–

0.02

0.02–

0.63

0.63–

0.125

0.125–

0.2

0.2–

0.5

0.5–2

1 1 Ap 10–20 20.1 19.9 12.6 17.8 13.0 11.2 3.0 – 2.4

1 2 Bv 28–38 18.7 16.3 12.3 24.2 19.6 6.0 2.2 – 0.7

1 3 Bvt 50–60 22.3 5.7 8.5 26.2 29.4 6.4 1.2 – 0.3

1 4 Bv2 53–63 12.7 4.3 3.9 7.7 9.1 32.3 29.7 – 0.3

1 5 2Cc 107–117 11.5 10.0 11.6 14.2 7.8 18.8 12.0 13.9 0.2

1 6 3Ccg 200–210 15.5 10.5 7.1 12.0 12.6 12.6 6.0 23.3 0.3

2 1 Ap 10–20 19.0 16.0 9.0 16.4 17.2 17.4 3.2 – 1.8

2 2 Bv1 28–38 18.0 19.0 10.0 15.8 19.2 13.2 3.4 – 1.4

2 3 Bv2 56–66 12.5 6.2 5.5 22.3 28.1 20.4 4.8 – 0.2

2 4 Bt 80–90 21.3 6.7 4.6 18.8 24.8 16.2 7.4 – 0.2

2 5 BC 105–115 11.1 2.4 4.0 24.4 25.1 27.4 5.4 – 0.2

2 6 2Cc 136–146 7.6 4.9 8.6 21.4 21.6 15.6 6.8 13.3 0.2

3 1 Ap 8–18 24.0 19.0 14.0 18.8 9.8 8.6 3.8 – 2

3 2 Bv 30–40 17.8 10.2 11.4 13.7 13.3 22.4 10.5 – 0.6

3 3 Bvt 53–63 25.3 6.7 8.0 17.0 17.4 17.4 7.8 – 0.4

3 4 Cc 112–123 15.4 9.6 7.3 13.6 11.2 13.4 5.2 24.2 0.2

1) OM: Organic matter. OM = 1.72 x TOC. Analysed by DIAS.

Table A6.11. Soil chemistry of samples from the pedological profiles.
Pro.

no.

Hor.

no.

Ntotal C/N Ptotal pH1 K Na Ca Mg Total

bases

H+ CEC Base

sat.

Fe

(Ox)

Al

(Ox)
% mg/kg cmol/kg % mg/kg

1 1 0.14 10 400 5.96 0.26 0.07 13.7 0.41 14.4 2.39 16.8 86 2482 1020

1 2 0.06 7 130 6.09 0.12 0.11 10.3 0.41 10.9 2.98 13.9 79 1262 814

1 3 0.04 4 101 7.07 0.2 0.13 12.3 0.79 13.4 2.63 16 84 704 932

1 4 0.04 4 263 6.96 0.1 0.17 7.55 0.48 8.3 4.4 12.7 65 1360 780

1 5 0.03 4 358 7.72 0.12 0.17 19.1 0.41 19.8 – 8.2 100 786 396

1 6 0.03 6 364 7.74 0.18 0.13 20 0.85 21.2 – 9.4 100 638 291

2 1 0.12 9 421 5.97 0.28 0.06 9.53 0.21 10.1 6.62 16.7 60 3388 966

2 2 0.09 9 237 5.74 0.09 0.06 8.43 0.16 8.74 4.26 13 67 2920 1026

2 3 0.03 4 118 6.63 0.08 0.07 5.73 0.35 6.23 6.87 13.1 48 872 528

2 4 0.03 4 140 7.35 0.16 0.1 18.7 0.91 19.9 – 15.5 100 724 646

2 5 0.03 4 209 6.45 0.12 0.05 6.85 0.51 7.53 5.57 13.1 57 1266 559

2 6 0.02 6 321 7.91 0.07 0.06 17.4 0.28 17.8 – 9.9 100 544 270

3 1 0.13 9 483 6.26 0.37 0.16 14.1 0.82 15.4 2.57 18 86 2888 910

3 2 0.05 7 347 6.41 0.13 0.09 8.32 0.29 8.83 7.27 16.1 55 2704 730

3 3 0.05 5 448 6.89 0.24 0.17 15.3 0.98 16.7 1.19 17.9 93 3784 531

3 4 0.02 6 429 7.88 0.12 0.15 20.2 0.51 21 – 9.1 100 742 386

1) pH determined in CaCl2 solution. Analysed by DIAS.



A6-30

+

+

Ap

Bv

Btg

2Cc

3Cc(g)

3Cg

BC

Bvt

Bv2

Profile 1 (3095 Slæggerup North)
0 100 200 280 cm

50

100

150
cm

200

250
cmAp

Bv1

Bv2

Bt

BC

2Cc

0 100 200 cm

50

100

150
cm

Profile 2 (3097 Slæggerup East)

Ap

Bv

Bvt

Cc

0 100 cm

50

100

150
cm

Profile 3 (3096 Slæggerup South)

Figure A6.13. Schematic drawings of profiles showing horizon distribution. Rectangu-
lar boxes indicate sampling points for soil texture and soil chemistry. Triangular boxes
indicate sampling points for hydrological analysis. White areas with + symbolise stones.
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Total carbon mapping

The total organic carbon content throughout the field ranges from 1.0 to 1.7% (dry

weight), with a mean of 1.37% �0.22%. The concentration is highest in the southwest-

ern and eastern part of the field and lowest in the northern part of the field (Figure

A6.14).

Pedological development

In the plough layer of the three profiles the clay content is 20–24% while the other parti-

cle classes are more or less evenly distributed. The total organic carbon content ranges

from 1.0 to 1.7%.

Beneath the plough layer there are horizons eluviated in clay, the Bv from 27–34 cm

(Profile 1, Slaeggerup North) and 50–76 cm (Profile 2, Slaeggerup East). The degree of

eluviation is moderate, and thin to moderate clay coatings are observed in the underlying

horizons. The laboratory analysis reveals a difference in clay content of approx. 2–7%

compared with the overlying horizon.

The soils in the area all include a clay-enriched illuvial Bt horizon containing 21–25%

clay. This horizon lies in a depth of 40 to 80 cm. Clay skins on peds were found in all

three profiles. A temporary water table seems to develop during moist periods in some

of the area since pseudogley was found in nine of the soil cores as well as in soil profiles

1 and 3. Because the pseudogley is attributable to texture and structure in the soil here,

there is no connection to topography.

From the phosphorus content it can be seen that the soil has been used for agricultural

purposes, probably for decades. The base saturation in the profiles ranges from 49 to

93% where the soil is lime-free, and increases with increasing depth. The pH generally

increases down through the profiles from approx. 6 in the topsoil to 7 just above the

chalk border. In the chalk zone, pH is around 7.7.
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Figure A6.14. Map showing total organic carbon TOC content within the test field.
Sampling points are indicated by ❤.
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The texture distribution found at Slaeggerup is typical for a clayey, moderately eluviated

east Danish moraine till. In the two profiles to the north, the texture changes because of

a change in lithology from till to fluvial deposits. Profile 1 (Slaeggerup North) is unique

with different parent materials and following discontinued horizons.

Table A6.13. Soil water characteristics determined on small soil cores, pF = log10(-h).

Profile

no.

Horizon Depth

cm

Water content at pF values

cm3/cm3

Bulk

density

g/cm3

Porosity1

cm3/cm3

1.0 1.2 1.7 2.0 2.2 3.0 4.2

1 (3095) Ap 15 0.34 0.34 0.33 0.32 0.3 0.27 0.13 1.64 0.38

Bv/Bvt 40 0.33 0.33 0.31 0.27 0.25 0.19 0.10 1.71 0.35

3Cc(g) 210 0.27 0.27 0.27 0.26 0.25 0.24 0.12 2.01 0.24

2 (3097) Ap 15 0.35 0.35 0.33 0.32 0.32 0.27 0.11 1.67 0.37

Bv1 40 0.32 0.32 0.28 0.26 0.25 0.20 0.10 1.70 0.36

BC 120 0.37 0.37 0.33 0.28 0.27 0.20 0.06 1.70 0.36

3 (3096) Ap 15 0.38 0.37 0.37 0.36 0.36 0.31 0.14 1.68 0.37

Bv 40 0.39 0.39 0.37 0.36 0.35 0.30 0.09 1.60 0.39

C – 2) 2) 2) 2) 2) 2) 2) 2) 2)

1) Assuming a particle density of 2.65 g/cm3.

2) Sampling not possible.
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Figure A6.15. A) Retention curve based on values for the soil-water potential deter-
mined on the small soil core samples (100 cm3). The data are the mean values from both
profiles. B) The unsaturated hydraulic conductivity (Kunsat) as a function of soilwater
potential in cm H2O and the saturated hydraulic conductivity (Ks) determined on the
large soil cores (6,280 cm3).
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Figure A6.15. A) Retention curve based on values for the soil-water potential deter-
mined on the small soil core samples (100 cm3). The data are the mean values from all
three profiles. B) The unsaturated hydraulic conductivity (Kunsat) as a function of soil
water potential in cm H2O and the saturated hydraulic conductivity (Ks) determined on
the large soil cores (6,280 cm3).
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diameter, ←m). A cubic spline interpolation procedure is used to yield discrete interpo-
late values on the sum curve obtained from the water retention curves. Abscissa:
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hydraulic conductivity (Ks) measured on large (6,280 cm3) samples (  ) and small (100
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Soil hydrology

Soil cores (100 cm3 and 6,280 cm3) for the measurement of hydrological properties (soil

water characteristics and hydraulic conductivity) were sampled at three levels corre-

sponding to the A, B, and C horizon.

The soil water characteristics of the nine small cores (100 cm3) from each horizon are

shown together with bulk density and porosity in Table A6.13 and in Figure A6.15. The

soil in the A and B horizons gradually decreases in water content as a function of the

relatively uniform pore size distribution, which is typical for a clayey/loamy soil. The C

horizon has a high water-holding capacity until pF 3 (-1,000 cm H2O).

The majority of the pores are about 0.7 µm (tube-equivalent diameter). The B horizons

and the C horizons exhibit marked bimodal pore size distribution with a second peak at

about 50 µm. The percentage of pores >300 µm is particularly low in the C horizon,

thus reflecting the high water-holding capacity of the horizon (Figure A6.16).

The saturated and unsaturated hydraulic conductivity data for the large cores (6,280

cm3) are shown in Figure A6.15. Unsaturated conductivity was low in all three horizons

and highly variable, especially in the B and C horizons. Due to the high inter-

measurement variability and lack of data, it is difficult to establish a unique relationship

between soil water potential (h) and hydraulic conductivity (k) in the C horizon. The

marked difference between near-saturated hydraulic conductivity and saturated hydrau-

lic conductivity indicates a high degree of preferential flow through macropores when

the soil is fully saturated.

The measurements of saturated hydraulic conductivity and air permeability made using

small (100 cm3) or large (6,280 cm3) soil samples differed markedly (Figure A6.17).

This difference is probably related to the structure of the soil leading to a high depend-

ence on sample size. With the large soil samples, infiltration takes place through a much

larger soil area than is the case with the small soil samples and a greater number of mac-

ropores and other soil heterogeneities are therefore included.

A6.5 Geophysical mapping

Since destructive mapping methods are not accepted in the test field, it was decided to

use EM-38, CM-031 and ground-penetrating radar.
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The EM-38 map shown in Figure A6.18A reveals that the relative resistivity at the site

measured in the upper meter ranges from 36 to 100 τ m. In map A6.18B (the shallow

CM 031 map), a distinct area of high resistivity, i.e. 100–160 τ m, is observed from the

northern corner to the southern corner. This anomaly can actually be seen in all
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Figure A6.18. Resistivity maps of the area. Map D shows the relative difference be-
tween map B and C and provides an idea about the homogeneity of the electrical prop-
erties to a depth of approx. 6 m b.g.s.
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three maps (A6.18A, B and C). The areas of high resistivity probably indicate meltwater

gravel and sand of the upper unit occurring near the surface.

Another anomaly is seen close to and parallel to the well path of the horizontal well H2.

This is less pronounced with relatively low resistivity (Figure A6.18B and C). This

anomaly provides a good explanation for the upward transport of drilling fluid described

above when interpreted as a sand or gravel bed.

Figure A6.18D shows the relative difference between the two CM-031 maps. It must be

read with caution since Slaeggerup is basically a three-layer model whereas the map in

question interprets the data as a two-layer model. Nevertheless, it does highlight some of

the areas where differences in the resistivity occurs with increasing depth.

Ground-penetrating radar (GPR)

The ground-penetrating radar mapping was carried out along a 20 x 20 m grid. The

penetration depth is generally 2–3 m b.g.s. Several of the GPR cross sections are char-

acterized by continuos horizontal reflections indicating a homogeneous clayey sediment.

With the remaining cross sections the reflection pattern is more uneven, indicating a

higher content of sand and gravel. Reflectors are also present, indicating cross-bedding

or basin structures. On some of the GPR cross sections the boundary between the clay

till of the middle unit and the overlying meltwater gravel and sand of the upper unit is

apparent as a very distinct erosive surface (Figure A6.19).

Figure A6.19. Ground-penetrating radar profile from the northern border of the test

field.
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Appendix A6.1. Cultivation and pesticide appli-

cation history at Slaeggerup.

Year Crop Date Pesticide brand Dose per ha

1996 Winter wheat 09.10.95 Stomp SC 1.09 l

09.10.95 DLG IPU 1.09 l

22.05.95 Corbel 0.32 l

22.05.95 Manganese sulphate 1.07 kg

22.05.95 CCC extra 0.43 l

05.06.96 Tilt Top 0.35 l

05.06.96 Manganese sulphate 1.00 kg

28.06.96 Tilt Top 0.35 l

28.06.96 Pirimor G 0.10 kg

1997 Winter wheat 10.06.96 Stomp SC 1.0 l

10.06.96 DLG IPU 1.0 l

12.05.97 Corbel 0.2 l

12.05.97 Manganese chelate 1.00 l

12.05.97 Herbanix MPD 400 1.00 l

12.05.97 Express 0.0019

22.05.97 Puma Super 1.00 l

22.05.97 Isobette 0.25 l

28.05.97 Tilt Top 0.15 l

28.05.97 Manganese chelate 1.00 l

28.05.97 Express 0.0038 kg

28.05.97 Oxitril 0.5 l

09.06.97 Express 0.0019 kg

09.06.97 Tilt Top 0.2 l

09.06.97 Manganese sulphate 1.5 kg

02.07.97 Tilt Top 0.3 l

1998 Field peas 09.05.98 Decis (eastern part) 0.25 l

Field divided 09.05.98 Stomp SC (eastern part) 0.75 l

through experimental

area W 45% E 55%

09.05.98 Basagran 480 (eastern part) 0.5 l

13.05.98 Stomp SC (eastern part) 0.75 l

13.05.98 Basagran 480 (eastern part) 0.5 l

18.05.98 Fervin 0.75 l

08.07.98 DLG Maneb Fl 1.2 l

08.07.98 Pirimor G 0.15 l
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Year Crop Date Pesticide brand Dose per ha

1998 Spring rape 24.04.98 Roundup (western part) 1.8 l

1999 Winter wheat 24.10.98 Stomp SC 1.0 l

24.10.98 DLG IPU 1.0 l

05.05.99 Puma Super 3.0 l

05.05.99 Isobette 0.2 l

18.05.99 Mentor 0.2 l

18.05.99 Express 0.0038 kg

18.05.99 Mantrac 500 0.5 l

18.05.99 Starane 180 0.05 l

14.06.99 Mavrik 2F 0.05 l

14.06.99 Amistar 0.4 l

14.06.99 Corbel 0.05 l
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