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photo 11 
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photo 9 
Parallel hedded series. Ruchmiihle road 
exposure. Fig. I, loe. 8 (cf. plate IT and 
fig. 18). 
photo 10 
Ripple mark horizon. Sackau. Fig. i, 
loe. 8. 
photo II 
Ripple mark features. Detail of photo 
10. Sackau. Fig. I, loco 8. 



been plotted, together with the orientation of the 
ripple marks in the troughs, both in relation to the 
depositional current, derived from orientation of 
long axes of pebbles. In a great many of the studied 
giant ripples, gravel is interbedded in the structure. 
The erosional forces scouring the troughs in front 
of the ripple wash out all material finer than 
gravel, leaving a pebble layer covering the bottom 
of the trough (lag gravel). It is evident from fig. 11 
that the prevailing orientation of the long axes of 
the troughs is parallel to the depositional current, 
whereas the cr,ests of the superimposed ripple marks 
run at right angles with this current. 

After the current has scoured the bottom in 
front of a ripple with o~ without forming ellipsoidal 
troughs, sedimentation starts again with deposition 
of silty material embedding the lag gravel. With 
increasing current velocity coarser material is sup­
plied and the ripple body wanders downstream with 
bottom- and fore-set beds until the next break in 
the sedimentation. This process causes an inclined, 
laminated structure. Lamination is due to 'an alter­
nating deposition of coarse and medium sand, 
dependant on fluctuations in current velocities 
and/or water-depths. The troughs are filled by these 
deposits, which give them in sections perpendicular 
to the depositional CUrJ:1ent the normal features of a 
scour 'and fill structure, with a concave bottom and 
a flat top. 

In one exposure at the Schwarzwasser (fig. 1 
location 6) the more or less parallel bedded de­
posits belonging to the bottom-sets of giant ripples 
were disturbed by mud slumps. Here clay layers of 
some 10 to 20 ems were deposited in the bottom-set 
area. A dip of one degree or even less was then 
sufficient for this soft material to slide downslope 
over a few centimetres and produce rumpled clay 
balls. 

Until so far nothing has been said about the dip 
of the stoss side and about the wave length of the 
ripples. If the dip of the stoss side is known, the 
wave length can easily be calculated from the ripple 
amplitude. However, top-set beds which could help 
estimating the angle of dip of the stoss side, 'are not 
present. 

Studies on recent ripples of this kind, where the 
upstream dip could be measured, inform us that 
these dips seldom exceed 7°. If this also applies to 
the ripples with fore-set dips of 37° and amplitudes 
of 6 metres, as described in this chapter, then the 
minimum wave length of these ripples can be 
estimated as 57 metres. 

The structural pattern of the troughs has a great 
resembl'ance with that of the ripples described by 
Niehoff (1958) for the Koblenz quartzites. He con­
siders his so-called "spoon forms" (Loffelformen) 
as fore-sets of giant ripples. In our opinion it is 
very likely that they are the same tl"Oughs as des­
cribed in this chapter, thus the transitions of fore­
sets of giant ripples in the bottom-set area. 

The picture given by Niehoff shows that he 
considers the structures as Festoon-cross-bedding 
(Frazier and Osanik, 1961; Wurster, 1958). 

Most likely Niehoff missed the complete picture 
of the giant ripple pattern because in the Koblenz 
area only few complete ripples are preserved and 
horizontal sections through the ripple body seem 
not to be observed. 

§ 5. Textural and structural properties 
In fig. 12 a graphic representation is given of 

the structural and textural properties of a giant 
ripple. A suitable exposure for making this graph 
was found at the eastern bank of the Sense (fig. 1, 
location 7, photo 6). The graph includes all field 
observations in a vertical section through the lower 
fore-set and bottom-set parts of giant ripples. 

The mode of representation initiated by Doeglas 
(1959) is the same as developed by Bouma (1962); 
see also Bouma and Nota (1961). At the moment 
the method is used for a program, that deals with 
the representation of sediments in various known 
environments, by the department of Sedimentology 
of the State University of Utrecht. Some improve­
ments were made. For instance: The use of the 
symbols has been reduced and as far as possible 
been replaced by words, to make the graphs more 
readable. However, this replacement of symbols by 
words, could not be carried out consistently, be­
cause otherwise the advantage of having the charac­
teristics of 'a deposit at a glance, would be lost. 
It seems best to describe the structural and textural 
properties of this giant ripple deposit with the help 
of the graph. Symbols and use of the graph will be 
explained at the same time. 

1st column: thickness. 
A vertical section of 200 em. through a giant 
ripple has been surveyed in the lower fore-set 
and bottom-set region (photo 6). 

2nd column: stratigraphy. 
The deposit belongs to the Burdigalian, the 
lower part of the Miocene. 

3rd column: rock type. 
In this graph only two rock types occur; sand­
stone, the most abundant type, and siltstone. 

4th column: bedding plane properties. 
This column is divided into two subcolumns. 
Under "Type", the sharpness of contact between 
two layers is given, together with the dip of the 
layers, as observed in section. In this case, as the 
profile runs 'approximately N - S, N corresponds 
to the left hand side, S to the right hand side of 
the column. The contacts in this graph are rather 
sharp (---) to sharp (_._). (In general one 
may say, the nearer the boundary line gets to a 
full-drawn line, the sharper the contact.) 
In the second subcolumn "Structures", the pro­
perties observed on the bedding plane are 
plotted. In this case only current ripple marks 
could be observed. 
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5th column: current directions. 
As not enough of the bedding planes was ex­
posed, current directions could not be deduced 
from the observed current ripples. 

6th column: layer properties. 
This column is divided into two subcolumns, 
"Bedding or lamination" and "Specifications". 
The first subcolumn gives the layer properties 
and their vertical distribution in general. The 
observed properties 'are plotted under the differ­
ent heads with vertical lines; their lengths cor­
responding to the traject over whicb each 
property occurs, their thickness corresponding 
to the clearness and/or abundancy of each 
property. 
Under "Wedge shaped", one observes two ver· 
tical lines; one in the left hand side and one in 
the middle of the column. The line in the left 
hand side means that the deposit as a whole is 
wedge shaped, the line in the middle indicates 
that the different layers are wedge shaped. 
The second subcolumn gives if necessary or 
possible a specification of the observed proper­
ties. In this case the mega ripple is further 
defined as having a visible height of more than 
100 em. The ripple marks have been identified 
as current ripple marks. 

7th column: lithology. 
This column is divided into three subcolumns, 
"Texture", "Carbonates" and "Supplementary 
data". The first, "Texture", gives the grain size 
of the various layers. As can be seen in the graph 
the giant ripple is built of coarse sandstone 
layers alternating with siltstone layers (cf. chap­
ter I, § 4 A). 
As the deposit is scattered with coarse gravel, 
this is indicated with a separate line in the 
column of coarse gravel. 
The second subcolumn gives the carbonate con­
tent. The carbonate content is roughly estimated 
with the help of a 10 % HCl solution. In the 
present case this method gave some 10 % for the 
whole section. 
Grain size and carbonate content have been 
checked in the laboratory. The grain size analyses 
were plotted on arithmetic propability paper. 
The results divided over the size groups, coarse 
s'and, medium sand, fine sand, silt and clay are 
listed below (cf. chapter 1, § 4 A) . 

F or the sandstone: 
(without gravel) 

39 % coarse sand (2000·500 microns) 
48 % medium sand ( 500 - 200 microns) 

9 % fine sand ( 200 - 50 microns) 
4 % silt ( 50 - 10 microns) 

For the stilstone: 
10 % medium sand (500 - 200 microns) 
40 % fine sand (200 - 50 microns) 
42 % silt ( 50· 10 microns) 

8 % clay ( < 10 microns) 

As can easily be recognized from the column 
texture, a great deal of the sandstone layers show 
positive and negative grading together with la­
mination and/or thin bedding. For such com­
bined features Mac Gillavry iJ:itroduced the term 
"laminated grading" (personal communication). 
Per lamina the grain size starts with mlidiUl;n 
sand at the base, increases up to coarse sand and 
decreases again to medium sand. 
The carbonate content, measured by the Scheibler 
apparatus gave 13 % CaCOs for the saudstone, 
and 17 % CaCOs for the siltstone. 
The last subcolumn is used for the plotting of 
other lithological characteristics, which cannot 
be shown under "Texture" or "Carbonates". In 
this case plant remains and mica; both restricted 
to the siltstone layers. 

8th column: fossils. 
Ap'art from washed-in plant debris, as plaJt 
stems, peat, silicified wood and some question­
able wormtracks, the whole Burdigalian series 
in the area is sterile. The condition of the plant 
remains was such, that they could not be deter­
mined. 

9th column: induration. 
In this column both the hardness and the com­
position of the cement are plotted. The cement 
is CaCOs, which is shown by obliqne hatching. 
The sandstone layers have a hardness 2 (grains 
can be detached with the fingernail), the silt ­
stone layers have a hardness 3 (grains can be 
detached with a knife). The greater hardness of 
the siltstones corresponds to a higher carbonate 
content as was found in the l'aboratory. 

10th column: colour. 
The colour of the fresh rock is given according to 
the letter-cipher code of the Munsell Rock Color 
Chart. Over the length of the column a sub­
division has been made to distinguish the coarser 
from the finer material. The sandstone has code 
5 y 6/2 (yellowish gray to light olive gray), the 
siltstone shows a darker hue: 5 y 5/2 - 5 y 6/2 
(light olive gray). 

lIth column: number of layer. 
For possible references from text to graph, each 
layer has its own number. This also facilitates 
to distinguish the different layers in the field. 

12th column: units. 
This column is used for the combination of 
different layers into distinguished units. These 
units may be; cycles, sequences or other depo­
sitional types. In this case a unit consists of two 
layers: one siltstone layer at the base and one 
sandstone layer at the top. Reasons for this 
grouping are given in the next paragraph. 

Note:	 A unit as used in the graph does riot correspond to 
a giant ripple unit (cE. § 4). 
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Fig.13 Textural and structural properties of giant ripples 

§ 6. Analysis of the character of deposition 
A striking feature of the giant ripples is the 

uniformity of the units. This suggests a periodicity 
in the deposition, of which the character may be 
detected by close observation of the textural and 
structural properties of each unit. This will be done 
at the hand of fig. 13. Point hy point the character­
istics of the units are descrihed and short remarks 
are made referring to current velocities and deposi.
 
tion.
 
1°. The houndary lines hetween successive units are
 

of an erosive character, especially in the lower 
fore-set and hottom-set region where the earlier 
mentioned troughs occur. The scour at the hase 
of the ripple unit in underlying deposits is 
evident. High current velocity and no deposition. 

2°. The pehhles which are scattered through the 
whole ripple hody, are very often concentrated 
in the troughs. They are a residual deposit after 
erosion (lag gravel) and are emhedded in silt 
and fine s'and, whereas little or no medium nor 
coarse sand is present. This means a sudden 
lowering of the current velocity and the he­
ginning of renewed deposition and ripple wan· 
dering. 

3°. Mostly a current ripple pattern is superimposed 
on the giant ripple, also in the region of the 
ellipsoidal troughs, restricted to the siltstone. 

4 0 
•	 The troughs are filled with sediment, therehy 
smoothing the surface, disturbed by the scour 

of the ripple base. Deposition of medium and 
co'arse sand and some pebbles. 

50. The grain size distribution per bed, as is in­
dicated in the inset of fig. 13, is from bottom to 
top as follows (cf. fig. 12): 
At the base a few centimetres silt and fine sand. 
(In a few exposures reaching a thickness of 
some 10 to 20 cen~metres). 

The grain size increases gradually upward into 
fine, medium and coarse sand, 'and decreases 
again to medium sand in the upper part of the 
unit. Positive and negative grading reflecting to 
an increase and decrease of the current velocity. 

6°. The sandstone is laminated and/or thin bedded. 
Fluctuations in the current velocity. 

7°. The inclination of the fore-sets is towards the 
deeper part of the Molasse basin. Current direc· 
tion towards the sea. 

In fig. 14 a curve is given based on the current 
velocities derived from the grain size distributions 
of a giant ripple unit (after Hjullstrom, 1939). On 
the vertical axis the current velocities are plotted 
on a logarithmic scale. The horizontal or time 'axis 
is not drawn on scale, because no data are available 
to estimate the time necessary for the deposition of a 
bed ofa certain thickness. The factor time is varying 
of course with grain size and supply. Therefore the 
curve has only a schematic trend; some parts of the 
diagram may have to be compressed, others may 
have to be stretched in horizontal sense. 
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The mean current velocities are represented by 
a thick line, whereas the thin line gives 'a more 
realistic picture of smaller current variations which 
are implicated by the lamination and thin bedding. 

The' peak of maximum velocity was responsible 
for the scour of the trough and the washing out of 
all material finer than gravel. A sudden decrease in 
the current velocity prevented the deposition of 
medium and coarse sand in the troughs and caused 
the deposition of silt and fine sand: The lag gravel 
is bedded in silt and fine sand onlv. 

The current velocities causing silt and fine sand 
deposition were favourable for the formation of 
ripple m'arks. 

An increase in the current velocity supplied more 
and coarser material, fine, medium and coarse sand 
and some pebbles. The bulk of the unit was formed 
with fore- and bottom-set beds (cf. § 2). 

A further increase in the current velocity ended 
this sedimentation cycle, a new trough was formed 
and a new cycle began. 

The most likely causes for the suspected periodi­
city are tides or seasons. 

In our opinion the character of the variations in 
the current velocity is more likely relevant to sea­
sonal changes, causing variations in the quantity of 
water p'assing through a river, than to hourly varia­
tions in the discharge of a tidal channel. Moreover 
many authors point to the limited extent of the 
Molasse basin, with no or only small entrances to 
ocean basins, which makes it unlikely that tidal 

influences would be of importance. The question, 
whether the high current velocities due to wet 
se'asons, occurred once (monsoon) or twice a year 
cannot be answered. Our knowledge about the 
paleoclimate is not sufficient to permit such an 
answer (cf. chapter I, § 2 C). 

A discussion on the position of the giant ripples 
in respect of the other sedimentary structures in 
the area and a discussion on the environnlent In 
which they occur is given in chapter V. 

To get an impression about the 'amount of sedi­
ment deposited during the formation of one giant 
ripple unit, we made a few calculations. 

The area of one ripple unit as observed in a 
vertical section parallel to the current direction is 
at least 25 m 2 • Horizontal, perpendicular to the 
current of deposition, the ripple layers have an 
extension of at least 750 m. Per unit thus 750 X 25 
= 18,750 m 3 of sediment was deposited. 

Units of overlying layers may have been formed 
in the same time interval (cf. fig. 8b), so the total 
discharge of sediments may be multiplied by 2 or 
even 3 (pl'ate I shows two giant ripple layers over­
lying each other). A total of some 50,000 or even a 
100,000 m 3 per year is not abnormal for sedimenta­
tion areas fed by rivers: The annual discharge of 
the Kander in lake Thun amounts to 373,427 m 3 of 
sediment. Every year the river Reuss adds some 
150,000 m 3 of material to its delta in take Luzern 
(Collet, 1925). 
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CHAPTER III.
 
THE RUCHMUHLE QUARRY STRUCTURES
 

In a quarry near Ruchmiihle (fig. 1, location 4) 
a N - S profile is exposed at the old entrance of the 
qu~rry (fig. 15 and photos 7 and 8). In a vertical 
sense the profile shows several layers in which two 
structural types call be distinguished. 
10. Mega Haser stnlcture, layers A, C and H. 
2°. Giant ripples differing in many aspects from 

those described in chapter II, layers E and G. 
Different structural properties are revealed in 

layers B, D and F. Layers D and F and perhaps also 
layer B may be seen as downstream transitions of 
giant ripples (type 2, cf. § 2). 

The geometry of both mega flaser structure and 
giant ripples is described in § 1 and § 2 respectively. 
The genesis of the structures is discussed in § 3. 

§ 1. Mega flaser structure 
"Flaser" structure and also "lens" structure are 

patchy, lenticular hedded deposits of alternating 
coarser 'and finer material. Inclined bedding, most 
distinct in the coarser material reveals the character 
of ripple structures. If lenses of finer material are 
embedded in coarser material one speaks of flaser 
structure (fig. 15, layers A, C and H 'and photo 7), 
in the other case when lenses of coarser material 
are embedded in finer material one speaks of lens 
structure (Reineck, 1960). 

Hantzschel (1936), van Straaten (1954) and 
Reineck (1958) describe the occurrence of these 
structures in recent sediments from the tidal flats 
and within the shallow marine range of the North 
Sea. Niehoff (1958) among others, describes the 
occurrence in ancient sediments. A discussion on 
their origin is given by the Reineck (1960). 

The origin of flaser structure and lens stnlcture 
is due to alternating rapid and slow water move­
ments with their respective deposition of coarser 
and finer material. The water movement may be 
current action or wave motion *. 

During a certain period, under influence of cur­
rents and/or waves coarse material, e.g., sand, is 
deposited as ripples with their inclined bedding. 
After some time the water moves more slowly or 
becomes almost stagnant; now fine material, e.g. 
silt or clay, is deposited and covers the underlying 
ripples. Again the water movement becomes rapid; 
the underlyinng deposits may be partly eroded and 
a new layer of sandy material with inclined bedding 
is deposited. Thus the alternately rapid and slow 
water movement gives rise to a typical patchy 
deposit. 

* Waves propagating against a shore become asymmetric, 
if the water depth becomes less than half the wave length. 
Ripples formed under influence of such asymmetric waves, so 
called "half stationary wave ripples" (Reineck, 1961; Zenko· 
vitch, 1962) show similar characteristics as current ripples. 

Both flaser 'and lens structures are abundant in 
basins with tidal influences (Reineck, 1960, 1961; 
van Straaten, 1954). The tidal currents transport 
debris as sand ripples, whereas during slack water, 
clay and silt is deposited. The inclination of the 
fore-sets is unidirectional when the deposit is form­
ed under influence of one tidal movement only (ebb 
or flood). When both ebb and flood currents have 
their influence on the deposit, the dip of the fore­
sets in a vertical profile shows two opposing direc­
tions. 

Apart from tidal environments, there are other 
regions where flaser and lens structures may occur, 
if only the factors controlling the genesis of the 
structures are present. The structures are known 
also in lakes, in shallow marine basins without tidal 
influences and in rivers (Reineck, 1960). The action 
of variable winds on waves, differences in river dis­
charge caused by seasonal variations in downpour, 
shifting of currents and the like m'ay provide the 
necessary factors for formation. 

The descrptions given by the various authors for 
lens and flaser structures are restricted to ripple 
structures of ripple mark proportions, As the dimen­
sions of the stuctures in the quarry Ruchmiihle 
belong to mega ripples (0.2 it 0.3 m < ;\ < 3 it 4 m 
cf. chapter II, § 3), the name "mega flaser struc­
ture" is suggested for these deposits. 

In fig. 15 layers A, C and H show mega flaser 
structure. Part of layers A, Band C approximately 
230- 340 cm from the left hand side of fig. 15 is 
represented in photo 7. Layer A is not complete in 
the profile because quarrying undermined the sec­
tion in this spot and the lower part of layer A 
collapsed into the quarry. This part in connection 
with underlying deposits could be observed else­
where in the quarry. 

Special attention is drawn to some character­
istics of the mega flaser layers of fig. 15. 

First of all it should be mentioned that the 
greater p'art of the ripple fore-sets is dipping to the 
S, though opposing dips occur too. 

Secondly, layer H lies unconformable upon layer 
G. 

The same goes for layer A. The boundary be­
tween A and the underlying parallel bedded quarry 
stone is formed by a pebble horizon with a thick­
nes of only one pebble. This horizon is the erosion 
rest (lag gravel) of a set of giant ripples 'and is the 
continuation of giant ripple bases with their 
troughs, exposed on the ceiling of the quarry (cr. 
chapter II, § 4 and photos 4 and 5). The pebble 
horizon has been traced over a distance of 200 m, 
perpendicular to the mean orientation of the long­
est axes of the pebbles. The orientation diagrams 
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a 

Fig. 16 Orientotion dioQrams of long axes of pebbles. 

Bose Ie....eI of section A. RuchmUhle quarry (c.f. fig.15) 

plotted in fig. 16a and b were estimated at two 
localities lying some 100 m apart. The pebble 
horizon is situated 3 m underneath the base of 
layer D. 

The grain size analyses of samples of layer C 
give the following results: (sieve-pipette) 

The coarser material 
36 % coarse sand 2000·500 microns 
46 % medium sand 500 - 200 microns 
14 % fine sand 200 - 50 microns 

4 % silt 50 - 10 microns 

The finer material 
3 % coarse sand 2000 . 500 microns 
8 % medium sand 500 . 200 microns 

70 % fine sand 200 - 50 microns 
14 % silt 50 - 10 microns 

oS % clay < 10 microns 

The size frequency distributions point to fluvi­
atile origin (cf. chapter I, § 4). 

Mention should also be made of the dips of the 
boundary of layers A and C, of the upper boundary 
of layer H, or layer B and of a great many of the 
flaser streaks in layers A, the lower part of C and 
H. These dips are all strikingly parallel, at an angle 
of some 4° or 5° with the subhorizontal boundaries 
of layers C and D, of layers D and F (p.p.), of 
layers G and H and also with the mentioned pebble 
horizon. 

b 

§ 2. Giant ripple.~ 

In layers E and G of fig. 15 giant ripple units 
are shown. They differ in m'any aspects from the 
giant ripples discussed in chapter II. 
10. The dip of the fore-set beds is towards the S. 
2°. Troughs have not been observed at the ripple 

bases comparable with those described in chap­
ter II. Some slight depressions that hardly affect 
the underlying layers, are evidence of the weak 
erosive force of the waves or currents responsible 
for the deposition. 

30. In one ripple unit one can distinguish a 3 to 4 
cm parallel laminated, fine sandy to silty bottom 
bed overrun by fore-sets of predominantly 
medium and material. The inclination of the 
silty bottom beds is unconformable with the 
inclination of under- and overlying fore-set beds. 

The giant ripples as described in this chapter 
are thought to belong to spits or offshore bars. A 
photograph and descriptions by Thompson (1937) 
of spits and bars in California show strikingly 
similar characteristics. The idea is supported chiefly 
by the landward dip of the fore-sets and the lack 
of strong erosive forces at the bottom. Offshore 
bars are indeed formed under relative quiet condi­
tions by currents or waves propagating towards the 
coast. If the water movement becomes to turbulent, 
e.g. by storms, formerly built bars will be destroyed 
and every trace of them may then be swept away. 
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§ 3. Analysis of fig. 15 
Anticipating on chapter V in this section the 

mutual coherence of mega flaser structures and 
offshore bars in relation to their genesis is dis­
cussed. Attention is drawn to the following observa­
tions (fig. 15). 
1°. The fore-set beds of layer E pass into the hori­

zontallaminated beds of the upper part of layer 
D. The lower part of layer D, layer F and per­
haps layer B also are thought to be lateral 
transitions of northward lying giant ripples. The 
lower 10 cm of layers D and F show wavy 
lamination. 

2°. The mega flaser structure becomes more sandy 
towards the top. 

3°. Streaks with ripple marks are common in the 
upper zone of C. 

4 0 
•	 The inclination of the flaser streaks in C be­
comes smaller in the upper zone and more and 
more parallel with the subhorizontal layer D. 
The first observation suggests that, enclosed be­

tween the offshore bars and the coast, a bay or 
lagoon existed in which horizontal parallel bedded 
deposits accumulated (layers D and F and possibly 
layer Bl. 

The other observations revealing a vertical transi­
tion of layer C into layer D shows that the condi­
tions under which the mega £laser structures 
developed passed upward into hay or lagoon condi­
tions. In other words the £laser structures developed 
in deeper water thus farther offshore than the bay 
or lagoon deposits and probably also on the seaward 
side of the offshore bars. 

The formation of layers C, D, E, F and G is 
thought to have taken place, chronologically as 
follows: 

Starting with a profle of disequilibrium, repre­
senting a marine transgression (the boundary line 
B C), the formation began with the deposition of 
material relatively rich in silt content in the shallow 
offshore zone of a marine basin. (The peri-Alpine 
depression). The material was supplied in great 
amounts by rivers. The destruction of formerly 
built delta deposits by the transgressing sea supplied 
also large quantities of sediment. (Proof for such 
destruction is found where layer A lies immediately 
upon a gravel layer, remnant of a fonnerly built 
set of delta giant ripples. cf. § 1). As the accretion 
continued, the grain size of the material supplied 
in this part of the basin increased, because the 
water depth decreased; the finer material being 

restricted to the deeper parts of the basin only. 
Owing to combined wave action and deposition 

the originally rather steep basin floor (boundary 
line B C) grew more and more towards 'a horizontal 
floor profile (boundary line CD, cf. § 1). Thus 
layer C with its mega flaser structure and also layer 
A may be considered as wave-built terrace deposits. 
The predominant inclination of the fore-sets in 
layer C towards the S (coast) shows that they are 
formed under influence of waves propagating to­
wards the coast. The opposing directions of fore-set 
dips towards the sea may have been caused by rip 
currents. Somewhere offshore the first bar(s) form­
ed on the wave-built terrace and wandered coast­
ward (cf. chapter II, § 2) thereby barring a bay or 
lagoon from somewhat rougher conditions prevail. 
ing in open sea. 

In the bay or lagoon wavy- (ripple mark) and 
parallel-bedded deposits accumulated. The lower 
part of layer D (fig. 15, left hand side) shows such 
deposits. They are overrun by a coastward wander­
ing bar which moved the lagoon or bay also towards 
the coast. The transition of inclined bedded off­
shore bar deposits into parallel bedded bay or 
lagoon deposits can be observed where layer E 
passes into layer D. Thus layers D, E, F and G 
formed, E and G representing offshore bars, D and 
F representing bay or lagoon sediments. Some minor 
unconformities between layers E and F and between 
layers F and G reflect minor fluctuations in sea 
level. 

Corresponding to layers A and C, lying in a 
deeper part of the basin than layers D up to and 
including F, is layer H with flaser streaks dipping 
to the N again: The boundary line G H represents 
a new transgression of the sea, probably bec'ause of 
subsidence of the basin. 

Layers A up to H, thus represent the filling of 
a descended basin, with reworked land derived 
material. 

It seems likely to accept rather sudden sub­
sidences of the basin, as layer A lies immediately 
upon demolished (delta) giant ripples and both 
layers A and H show disconformities with under­
lying deposits. The gradual vertical transitions of 
flaser structures into offshore bars and bay or 
lagoon sediments suggest rather quiet tectonic acti­
vities while the basin was filled. 

The process as described above, resembles very 
much the development of the Carboniferous cyclo­
themes (Wanless, 1932). 



CHAPTER IV.
 
OTHER STRUCTURES OBSERVED
 

In this chapter parallel bedded series and gullies 
are described to complete the inventory of all 
sedimentary structures observed in the Sense­
Schwarzwasser area. They are dealt with separately 
because thev are common in various milieus and 
give on their own no further information for the 
determination of the depositional environment of 
the Burdigalian in the area. 

The parallel bedded series point to relatively 
quiet conditions, whereas the dimensions of the 
observed gullies reveal fairly strong erosive forces, 
which disturbed the profile of equilibrium. 

& I. Parallel bedded series 
In the g~oup of parallel bedded structures we 

distinguished two types, those with and those with· 
out wavy patterns. Several transitions exist between 
the two types and a sharp distinction cannot be 
made. Some at first sight, homogeneous, parallel 
bedded series of alternating sand· and siltstones, 
show after grinding of vertical sections especially 
in the siltstones wavy lamination due to ripple 
formation. 

The ripple mark horizons occur in various thick. 
nesses. Sometimes they are restricted to one or a 
few ripple mark layers, sometimes they range in 
thickness from scores of centilnetres up to some 
metres and are built up of several tens of ripple 
mark layers. 

Mostly the thin ripple mark horizons are em· 
bedded in parallel laminated or thin bedded series. 
Representatives of such horizons 'are present in the 
Ruchmiihle road exposure in sections 5.20 . 10.00 m, 
10.75 - 12.90 m and 14.25 - 13.25 m. (Plate II, fig. 13 
and photo 9) and in the Sodbach road exposure in 
section 13.00.19.00 m (Plate III, and fig. 19). 

The thick ripple horizons are mostly embedded 
in mega and/or giant ripple layers. Representatives 
of this group 'are found near Sackau (fig. I, location 
5, photos 10 and II). 

To start with the last group, these ripple mark 
horizons persist horizontally over many hundreds 
of metres, whilst their thicknesses remain constant. 
The composition is rather homogeneous. Variations 
in competency are due to accumulations of plant 
debris in the ripple mark troughs. Wind, loaded 
with sandparticles, eroded the softer parts of the 
deposits, giving rise to the pattern as shown on 
photo 10. A fresh fracture gives only vague struc· 
tures owing to the homogeneous composition of the 
material. Only after polishing of sawed surfaces 
do the features become visible. 

Whether the ripple marks originated from Wave 
or current action could not be determined (cf. 
chapter III, § 1). 

Sieve.pipette analyses gave the following mean 
composition: 

2% medium sand 500 - 200 microns 
43 % fine sand 200 - 50 microns 
37 % silt 50· 10 mIcrons 
13 % clay < 10 microns 

As stated above, the horizons are intercalated in 
medium to coarse sand layers, showing inclined 
bedding of undefined character (mega or giant 
ripple?). The upper contacts of the ripple mark 
horizons with these sandstones are rather sharp, 
the lower contacts are gradual and show transitions 
into the underlying sandstones. The extensive uni· 
form appearance in horizontal sense, points to 
deposition in an area with uniform conditions 
prevailing over fair distances. In the coastal zone, 
such conditions may be expected in lagoons or 
bays, in the shallow littoral zone, on beaches and 
also in lakes. 

Dorthe (1962) who observed the ripple mark 
horizons in the Fribourg area, simply calls them 
"rides de plage" (beach ripples), a statement which 
in our opinion may be correct, but is not fully 
justified. 

The thin ripple horizons (plate II and III) are 
as stated above embedded in parallel laminated or 
thin bedded series. The latter consist of alternating 
medium, fine sand and silt layers. 

A detailed observation of s~ction 10.75.12.90 m 
(fig. 13) reveals sharp upper contacts and gradual 
lower contacts of the ripple mark horizons. 

The lamination and thin bedding of the sand­
stones are rather distinct in the Ruchmiihle sec­
tions; they are vague or absent in the Sodbach 
section. 

The section 12.90 m up to 13.25 m of fig. 13 
corresponds to the Ruchmiihle quarry profile (fig. 
15). The section lies some 200 m N of the quarry 
and starts with flaser structures (layer nr. 7) lying 
immediately upon a pebhle horizon (layer nr. 6). 
This horizon has been mentioned already in chap. 
ter III, § I and § 3 (lag gravel). 

The parallel bedded series from 14.25 m up to 
13.25 m (layer nr. 3) corresponds to the bay or 
lagoon sediments as exposed in the Ruchmiihle 
quarry. The section is overrun at 13.25 m by giant 
ripples (layer nr. 9) of fluviatile origin. The top of 
the giant ripple deposits is formed by a new gravel 
horizon (layer nr. 10, see also § 3). 

The numbers in brackets refer to the layers of 
the graph fig. 13. An argument for the parallel 
hedded series having been formed in shallow marine 
water is given in the next paragraph. 

§ 2. Gullies 
The best exposure of a gully was found N W 

from Nidermuren (fig. I, location 10). Fig. 17 
presents the W· E profile on the N side of the road. 
The exposure has been hammered for s'afety pur­
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poses, to avoid the falling of rock debris. This 
obscures the structures and prevents a detailed 
examination. The section reveals onlv the western 
bank of a gully, cutting through pa~allel bedded 
sandstones, comparable with those from the Sod­
bach road exposure (cf. plate III, 11.00-19.00 m). 
The depth of the gully is at least 6 metres. The 
gully base is marked by clay pebbles and clay 
boulders. 

The sediment filling the gully shows irregular 
giant ripple structures, cut perpendicular to the 
depositional current (cf. the vertical sections on Ihe 
right hand side of fig. 9 and on the left hand side 
of fig. 10). 

This shows the relationship between the gullies 
and the giant ripples as described in chapter n. 
This reveals also the position of the giant ripples 
in respect to the other structures and leads to some 
important conclusions. 

The gully is due to the scour of a river branch 
in its lower course (delta region), having shifted 
its bedding and cut a new channel, which was filled 
with sediment showing giant ripple structures. The 
occurrence of the gully demonstrates that the 'area 
in which the river discharged itself must have been 

a very shallow basin, perhaps even land, otherwise 
such deep channels could ot have been formed. 
This leads also to the conclusion that the parallel 
bedded sandstones of fig. 17 and certainly the 
layer (s) of which the clay boulders have been 
derived have been deposited in a shallow part of 
the basin. 

The same feature of giant ripples, cutting parallel 
bedded series is shown in the Ruchmiihle road 
exposure (the upper left hand part of plate II, 
18.30 m). The profile cuts the giant ripple deposits 
almost parallel to the current of deposition. The 
incision of the base of the giant ripple series, the 
gully, is therefore rather flat in this direction. 

N.B.	 Dorthe (1962) gives a great many photos and 
drawings of gullies which he compares with 
gullies occurring in the Rhine-Meuse estuary 
(Haringvliet excavation, The Netherlands). 
However, the greater part of his "chenaux" 
(channels, gullies) are simply troughs of giant 
ripples. Of course they represent a sort of 
scour and fill structure, but these "gullies" 
are in no way comparable with gullies as des­
cribed in this paragraph. 
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as prevailed in the tertiary Molasse region. The 
delta deposits of the Swiss Molasse are not com­
parable with a great many well-known delta systems 
such as Mississippi, Fraser, Orinoco and Rhone. 
(c.£. Barrel, 1912; Fisk, 1954, 1961; Johnston, 1922; 
Mc Kee, 1939; Russell and Russell, 1939; Shepard, 
1960 a; v. Straaten, 1957). Important factors, 

governing the sedimentation circumstances and 
causing great differences with the mentioned recent 
deltas, are climate and orogenesis. The ohserved 
structures especially the giant ripples may there­
fore seem to he unique in regard to what we know 
from recent delta environments. 
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