Geology of the Salt Field Rheinfelden-Riburg, Switzerland
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ABSTRACT

The Muschelkalk (middle Triassic) east of Basel (Switzerland) contains salt depos-
its, bt the center of these Muschelkalk deposits Lies in northern Germany and only
a restricted extension leads southward to the region of the Main River and Wiirt-
temberg in Germany and to Lorraine (France) and Switzerland. In Switzerland, the
deposit shows featiires of a long bul relatively narrow, flat and shallow gulf which is
filled with evaporitic sedimenls, Within this gelf, the salt deposits arc separated into
individual hasins, each with its own tectonic history and specific framework. One of
these deposits is the Rheinfelden-Riburg salt field located 20 km east of Basel.
Extensive drilling provides a good knowledge of the extent of this salt field. It has
the shape of a widespread triangle, two sides of which are formed by fauhs. Only
the noethern limit coincides with an edge caused by subrosional activicy withomt
tectonic interference. The thickness of the salt increases over a short distance from
north to south by ncardy 190 m where it ends abruptly at a fault zone. There is good
evidence that these faults were active during the deposition of the salt. They belong
to a system of Hercynian faults in the nearby Black Forest of Germany and have
been reactivated in Tertiary times during the subsidence of the Rhein Graben. The
stratigraphy of the Muschelkalk is discussed together with the formation and con-
figuration of the Rheinfelden-Riburg salt deposit,
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ZUSAMMENFASSUNG

Das Salzvorkommen von Rbeinfelden-Riburg, ca. 20 km E von Basel, gehort zum
Muscheikalk (rmittt. Trias), der Salz in grosser Verbreitung aufweist. Das Zentrum
des Muschelkaikmeeres liegt in Norddeutschland, ein Golf erstreckte sich zwischen
Pariser Becken und bohmisch-vindelizischer Masse gegen 8. In digsem sind die
Salzvorkommen von Lothringen, Wiriteraberg und der Schweiz gelegen. Trowz
dieser Fugehdrigkeit zu einem prossen Salinar zeigt aber das Salzlager von Rhein-
felden-Riburg individuelle Ziige und ein eigenstindiges geologisches Verhalten,

Durch zahlreiche Bohrungen ist scine Ausdehiung recht genau bekannt. Us
bildet cin offenes Dreieck. Auf zwei Seuen 15t es von Bruchstrukturen begrenzt,
einzig im N endet das Salzlager an einem nicht tektonisch beeinflussten Subrosions-
rand, Die Salzmichtigkeiten nehimen von N nach S rasch za und erreichen kaapp
100 m. Das Salziager endet abrupt an einer Verwerfung, Es kann gezeigt werden,
dass die Briiche wihrend der Enistehung des Salzlagers aktiv gewssen sind, Sie
kénnen spiiten Phasen der variszischen Gebirgsbildeng im Schwarzwald zugeordnet
werden und sind im Tertidr im Zusammenhang mit dem Einsinken des Rheingra-
bens reaktiviert worden,

tm weiteren werden die stratigraphischen Verh3ltnisse, die Ausbildung des Salz-
lagers und seine Gliederung in Zyklen beschrieben.
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ENTROBUCTION

The first marine ingression into southern Germany,
Swilzerland and eastern France {Lorraine and Tura) after the
Variscan orugeny took place in the middle Triassic (=Mu-
schetkalk). The tower Triassic shows the features of erosion
of the Variscun mountaips; the Bunrsandstiein (mainly red
sandstones) was deposited from south o north o a trough,
whose center lays within the lowlands of northern Germany
(Wurster, 1968). The marine rransgression filled a rela-
tively narrow gulf between continents in the west (Basin of
Paris— Ardennes) and in the east {Bohemian massiv, Vin-
delician sif}). In the upper Muscheikalk this transgression
reached the Provence (Tethys) in southern France {Ricour,
1963; Lemcke, 1970, 1973).

During the middle Muschelkalk evaporitic sediments
were deposited in the muin basin as well as in the narrow
gulf. Figure | shows the known salt occurrences in south-
em Germany, Switzerfand and acighbouring France in
saltworks and saltmines. Though there is ro connection

from one salt field to another, there are sgveral foatures in
common. These data might lead to the idea that there has
been one common original salt layer of large extent and that
the separation inte several independent salt fields is due to 2
subsequent dissolution or subrosion of large amounts of
salt. On the other hand there is also the possibility of origi-
nully separated salt ficlds, which have been deposited
within the same time range and under the same geological
conditions. 1n other words, within the previously mentionad
north-south gulf there existed several resiricted basins
where the salt preferably could be deposited or protected
from later erosion.

The salt fields in the Rhine valley east of Basel are well
known due to intensive doiiling. 1t might be of interest to
compare this information with that from other Triassic salt
accurrencies. The salt field of Schweizerhalle-Zinggibrunn
has been described before (Hauber, 19713, therefore the
gealogy of another salt field, Rheinfelden- Riburg, has been
chosen as a basis for discussing the question of the genesis
of the sakt.
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Figure 1.  Distribution of salt in the Middle Muschelkalk in Baden-Wiirttemberg, Switzerland and

neighboring France.
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Geoclogy of the Salt Fisld

The first salt in the Rhine valley cast of Basel was found
in 1836 by Carl Christian Friedrich Glenck (1779~ 1845) at
Schweizerhalle with his seventeenth borehele in the search
of salt, By 1837 the saltworks of Schweizerhalle were in
operation. By 1848 three more had been built: Kaiseraugst,
Rheinfelden and Riburg. Today Schweizerhalle and Riburg
are stifl in operation and are equipped with highly advanced
thermo-compression gvaporators {capacity: 200,000 tyear
each},

GENERAL GEOLOGIC SETTING

The Triassic in the Rhine valley east of Basel belongs to
the sedimentary cover of the Variscan basement of the
Black Forest (Fig, 2). The sediments dip gently southward,
generally at 5-10°. The thickness of the overburden sedi-
ments above the sait, mcreases with distance from the Rhine
to the south. '

The most striking tectonic feature of fhe reg
Basel and Sickingen is the prescnee. of & gréat umber
faults, most of them in a NNE--S5W direction, |
the NW-SE direction. They belong to the, Rl
svstem, which is lower Tertiary in age.{Fig: 23 T)
graben is a riftvalley, which separates Black Fo
Vosges. In this system the NW-SE Hereynian: ¢
seems (o be strange. Indeed, as will be shown, they
originate from the Variscan orogeny, persisted into! _
times and have been reactivated during the growth of tie:rift
valley system in the Tertiary.. The examination and deserip- -
tion of the Rheinfelden-Riburg sall field will provide some
additional data and information on this statemeni.

STRATIGRAPHY

The stratigraphy of the Triassic sediments of Rheinfel-
den-Riburg is the same as in 'Schwcf;ize_éh-_aiie {Hauber,
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Figure 2, Geological position of the sait fields in the Rhine valley eust of Basel. /, Schweizerhalle;
2, Kaiseraugst; 3, Rbeinfelden-Riburg, F. Flexure of the Rhine graben; R, Degerfeiden-Rheinfel-
den fault, W, Kandemn-Wehratal- Zeiningen fault.
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1471 Table | shows the stratigraphy of the Muschaltkalk
including the average thickness of the vanous formations
and luyers.

Figure 3 shows typical stratigraphic sections of some
fuliy-cored wells in Riburg and iHlustrates the Hthology and
the regularity of the thickncss of the different members. The
abnormat thickness of the upper Sulfatzone n well 6 is
probubly due 1o repetition by a fauit, bt rhe detalls are not
well known for this old weli, Wells & and 12 have been
production wells; the others ure explorawry wells. The
thickness of the Wellengebhirgs is given according to Disler,
1914,

THE SALT BED

The publications of Schachl (952, 1954) show & peat
separation of the Muscheikalk salt bed in south Germany
into three different tavers. Wild (1977) shows that in the
center of the salr field at Heilbronn there mighe even be a
forth salt ¢ycle. East of Bascl, in the Rlune valley, it is oot
possible to distinguish the same tree or four ditferent ¢y-
cles, although there are a large number of well proftles
avaitable. However, several common features are discern-
ibie in the salt kayers, so it should be possible 1o find the
same cveles as in Germany,

The typicai cutlines of the sait bed of the two best kaown
salt regions I Switzedland (Schweizerhalle and Rhein-
felden-Riburg) are as tollows:

. Under the salr bed there is mormatly a thin layer (0.2 -

(.8 m) of gray clay with nodules or lenses of red salt (=

Salzton; Schachl, 1982 Trefzger, 1950).

2. The lower salt bed, in the fower part is a yuite pure.
aranular salf.

3. The lower salt bed, i the middle part {5 a sequence of
salt luyers with clay and anbhydrite.

4. The lewer salt bed, in the wpper part iy a ¢oarse crvstal-
line salt with some impurities, but only few seams of
clay or anhydrite.

5 The “Trennschicht,” aa anhydrite bed, separates the
lower and apper salt, and is up to [0 m thick,

6, The upper salt laver s 4 course crystalline salt with clay
and anhydrite Impurities,

Extension of the salt field. The extent of Rheinfelden-
Riburg is shown on tigures $-7. The southern limw of the
salt is formed by faclts, the Rhewfelden faudt (R) and the
Wehratal fault (W1 {Fig. 2). Well 18, south of the Rhein-
felden fault, proves that there is po salt there. However. the
greatest thickness of salt cian be found immediately on the
notthern side (RO 100 i wells 17, 48, 513, The guestion,
whether the salt in well 18 is priarily lacking or eroded
cannof be answered definitely. Note, howewer, that the
upper Sulfatzone and the yvounger layers show no signs of
disturbance due to sizbrosion or something else which would
indicale the former exisience of salt. If there had been salg,
tt could not have been 100 m thick or anvehing like that. In
any case, removal woild have to have taken place before
the sedimentution of the upper Sulfatzone.

Or the northem edge of the salt figld there are signs of
active subrotion, Asis shown in Figures 4 and 3, the top of
the sabt dips poribward from well 47 10 43, which is a
remurkable feature considering the regional geology. The
underlaying beds on the other hand show reversed dip. In
addution 1o this, cores of well 44 just outside of the sult field
show abundant veins of gypsum in the anhydrite of the
upper Sulfatzone as weil as unconsolidated clay in the post-
ticn of the missing salt. This proves the cxistence of subro-

TABLE I

Stratigraphy of the Muschetkalk (Middie Triassic) in the Region of Rheinfelden-Ribure (Switzerland),

Period Group Formution Mermber Lithulogy Thickness in m
Keuper Letenkoide Doinmite snd shaje 6-8
Trigonedusdoiomu Dalomite 253}
Hauptmuschelkalk '?‘:i::i}::::aik Limestone %3“ ;g
Dolomitzone Dolomite 1320
dpper Sulfaizone Mart ard anhydrie 2748
Triassic Muschelkatk Arhvdritgppe Sak Bed Salt 0 100
jower Seifarzone Lolomitic marl 2--5
and ankrydrite
Orbicolarismnergel Marl with intercatations B 13
Weilenpebirge of ankydrite
Wellenkalk Limestone 2530
Wellendolomit Dolomite 5-8
Buntsyndstein Rat Skale and sandstone 715




Geasiogy of the Sait Field
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Stratigraphy:

R = Regent.
GK = Gigskeuper

LK = Lettenhchle

D = Trigonodysdelomite
| . Pz Platienkaik
HMK = Mauptmuschetkatk

TR = Trothitenhalk

0z a Do!om:lzone

G5 = upper Gulfaizone.

S1 = Saltheds

US = fower Sulfatzone

WG = Weliengebirge

Figure 3. Sections of wells in lhe Rheinfelden- Rmburg sali field (well 6 fram Verluop 1509).

Situarion see Figs, 5-7.

sion, which became possible due to erosion by the voung
Rhine river. To the northeast, the saht field wells 15 and 16
do not show these signs of subrosion, and therefore ome
cannot determine the origing! edge of the saltbasin,

Genesis

The facts lead us two the following conjectural picture of
the genesis of the salt field of Rhemnfeiden-Riburg, which
would be in accordance with these observations:

1. There was a strong increase of the thickness of the salt
from north to seuth (Fig. 7).

2. According 1o the facts mentioned above, the base of the
salt dips more to the south than the top; but there is a
difference in the strike (see Figs. 3 and 6).

3. The northern boundary of the salt shows the influence of
the recent subrosion activity.

salt Iayers in the seuthem patt uf thc sajt field which
coincide with an increase in thickness of the older salt

. layers,
. TFhe southern edge of the salt reflects the Rheinfelden-

and Wehratal-Zeinigen faults. As Figure 4 shows, the
difference in thickness of the Wellengebirge/Sulfat-
zone-boundary in well 40 and 18 equals as much as
140 m, bat for the Sulfarzone/Hauptmuschelkalk-
boundary there is only 40 m difference. This difference
of about 100 m is nearly equivalent to the thickness of
salt in weils 17 or 40,

As in Germany, there are indications for the existence of
thiree subsequent cycles, as shown by layers of pure salt
slternating with impurities as clay or anhydrite. Very
typically the *‘Trennschichi’’ (= separating layer) of
anhydrite occurs in the upper third of the whole salt bed.
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Geology of the Salt Fisid
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Due 1o these important characteristics of the salt field, «
seems prohable that there has not been an pnique, extended
salt busin in the middle Muschelkalk, which reached from
Germany into France and Switzerland, but instead that there
existed several different restricted basins within the marine
irough vr gulf where the accumulation of the salt preferen-
ttaily took place. The extension of such basins could be due
to slow movements along old fault stractures existing since
the Variscan orogenesis {see also Hauber, 1971},

Such an interpretstion cbviously requires a long period
for the genesis of the salt basin. This is in contrast Lo the
conception of qguick sedimentation of sakt. But because there
are different cycles with salt beds, it is most likely thut these
beds were not deposited within ore short period, but duning
several periods. In between these periods of salt deposition
there was time for dissolution and recrystallization of the
salt and a certain concentration of the tmpurities.

Following this moded, it would be possibie that the salt
originally had a larger extent than today and was also
present on the other side of the Rheinfelden fault. In such a
case, due to dissolution in the periods between the salt cy-
cles, the distribution of the salt was reduced 10 the central
part of the local sait basin. As mentioned above, three cy-
cles of salt can be observed in Hiburg., The uppermost, Le.
youngest, can be found only in the center of the basin. Also
the thickness of the cycles decreases wowards the edges of
the basin, Fhis is in ling with the assumption of a ""re-
stricted’” salt basin, as proposed by Trusheim (1971}

COMPARISON OF
SWITZERLAND- WURTTEMBERG

Schachl (1974) gave a detailed and precise description of
the Muschelkalk salt in Wilntlemberg comprising the se-
quence of Lower Sait- Bandersalz— Upper Salt. Untl now
no such sequence ¢ould be found in ihe Rhine valley east of
Basel. But the sections in a great number of wells allow one
to assume the existence of three cycles in the Salt Layer,
too. Thus, there would be a good correspondence with the
Wiirttembery section. In both cases, the thickness of the salt
is greatest in the center (Dellwig, 1966; Wild, 1965). In the
center of ihe Heilbroan salt field, there 18 even a fourth
eycte (Wild, 1977) which as vet has nof been found in
Switzerland, butr which exists in the main basin of north
Germany {Trusheim, 1971). As in Switzerfand, the under-
laying formations show a stronger undulation than the
overlying formations. The thickness of the salt ranges
within the same Hmits i Switzeriund a3 in Wilrttemberg.
These common fearures prove thut the salt of both regions
might have been formed under the same general geological
conditicns, but in detail there have been differences, which
show that each area has is own history.

DISCUSSION
G. Lilttig:

Question. The siver Rhine is flowing round the sakt depasit of
Rheintzlden in a bow convex (o the porth, §s there any commespon-
dence to an uplift of the salt during Quaternary times, so that the
river could have been geided rovnd the sait deposit?

Answer, No, we se¢ some connections of the convex bow of
the Rhine river 1o the nosth with the complex tectonic pattern of
the Rhinegraben-rift valley, The activity continues unlil recent
times with an oplift of the Black Forest und the Vosges and a
descedence or inclination of some parts of the mraben. Such
phenometta exist also i regions, where no salt is known,
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