The Muschelkalk Salt at Heilbronn, Germany

ABSTRACT

The Muschelkalk Sall at Heilbvonn, Gevrmany, presenls a three-unil sequence of halite comt
pletely unlike any deposit in Novth America. The middle unil, 6-10 meters of hovizontally bande
primary halite and anhydrite, lies between vecyysiailized halite wnits (each wp to 20 m. ithichk)
charvactevized by vertical striping, Contacis are shavp. Unique conical-skaped depressions of
banded salt may be sufficiently deep so that the lower vertically stviped salf is absent al the apex
Vertical banding and conical depressions have generally been altvibuted to a single process. Sub
aqucous stumping, solution and recrysiallization in the presence of synsedimentary watey, posi-
depositional solution and recrystallization by upward moving watey liberated during the conversi
of gvpsum to anhydrile ave processes called upon o explain these features. The author believes,
howevey, that lhe development of vertical stviping is not contempovaneous with the formation of
the conical depressions. Vertical striping is afivibuted to water moving doumward following the .
deposition of the individual unit, wheveas the depressions have formed following lhe deposition of
the enfive salf sequence.

INTRODUCTION

Some of the problems of solution and recrystallization in halite sequences are brought
sharply into focus in the halite sequence in the Anhydritegruppe of the Middle Triassic Muschelkalk
of southwestern Germany in the vicinity of Heilbronn. Muschelkalk salt, presently distributed in
a series of isolated basing roughly along a line from Basel, Switzerland to Magdeburg, Germany,
was originally deposited over a much more widespread area (Borchert and Muir, 1964, p. 204)
{Fig. 1) in a shelf environinent in an arid climatic region adjacent to the Tethys Geosyncline. The
original depositional extent was subsequently modified by solution. Muschelkalk salt was first dig-
coversd in 1816 through drilling north of Heilbronn near Jagstfeld along the north side of a small
salt basin, 75 by 30 kilometers in size. It is in the salr of this bagin that this study was under-
taken.

In the basin under consideration the salt aitains its maximum thickness and diversity of se-
quence at Heilbronn (Fig. 2). Here, well exposed in the mines of Heilbronn and Kochendorf, can
be seen the striking relationship between the 12-20 meters of vertically striped Unteres Salz and
the overlying Bandersalz which is comprised of 7-10 meters of horizontally bedded salt. The con-
tact between the two units is sharp and relatively smooth. At Heilbronn, this unit is in turn over-
Iain by the Oberes Salz, up o 20 meters thick, the characterisrtics of which are essentially identi-
cal with those of the Unteres Salz. Local depressions of the Bandersalz {"Napf") accounts for the
thinning of the Unteres Salz from 20 meters 1o a feather edge. North from Heilbronn {Fig. 3) the
Oberes Salz is abgent at Kochendorf near Bad Friedrichshall and =till farther north in the shafr at
Jagstfeld only the Unteres Salz is present. The development of the vertical banding and irs rela-
tionships with the 'normal' banded salt which it encloses is unique and hasg justifiably received a
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Figure 1. Middle Triassic (Middle Muschelikalk} paleogeopraphy (Rechior-Bembuozg, 1985).

great deal of attention and has been subjected to a variety of interpretations. This problem, and
the assaciated problem of "Napt” development, were the subject of this investigation.

This presentation and interpretation is based on a limited study, initiated during my resi-
dence in Gotringen, Germany, as a Fulbright Research Scholar and completed on my return to the
University of Kansas. Credit for any contribution contained herein must be shared. Dr. Annarose
Heydemann of the Sedimentpetrographisches Institut der Universitat (Gottingen) was responsible
for all contacts made with mine personnel. Mr. Hildebrand, also of the Institut, prepared thin
and polished sections for laborarory study. Mr. Muthmann and his staff at Heilbronn and
Mr. Keune and his staff at Kochendorf were most cordial and helpful. 1am particularly indebted
to Dr. Robert Kihn of Kaliforschungs-Institut in Hannover who accompanied me to these mines and
who algo reviewed the manuscript and offered many helpful suggestions.

THE SALT SECTION

Unteres Salz and Oberes Salz are characierized by straight, vertical banding which appears
with equal claricy and similar gpacings regardiess of the orientation of the mine face (Fig. 2).
Schachl indicated a columnar siructure in cross section, but haa observed it only locally. Near
the shaft at Kochendorf, mining progressed upward only to just below the base of the Bandersalz
and solution by moist air over a long period of time has removed the remaining thin layer of
Unteres Salz leaving the contained insolubles in relief. No significant pattern is visible. The ver-
tical banding itself ig defined by: (1) the concentration of insolubles in verrical bands, {2} con-
trasting bands of clear inclusion-free salt and bands of dark inclusion-rich salt, and (3) large
masses of clay and anhydrite Mann-im-Salz, Anhydritsporaden) which are generally elongate in
the vertical direction and which usually display an internal bedding structure which, at least in the
central gection, is horizontal (Fig. 4). Schachl has reported remnants of horizontally banded salt
both at the base of and contained within, the Unteres Salz and the Oberes Salz.

The Bandersalz is typical bedded salt and is essentially undeformed. The sequence includes
two finely crystalline anhydrite beds, the lower one (Unterere Anhvdritebank) of which is contained
within the sequence whereas the upper (Oberere Anhydritebank} bed is at the top of the unit. Grain
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igure 2. Schematic diagram of the balite sequence in the Middie Muscheikalk is i Lower Neckar Dstrict (Selachl, 1984),
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Figure 5, Porion of shaft profiles showing salt sequence ar Heilbrosn, Kochendorf and Jagsfeid,
(Adapred from mine data supphied by Keune, Friedrichsba 1t-Kocheadorf.)

size in the Bindersalz is small relative to the en-
closing Oberes Salz and Unteres Salz. Indications
of other than local recrystallization are lacking.

The contact between the Unteres Salz ang the
Béndersalz is, however, generally sharp and regu-
laxr, with or without a concentration of insolubles
along the surface of separation (Fig. 5). Recrys-
wallization is common along the lower few cenri-
meters of the Bandersalz. The separation {s occa-
sionally marked by a layer of clay or anhydrite but
not of abnormal thickness ag might result from
concentration of ingolubles below a recrystallized
salt layer. The contact between the Bindersalz
and the overlying Cberes Salz is limited in expo-
sure. Generally the Oberes Salz lies directly
above the Obere Anhydritebank of the Bandersalz
although locally Schachl recognized masses of
Rindersaiz berween the Obere Anhvdritebank and
the Oberes Salz.

"NAPF" STRUCTURES

Complicating the picture are the "Napf"
structures {Fig. 2} the development of which have
been closely allied by some workers with the de-
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Pigure 4. Typical Achycricsporaden infernal sructire. velopment of the vertical banding in the Unteres :
2:?:;;53 Tﬁ;‘f{;@;"mﬁ:‘;zg’:gﬂﬁ:‘”é; Salz and Oberes Salz, These structures occur at
men s apptoximately 12 ceprimet2rs high and only bf?[h Heimr{?“n and Kochendorf. The depresglqn of E
s par of the srucruse,  Heifbroan, Bandersalz into the Unteres Salz may be sufficiently

deep so that the Unteres Salz is completely absent

at the apex. In Heilbronn, for example, the dip is

such in one structure that the normal thickness of P
16 meters of Unteres Salz feathers out toward the center of the depression over a lateral distance o
of 32 meters. In a similar structure ar Kochendorf, approximately 11 meters of salt feather out
in 40 meters laterally. In the Kochendorf structure, Bandersalz shows some thickening toward the [
center, and the underlying Grundanhydrit and Mausgraue Dolomite show an elevation slightly above L
normal. In the center of all such structures there is generally a concentration of Salzton (salt
clay) ahove the Grundanhydrit, In the Unteres Salz immediately below a "Napf,” Schachl indicated
an inclining of the vertical bands toward the center of the structure. In the "Napf,” thin laminae
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{a}

Figure &, Contact betwesn Unieres Salz and Bandersalz; {a) withoot concentration of insclubles along vonwact, and
{b} with copcentrazion of insolubles along coptaci. Specimans are approximately 22 cantirazters high, Heilbronn,

in Bindersalz below the lower anhvdrite are polished and striated, the striations pointing roward -
the center of the structure. Tension is indicated within the Bindersalz by the stretching and frac
turing of bands of insolubles, some fractures in clays having been subsequently filled with red.

salt. Some folding has also been ohserved in the center of the structure, thus suggesting at lea
local compressive forces However, the general character of Unteres and Bindersalz shows no
significant change from areas of normal thickness to areas of "Napf' structure. :

PREVIOUS INTERPRETATIONS

Numerous explanations have been offered for the development of the existing structure in
Unteres Salz and Oberes Salz. Richter-Bernburg {1955, pp, 634, 635} proposed that the vertic
striping represents original bedding planes which have achieved their present orientation through
subagueous slumping (Fig. 6}. Slumping of the Unteres Salz was followed by planation and deposi~
tion of the Randersalz, this followed by the deposition of the Gberes Salz and subsequent slumping.’
However, the near perfect parallelism of the bands; the complete ahsence of anticlinal crests or
synclinal troughs; and the lack of any indication of linearity in plan view which should have re~
sulted from the folding of bedded salt, regardiess of the mechanism of deformation; demonstrate
the improbability of the development of these structures in this manner.

Most investigators, however, recognize recrystallization as the process responsible for the
structure of the Unteres Salz and the Oberes Salz and also for the development of the "Napf” struc-
tures. Schachl (1984) atiributed the development of vertical banding to synsedimentary sointions -
whereas Borchert (Borchert and Muir, 1964), p. 208) related the changes to the dehydration of
underlying CaS0Oy, after the deposition of the overlying Muschelkalk sediments, the released water
of crystallization moving upward through the Unteres Salz and then migrating laterally along the
bage of the overlying Bindersalz. The upward migration of water was also responsible for the
carrying of basal saltiferous clay blocks, blocks of banded salt, and the clay forming the vertical
bands, into their present positions. He rightfully acknowledged the need for large volumes of =~
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Figwe 5, Development of verical banding in Unteres Salz through subagquecus slomping,
(1) Deposirlon of Unteres Salz, (2) webagueous slumping, and (3} deposition of over~
Iying Bisdersalw (Richrer-Bemburg 1958)

water. Kihn {1964 and personal communication, 1964) based his interpretation primarily on géo-
chemical evidence (Fig. 7)., proposing that the Unteres Salz and the Oberes Salz were transported
by turbid water as clastic material to the local of deposition and deposited without stratification or

vertical siructure. With this mechanism of trang~’
port Schachl now concurs. Kihn further proposed
that solutions moving upward, subsequent to the dep-
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Salz, for no similar or even detectable alreration hag taken place in the Bindersalz as the resylt
the liberation of water of crystatlization from the Untere Anhydritebank. In Anhydritsporaden,
horizontal bedding in the center turns upward along the marging of the structure and is more in-
dicarive of downward than of upward rransport of calcium sulfate.

CONCLISIONS

Initially T must agree with many investigators who state that the characteristics of the
Unteres Salz and the Oberes Salz, when primary deposits, must have differed from the normal
bedded halite of the Bandersalz. Recrystallization may, and often does, destroy bedding, but com:
plete remaoval of evidence of bedding is unlikely, and to propose initial similarity of all three units
would make all the more incomprehensible the intense contrast which we see today. The proposal.
by Kihn, that Unteres Salz and Oberes Salz were transported into their present position as ciasnc
salt by turbulent waters, findg support in the included blocks of basal bedded salt, in some of
which the bedding is not horizontal. This mechanism is now supported by Schachl. (Personal coms
munication from Kithn.} Thart recrystallization occurred cannot be denied, but in the light of much’
evidence, downward movement of water seems preferable. The aridity of the area in Middle
Triassic time, the shifting of connecting channels to the Alpine Geosyncline and the shallowness
the seas, do not preclude, and in fact support. intermittent desiccation of the basin and subsequent
development, through expansion and contraction during periods of subareal exposure, of vertical. .
channels for solution movement. The vertical structure then developed through recrystallization -
prior to the deposition of the overlying unit. The Oberere Aphydritebank served as a barrier to
downward rmoving waters responsible for the recrystallization of the Oberes Salz so that the Ban-
dersalz was not altered. "Napf’ structures have formed after the deposition and least partial lith-
ification of the Bandersalz as is indicated in the rupturing of the Untere Anhydritebank, the exten-
give slickengiding of the shale layers and the maintenance of relatively uniform thickness of the
Bandersalz across the structures. Finding a solution to effect the removal of large quantities of
salt from beneath the "Napf” and to permit collapse is admittedly difficult. | propose sclutions
circulating below, and perhaps within, the salt section, dissolving from the bottom up, but not :
movmg Lhrough it. [ can see no need for, in fact only evidence against, a genetic relationship be-
tween ''Napf" structures and Unteres Salz and Oberes Salz rextures.

REFERENCES

Borchert, H. and Muir, R., 1964, Salt Deposits, the Origin, Metamorphism and Deformation of
Evaporites: New York, D. Van Nostrand, pp. 204-210.

Kthn, R., 1964, Salzmineralien {Geochemie) bezilglieh der Salzlagersatten von Wurttemberg/
Hohensollern and Sudbaden: Hannover, Kaliforschungs-Institute E.v., 16 p.

Richter -Bernburg, G., 1955, Uber Salinare Sedimentation: Z. dtsch. geol. Ges., vol. 185,
pp. 634, 635

Schachi, E., 1954, Das Muschelkalksalz in Stidwestdeutschland: N. Jb. Geol, Paldont. Abh.,
vol. 89, pp. 309-394.

334




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

