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— Axen sheet (middle Helvetian) — Santis, Réderten, Drusberg sheet
(upper Helvetian) — S.

Figure 12, plate 1, represents the reconstruction of this Helvetian basin,
along these lines, as accurately as possible. The accurate sections of
OBERHOLZER (1933), of which we choose section 12 as the best disclosed
one, formed the base of this reconstruction, The observed thicknesses
have been rigoureously maintained even when OBERHOLZER supposed an
attenuation, because it seems highly improbable that a hard formation as
the Malm limestone will show the same attenuation as a soft Valenginien
marl. Even in the thinnest part of the Glarner or of the Miirtschen sheet
nearly the whole series is complete.

In studying the sedimentary conditions of the Helvetian basin we must
realize that it represents only the Northern shelf of the Alpine basin. The
Permian Verrucano and sernifite of the Glarner and Miirtschen sheets
occurs in the same facies in the Southern Bergamasc Alps, in both localities
thinning out and disappearing quickly Westwards. The Triassic sediments
of the Helvetian shelf extend in the same facies Southwards in the Penninic
sheets and acquire great thickness as limestones and marls in the southern
Alps. The Liassic of the Helvetian basin is the shelf extension of the
great filling up of the geosynclinal basin then situated in the Penninic
centre of the Alpine basin. The Malm limestone extending a little further
Northwards than the Liassic, probably continues below the Helvetian sheets
even as the Liassic and the Dogger. In the Cretaceous period, however,
this S-—N movement of the subsidence has been arrested; the major sub-
sidence is now found in the southern part of the shelf. In Tertiary times
the whole basin was covered by Flysch sediments, the Pratigdu flysch of
the Penninic sheets being very similar to the Wild flysch of the Helvetian
basin.

By putting together the pieces of the different Helvetian sheets at their
appropriate place the section of ‘the original shelf was completed, but not
everywhere with the same exactitude, due to the missing parts carried
away by erosion,

The frontal parts of the sheets are best disclosed, their backparts often
being doubtful, for instance the length of the Axen sheet is completely
unknown as its backpart has been eroded away; we have drawn it at its
minimum length, At the same time the future position of the thrustplane
below every sheet has been drawn into the indisturbed sedimentary
sequence, This could be done with great accuracy in the frontal parts and
could often be followed rather far back with the help of the adjoining
sections.

Studying this basin we notice first of all that the Lower, Middle and
Upper Helvetian sheets are not only situated behind one another but also
above one another. The Cretaceous of the U. Helv. sheets was situated
above the Permian of the L. Helv. sheets and above the Jurassic of the
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oncentric folding and the dependence of tectonical structure on original sedimentary structure.

N OF ORIGINAL SEDIMENTARY SEQUENCE IN HELVETIAN BASIN IN CROSS SECTION WITH THE HELP OF SECTION I2 AND ADJOINING SECTIONS OF OBERHOLZE
, BY LU DE SITTER
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M. Helv. sheet. Only the frontal parts of the different sheets were situated
behind one another.

Another natural law concerning the position of the future thrustplanes
is easily discernable. Every thrustplane is bound to the thinning out of a
conspiceous member of the sedimentary series.

Thus:
The thrustplane of the Glarner sheet is bound to the thinning of the Permian
" " » » Mirtschen ,, ., . . . " w » Malm
” " w w Axen v " » » Lias-Dogger
" " . » Upper Helv. sheets ,, , . » » = Kieselkalk-Drusbergsch.

Doubtful is the connection of the thrustplane of the Bichisstock sheet
with the thinning out of the Schrattenkalk and that of the Santis sheet
with the thinning out of the Seewerkalk,

There is no exception to the general rule; every thrustplane is bound
to the thinning out of a special formation, and even every thinning out of
a conspiceous member causes a major thrustplane,

We suppose that at the start of the folding process the anticlines
became located above the irreqularities of the sedimentary sequence caused
by the thinning out of special members in a similar way as has been drawn
in fig. 106 for the Hauenstein fold. The asymmetry of the folds was deter-
mined by the same factor and eventually developed in a thrusting movement
directed towards the highest point of the basement rock. The thrustplanes
cut down more or less perpendicular through the upper horizons until they
found below their special thinning out member a suitable gliding horizon.
The upper Helvetian sheets did possess an excellent gliding horizon in the
Valenginien marls, which fact may be the cause of their greater number
and shortness as compared to the other sheets.

Moreover, each subsequent thrustplane, reckoned from North to South,
forced its predecessor further down, viz. the Axen thrustplane forced the
Miirtschen thrustplane down through the Permian towards the basement
rock; the Sintis thrustplane probably forced the Axen thrustplane down
into the Permian.

When this forcing down cannot be effected because the lower thrust-
plane has reached already the basement rock, the lower thrustsheet is
simply cut off from its back part as happened to the Glarner sheet.

This structural phenomenon explains why the highest sheets have moved
furthest from their original position. As soon as the Glarner front had been
cut off by the Miirtschen thrustplane its independent movement ceased and
the Miirtschen sheet, which remained undamaged throughout the folding,
passed over the inert mass of the remnant of the Glarner sheet. In the
same way | suppose that eventually the Upper Helv. sheets cut off the
Axen front and middle part, from its back part and left it, derived from
its pushing block, as an inert mass where it had arrived before the
mutilation took place. The only thrustsheet front that was not severed
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from its back part was that of the Miirtschen sheet, now reaching nearly
as far North as the Upper Helv. sheets and still extending from root to
front over the central granite mass.

This analysis shows that also in this case the tectonical structure is
dependent wholly on the primary sedimentary sequence of the basin.

Lateral changes in the sedimentary sequence of the same basin must then
also be followed by tectonical changes. Eastwards from the section which
we chose (no. 12 of OBERHOLZER) the importance of the Lias-Dogger
members decreases, consequently the Axen sheet disappears and the Upper
Helv. sheets take over its function and become considerably broader in
the Séntis Mountains. The disappearance of the Permian sediments West-
wards mark the disappearance of the Miirtschen sheet and strong reduction
of the Glarner sheet, the Axen sheet gaining in importance together with
the growing mass of Liassic limestones.

The dependency of the tectonical units of the original sedimentary
sequence is so clearly demonstrated in the instance of the Glarner Alps.
‘that I am confident that also elsewhere this line of research will throw
unexpected light on the tectonical development of the origin of simple
folds and thrustsheets.

HI. 5. The development of a thrustfault out of an asymmetric anticline
and eventually to a thrustsheet is a mechanical problem.

ALBERT HEIM largely guided by the structural features of the Santis Mts
in Northern Switzerland assumed that the thrustfaults were due to the
extreme attenuation of the middle limb of a recumbent fold, BUXTORF
(1916), familiar with the Jura Mts supposed on the contrary that a reverse
fault gradually develops into a thrustfaulted anticline. He founded his
opposition to HEIM's theory mainly on the fact that nowhere in the Jura Mts
and neither in the Helvetian thrustsheets a single clear instance of a
recumbent middle limb is known. The thrustplanes of the Helvetian
thrustsheets follow over long distances the bottom of a single stratigraphical
horizon, occasionally cutting obliquely through a part of the sedimentary
series, but everywhere the lowest stratigraphical member of the upper
sheet reposes directly on the stratigraphical highest member of the under-
lying tectonical unit. Sometimes the thrustplane is marked by a mylonite
as the Lochsteinlimestone, but as often as not even a mylonite is absent,

The reasoning of BUXTORF would be sound, if we did not see in many
instances, even in the Jura Mts, how an asymmetric anticline in lateral
direction develops into an overthrusted one. It is difficult to understand
how a primary reverse fault could ever develop in an unbroken anticline.

The logical conclusion of these facts is that the original structure was
an asymmetric anticline, but the thrustplane coming into existence long
before the fold has reached the recumbent state.

The necessity of overthrusting in a relatively early stage of folding is
easily understood when we continue to apply the laws of concentricity and
retention of volume.
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In fig. 5 and the calculation of r, where r is the maximum thickness of
pure concentricity, we have shown that only the upper half of the sedi-
mentary series can be folded strictly concentrically. As soon as an extra
steepening of one flank, due to the tendency of more equal loading of
the uplift, happens, the radius of the curve at that place is decreased
considerably e.g. the centre 0, (fig. 13) is replaced there by the centre 0.
The lowest purely concentrically folded layer we call the lower concen~
tricity boundary, which in the latter case is the horizon running through 0.

When we compare two layers, 1; and 1g, 1, situated above 0y and 1,
below this point, both of the same thickness, it is obvious that the volume
of 1, has not changed during folding, but that of 15, as drawn in fig. 13

o,
Fig. 13. Conventional way of section Fig. 14. The origin of an overthrust due
construction, disregarding lack of space to lack of space in centre of anticline.

in centre of anticline.

has diminished by a considerable amount. This amount, hachured in fig. 13,
can easily be calculated and increases downwards,

The construction method of fig. 13 is obviously wrong, although it is
the usual way of construction (compare Busk, Earthflexures, Cambridge
1929).

What really happens is this, that in course of the steepening of the
dip in the left flank the centre 0y rises to the position of 0,, and every
layer it passes in its way upwards breaks through as it can no longer be
folded and retain its volume at the same time. Thus the reverse fault
originates just above centre 0, and follows the upward motion of the centre
(fig. 14). The initial thrustfault may be nearly vertical. The strata above,
and right of, the fault continue their folding movement, those left and
below the fault are successively stopped in their folding as soon as they
are ruptured. Finally the whole steep flank is broken by the fault along
the broken line of fig. 14. The initial shape of the thrustfault is disclosed
in every well developed front of thrustsheet, and always it cuts nearly
perpendicular to the stratification through the sedimentary sequence, until
it has found its gliding horizon. (Compare the Grenchenberg fold, fig. 15,
plate 1).

We notice that the original position of the lower concentricity boundary
and that of the gliding horizon determine the shape of the fold. When we
deduced in II. 3 the size of the fold from the total thickness, we agsumed

Proc. Kon. Ned. Akad. v. Wetensch., Amsterdam, Vol. XLII, 1939. 29




426

a sedimentary series gliding over its granitic substratum. But in view of
the predominant role of the position of the gliding horizon we must bear
in mind that the total thickness only means the thickness of strata folded
in one fold, and this thickness may be considerable less than the real
thickness of the whole of the sedimentary series overlying a basement rock,
Neither is it necessary that the highest concentrically folded horizon is
the top layer of a sedimentary series.

Important gliding horizons here and there in the whole series may,
and often will, separate horizontally the sedimentary series in tectonical
units, each following, on its own terms, the laws of concentric folding and
retention of volume, as shown by the superposed Helvetian sheets.

IV. 1. The principle that the depth affected by a fold can be calculated
by measuring the uplift and the shortening has been evolved by R. T.
CHAMBERLIN (1910). The difficulty for this author was the determination
of the shortening. When, as in our conception, the original length of a
layer has not changed we can measure the shortening accurately. In fig. 5
the shortening

s=AFA" —AHA" =a—0b,

The uplift, y, is equal to the surface of A’ FA” H A’ and can be mea-
sured from the section.

Obviously the product of depth affected by the folding, £, and the shor~
tening, a ~— b, should equal the uplift y if no compression takes place.

— _ Y
t-_.a—:g. R ()
The equation has the advantage that it can be applied to any reference
surface, but we must bear in mind that we always have to consider a
complete fold, measured from syncline to syncline. The curious way of
CHAMBERLIN to divide his wellknown Appalachian profile in arbritary
sections resulted in the wedgeshaped folded triangle.
In order to check the validity of the equation (6) a few folds will be
analysed,

IV. 2. The Grenchenberg and Graitery folds (fig. 15, plate 1), both
cut by the Grenchenberg tunnel (BUXTORF, 1916) offer us the advantage
that, the two folds being close neighbours, the calculated depth, £, calculated
for each fold separately, must be sensibly equal. In table I the results of

TABLE 1.
Graitery Grenchenberg Combined
Shortening a—b in m 1530 3060 4590
Uplift in m?2 1917000 3566700 5483700
Depth of fold £ in m 1253 1166 1195

!
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measurements and calculations are tabulated reference hor1zon being the
base of the Sequanien.

The same calculation was executed for the neighbouring section of the
Birscluse, the reference horizon being the top of the Hauptrogenstein some
150 m lower than the base of the Sequanien. The result is listed in table II,

TABLE II
Les Raimeux Vellerat Combined
a—b in m 840 580 1420
y in m2 848000 560000 1408000
¢t Hauptrogenstein in m 1010 965 992
t base of seq. in m 1180 1115 1142

‘
|
%
%
!
%
|
|
|
l
j;
]

The four independent values of ¢ compare very well, the extremes
differing less than 6 % from the average.

It would be preferable to check the equation on a fold where we know
by artificial or natural disclosures the actual depth of the basement,
however, no such fold is known to me where both surface structure and
basement rock are well enough disclosed, we will always have to compare
neighbouring sections, the one checking the other.

IV. 3. In the same way we can apply the theory to different sections
of the same anticline, showing varying shortening. This has been done by
analysing a structure explored to great extent by drilling 1). Fig. 16 shows
three sections, A, B and C, A and B being only some 600 m apart, C some
15 km further on the plunge of the same anticline.

The shape of the reference horizon, p, in sections A and B, is specially
well known. As can be seen on fig. 16 the top and bottom of this layer
have a totally different shape in the zone of the overthrust, still the lengths
differ very little, less than 1 % of the total length, proving to a certain
extent the concentricity of the folding.

In table III the results of the analysis have been listed.

In all these sections the position of the syncline was a matter of con-
jecture. In section A, the bottom of the syncline was drawn as high as
possible, resulting in a minimum value of both y and ¢. In section B, the
depth of syncline has been drawn more liberally, whilst in section C, the
depth was drawn at its probable depth according to that section itself."

Assuming the value of ¢ = 1050 m of section C to be the true folding

1) The author offers his thanks to the board of Directors of the Bat. Petr. Co for
the use he was allowed to make of their geological files. @

29*




428

TABLE Il

Section A Section B Section C

ref. hor. p ref. hor. p ref. hor. p

a 62506300 m 6450—6400 m 4500 m

b 4250 m 4200 m 3900 m
a—>b 2000—2050 m 22002250 m 600 m
Y 1.633.500 m? 2.014.000 m? 1.280.000 m?

£, 2100 m

£ 816 m 915 m 1050 m

depth, we can correct the measured values of uplift of sections A and B
by introducing this folding depth.

Y=Y +n(ab) . . . . . . . (7)

where n is the increase of folding depth, equal to 1050-—816 = 234 m for
section A, and 1050—915 = 135 m for section B.
We find:

Y’ section A = 2.101.500 m2
Y’ section B = 2.311.000 m2.

The value of the shortening, a—b, is hardly effected by increasing the
folding depth, both a and b being lengthened by roughly the same amount.

In sections A and B the anticline is strongly overthrusted, the amount
of overthrust being 1400 m in section A and 1550 m in section B, whereas
in section C the thrusting movement has only just begun and can probably
be disregarded.

Comparing the shortening in the three sections we see that the difference
in amount of shortening is exactly equal to the respective amounts of over~

thrusts, {Table IV).

TABLE 1V
Shorfening section A 600 -+ 1400 = 2000 m ‘ measured 2000 — 2050 m
Shortening section B

600 - 1550 = 2150 m l measured 2200 — 2250 m

From this feature we may conclude that section C represents an earlier
stade of compression than the sections A and B.

A continued compression of section C, would then necessarily result in
the shape of fold represented by sections A and B. When, m, is the increase
of shortening then the resulting uplift will be

Y=Y+tm . . . . . . . . (8)

.
b

N s

|
!

Fig. 16. Cross sections through a well explored anticline, based on drilling results.

uplift, ¥, of the reference horizon p in section C by multiplying the folding

depth ¢, = 1050 m by the shortening a—b = 600, we find
Y, in section C = 630.000 m2,

" Introducing this value of Y in eq. (8), and the values of 1400 m and
1550 m of m, for sections A and B respectively, we find:

Y’ section A = 2.100.000
Y’ section B = 2.257.500.

In table V the final comparison has been tabulated. €

,
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TABLE V

Section A Section B Difference

Y’ according to eq (7). 2101500 m? 2100000 m? 1500 m2 0.07 9/
Y according to eq. (8) 2311000 m? 2257500 m? | 53500 m2 29/,

The very close agreement we notice in tables IV en V is a warrant of
the validity of the theory.

We can conclude that without doubt the whole anticline has everywhere
the same folding depth.

The practical value of this conclusion is manifold viz.:

1st Intermediate sections, which are badly disclosed, can be partly recon-
structed by interpolating the values of ¥ and a—b; 2nd the folding depth
itself may be of considerable interest; 3rd the prognose of the tectonical
structure of the subsurface is much less a matter of conjecture because
the length a and the shortening are known beforehand.

We must bear in mind, however, that the lower part of a fold is not
necessarily folded concentrically. Already from the earliest start of the
fold a part of the formation situated below the concentricity boundary
must adopt itself to the available space, and this may be done by a
compression fold comparable to fig. 3, or by faulting.

BIBLIOGRAPHY.

CHAMBERLIN, R. T.. The Appalachian folds of Central Pennsylvania. Journ. Geol.
Vol. 18, 228--251 (1910).

BUXTORF: Prognosen und Befunde beim Hauensteinbasis und Grenckenbergtunnels und
die Bedeutung der letzteren fiir die Geologie des Juragebirges. Verh,
Naturf. Ges. Basel, Vol. 27 (1916).

ALBERT HEIM: Geologie der Schweiz (1922).

OBERHOLZER, J.: Geologie der Glarneralpen. Beitr. Geol. Karte d. Schw. N.F. 28. Bern
(1933).

PRUVOST: Bassin Houiller de la Sarre et de la Lorraine, III. Descrip. géologique. Lille
(1934).

DE SITTER, L. U.: Plastic deformation. Leidsche Geol. Med. IX, 10 (1937).

DE SITTER, L. U. and PH. H. KUENEN: Experimental investigation into the mechanism
of folding. idem, DI. X, 217—240 (1938).

Botany. — Some remarks on the mechanism of spiral growth of the
sporangiophore of Phycomyces and a suggestion for its f[urther
explanation. By A. N. J. HEvyN. (Communicated by Prof. G. van
ITERSON.)

(Communicated at the meeting of April 29, 1939.)

The spiral growth of the spore bearing cell of Phycomyces, as first
described by BURGEFF, 1915, and more especially studied by Oort, 1931,
has become a phenomenon of more general interest later on in relation to
the study of the mechanism of cell elongation.

During elongation this unicellular sporangiophore rotates round its long
axis, OORT and ROELOFSEN, 1932, were the first to endeavour to give an
explanation of the phenomenon. Referring to the old hypothesis of
DiprpEL, 1868, and VAN ITERSON, 1927, on the relation between proto-
plasmic streaming and the orientation of new particles in the cell wall,
these authors investigated whether a connection existed between the
phenomenon of rotation and the direction of protoplasmic streaming in the
spore bearing cell of this fungus. (A. Theory of protoplasmic streaming).

They were unsuccessful, however, in correlating protoplasmic streaming
and spiral growth, no oblique direction of streaming being observed in the
zone of elongation. These observations were confirmed later on by Por,
1938, who even described protoplasmic streaming as taking place always
in a direction parallel with the long axis of the organ in the elongating
zone. Pop, however, adheres to the theory of protoplasmic streaming as
the direction of streaming observed may in some undefined way result in
oblique orientation of cell wall molecules on account of the asymmetry of
the chitin molecules,

A study of the double refraction of the cell wall, by Oo0ORT and
ROELOFSEN, revealed, that the wall consists of three different layers. The
middle or main layer of the wall has positive birefringence, the long axis
of the index ellipsoid forming a small angle with the long axis of the wall,
Of the thin layer outside the main layer, the long axis of the index ellipsoid
is almost perpendicular to that of the middle layer. The birefringences of
these two layers compensate each other at a distance of about 2 mm from
the sporogonium (the zone of elongation also laying within these 2 mm).
Below these zones the birefringence of the middle layer preponderates,
whereas above it the birefringence of the outer layer predominates 1),

1) The conclusion of OORT and ROELOFSEN that in the older sporangiophore the
middle layer is even completely absent in the zone of elongation does not of necessity
follow from the optical data, as these data can be sufficiently explained by a less
complete crystalline structure of the middle layer in the growth zove (as it follows from
the X-ray observations to be referred to in the following).



