Lecture 10

Mechanism of Fold Formation

Every geologist mapping or describing folds in the field probably has the same question in mind: how did

these structures actually form?
As geologists we tend to look for a simple history or mechanism that can explain our observations

reasonably well.
In general three types of folding may be recognized,

but there are actually ideal limiting cases and transition and combinations are common.
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The outer part of the competent layer is stretched due subject to the tension stress while the inner part is shortened due
subject to the compression stress. The two parts are typically separated by a neutral surface ( Surface of no strain).

Surface of
no strain
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Behavior of rock beds:- :The response of rocks to stresses is in two forms:-

First, if the rocks are sufficiently plastic so that rupture does not occur,
The convex side will lengthen and the thin ,whereas the concave side will shorten and thicken.
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The Second ,is that if the rocks are brittle, they will be broken in a way that compensates for elongation at the
outer arc and for the compression in the inner arc. So either the normal faults &tension joints in the outer arg,
and reverse ,thrust faults in the inner arc. Or Accompany of ruptures in outer are and crumpling in inner arc.
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Normal faults

Reverse &Thrust faults
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Brittle deformation Combined ductile &brittle
3 Dr.Rabeea Znad



Ductile beds Brittle beds

Outer-arc

extension —> ===ty

Inner-arc
compression

The strain pattern of neutral-surface

folding in the fold profile plane.
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The unique feature of sedimentary rock is presence of bedding planes, therefore, the folding analogous the bedding of
a thick packages of paper ,and a very important factor is the sliding of beds past another.
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http://www.encyclopedia.com/science-and-technology/computers-and-electrical-engineering/computers-and-computing/slip#1O13slip

Flexural Folding

Flexural folding occurs where
there is significant mechanical

influence of layering in the rock.
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Flexural-slip folding
accommodates buckling by layer-
parallel slip between layers.
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you can think of this type of deformation as "Telephone book "deformation

Pages past each one another but individual pages don’t change dimension
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If the competent beds are separated by thin incompetent layers, voids initiated in the hinge zone,

may be place of valuable deposits such as gold, this structure called saddle reef
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Voids

Chevron folding of layers of finite thickness

~fiexural slif mechanism introduces voids in the hinge
black areas).
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In a shear fold several planes can be identified within a folded structure. This happens when the original horizontal strata

are broken into several blocks and the blocks move upward or downward. They form a fold when the central block shows
maximum displacement, with a gradually diminishing amount of movement towards the bordering blocks.

Such shear folds should always
be accompanied by visible fractures,
usually cleavage.
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Maximum upward movement in block B, movement diminishing towards both A and C
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Fig. 6-4. Cross sections illustrating shear folding. Hesvv Blkek The beds that originally had a length xz
line, xz, is a bedding plane. Inclined light lines are fractures. (A) have been stretched so that they now

Hefore displacement on fractures, (B) After displacement. (C)

Boecause of friction, beds tend to parallel the fractures. (D) Fold
fesults if bed maintains continuity.

have a length of xyz.

-

9 | ¢ (\t@r.Rabeea Znad |



Shear folding: Rocks are sheared unevenly like a deck of cards.

10

Inhomogeneously sheared
deck of cards

Unsheared deck
of cards

surface

Passive shear folding. A. A block of material,
including a marker layer (shaded black), cut by a set of shear
planes perpendicular to the layer. B. Folding by inhomogeneous
simple shear is approximated by “deck-of-cards” shear. The
axial surface of the fold is parallel to the shear planes. The
thickness of the layer parallel to the shear planes is constant.
The shape of the fold is exactly the same on the convex and

the concave sides of the folded layer.
Dr.Rabeea Znad

(A Al lple has A

like A Similar Fold



Cleavage:

A secondary fabric element, formed under low-temperature conditions,
that imparts to the rock a tendency to split along planes.
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:Flow folding (s all -3

When rock behaves as a fluid, as in the case of very weak rock such as rock salt, or any rock that is buried deeply
enough, it typically shows flow folding (also called passive folding, because little resistance is offered): the strata
appear shifted undistorted, assuming any shape impressed upon them by surrounding more rigid rocks.. Such folding
Is also a feature of many igneous intrusions and glacier ice
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Flow Folding: typically occurs in layers of low competence
The maximum thickness of the bed is at the hinge: the thickness is greatly reduced on the limbs.
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> Cleavage sets
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https://en.wikipedia.org/wiki/Glacier
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Distinguishing between three types of mechanism

Flexure, shear, and flow folds may be distinguished from one another by various criteria,
recognizing of course, the combinations may occur.
In flexure folds the beds, especially the competent beds tend to be the same thickness regardless of their

position on fold .
The incompetent beds may thin at the limbs and thicken at the hinges. Moreover , fossils and sedimentary

structural feature tend to be undistorted and maintain their original shape..
In the simplest cases of shear folding the slip planes are generally visible and the displaced beds have
a uniform thickness in all the blocks. But because of drag the beds may be stretched and become

thinner near the shear planes.

-The axial surface of fold is orthogonal with shear plane in flexural folds.
The axial surface of fold is parallel to the shear plane in shear folds.

Flow folding may usually be distinguished from flexure and shear folding because the thickness of

each bed is not constant.
The maximum thickness of the bed is at the hinge: the thickness is greatly reduced on the limbs.




-The axial surface of fold is almost orthogonal with shear plane in flexural folds.
The axial surface of fold is parallel to the shear plane in shear folds.
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N surface

Axial surface
A. Axial surface , Axial surface  C.

The orientation of the fold hinge for a passive
e cowre A,
shear fold is determined by the intersection of the shear directions could have any orientation in the shear ¢
planes with the original oriencation of the layer to be folded.

except parallel to the surface being folded. The orie . .
In A-C, the top diagram shows the relationship between the the fold hinge does not indicate the direction of shy FIeXU I’al SI I p fOId I ng
shear planes and rhe original orientation of the layer: the

bottem diagram shows the layer after folding. The

Shear folding
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Origin of folds
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Origin of Folds

Folds may be classified as tectonic or nontectonic.
those of tectonic origin result more or less directly from forces operating within the earth.
those of nontectonic origin are largely the result of superficial processes, often associated with erosion or deposition.

Tectonic origin

All previous studied folds are tectonic origin

They result from either:- Horizontal Compression ,we mean compressive force acting parallel to surface of the
earth. In other word ,the great principle stress axis is horizontal. As the most previous folding mechanism.

Or Vertical Movement some folds are the direct result of vertical movement, o
other are an indirect product.

Two main situation where folds merge due to vertical movement
Above reactivated faults et

The displacement is forced upon the sediments by fault movement on a preexisting ~ 7 K

basement fault, and the sediments are soft enough to respond by monoclinal folding (d ses .

Above shallow intrusions or salt diapirs

Forceful intrusion of shallow magma or salt diapirs can also bend roof layers
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Nontectonic folds

Processes operating at or near surface of the earth, especially in relation to erosion,
may cause deformation.

the resulting structural features are not only of interest in themselves,

but may confused by the unwary with tectonic features.
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Fig. 6-14. Hillside creep, looking north. (A) True attitude of
strata before hillside creep. (B) Same area as (A) after hillside
creep. (C) True attitude of strata before hillside creep. (D) Same

area as (C) after hillside creep.
May Greatly Modify The Attitude of Strata so that incompetent rocks such as shale dip into the hillside

In such area it may be necessary to have exposures five or ten
feet because data obtained at the surface may be very
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Folding by Gravity Sliding 30 @Y 3yG b

Sediment may slide for a number of reason:

-The slop on which deposition take place may be inclined.

-Slight tilting ,excessive local deposition.

-Earthquake may set masses of mud or ooze into motion.

-local subaqueous erosion may leave the beds with inadequate support.
-large slide may even be related to contemporaneous faulting.

o Foldin_g by gravity sliding. (A) Before sliding. (B)
After sliding. x, width of strata before folding. y, width of folded

belt after sliding. g, gap | idi
5 d. g. gap left a;cr'FgEegaezrngnd after sliding of block.



Collapse structure g s 35

Collapse Structures are type of gravity sliding
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Collapse structures. (A) Landslide simulating klippe.(Klippe): An erosional remnant of a thrust nappe.

(B) Recumbent fold. (C) Folds caused by gravity sliding.

A

B.Simulate a recumbent fold formed under true tectonic condition.
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Differential compaction of sediments
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Solution Jxilall

Solution of a chemically deposit formation may produce large structural features.

Calcium sulfate is most commonly precipitated from evaporating water as anhydrite .(CaSo4)
water subsequently added to convert the anhydrite into gypsum (CaSo4.2H,0)

and the increase volume is approximately 40 percent.

if the beds are flat —lying and if all the expansion takes place upward,

the beds thicken, but no folds develop . if, however , much of the expansion is horizontal,
compressive forces are set up and folding ensues.

the resulting folds are small , with a height of only a fraction of an inch, or at the most a few feet.
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Synsedimentary folds cue il e ddal jiall il

Fig. 1.2a Synsedimentary (Slump) fold in sandstone. Note the absence of fractures, veins, and
clcavagc. Dr.Rabeea Znad
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Fig.1.2c Recumbent Synsedimentary (Slump) fold in siltstones with the development of a weak

flat-lying cleavage (cl).
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