www.gsjournal.ir

Original Research Paper

Scientific Quarterly Journal, GEOSCIENCES, Vol. 33, Issue 3, Serial No. 129, Autumn 2023, pp. 97-110

Strain and vorticity analyses using chert nodules, a criterion for estimation of
bulk shortening in the Pyun anticline, Zagros, Iran

Babak Samani*!

' Department of Geology, Faculty of Earth Sciences, Shahid Chamran University of Ahvaz, Ahvaz, Iran

ARTICLE INFO

Article history:

Received: 2023 February 06
Accepted: : 2023 July 02

Available online: 2023 September 23

Keywords:

Strain

Kinematic vorticity number
Strain ellipsoid

Bulk shortening

Pyun anticline

1. Introduction

ABSTRACT

In this research, using deformed chert nodules in the calcareous units of Sarvak Formation in Pyun
anticline, quantitative strain values in different parts of this anticline have been investigated. In a
perpendicular fold axis survey, the anticline was divided into seven different areas. At least 40 nodules
were measured in each area and finite strain analysis was carried out using Rf/@ and polar methods.
The results of strain studies show an increase mode in strain values from the fold limbs (Rs = 1.7)
to the fold hinge (Rs = 2.9). Kinematic vorticity analysis shows the range between 0.68<Wk<0.91
and the effect of both simple and pure shear strain components and the occurrence of the strain
partitioning in the Pyun anticline. The amounts of kinematic vorticity number indicate the increase
of pure shear strain components in the hinge of anticline and the predominance of simple shear strain
components in the limbs of the Pyun anticline. According to the results of strain analyses the amounts

of bulk shortening was estimated about 47- 50 percent in the Pyun anticline.

Measurements of finite strain and determination of the strain
ellipsoid in naturally deformed rocks are important goals for many
structural geologists. The most important principle in the strain
analyses is finding of proper markers that help geologists for strain
studies. The key to strain analysis lies in finding objects with known
initial packing arrangement or features which enable final lengths
or angles to be calculated. Since then, a diversity of methodologies
has been proposed to estimate finite strain, such as the Rf/@
(Ramsay, 1967; Dunnet, 1969) and Fry methods (Fry, 1979). They

use the shape (Rf/@ method) and distribution (Fry method) of
objects (e.g., deformed ooids, pebbles of deformed conglomerate,
and deformed fossils) or of points (e.g., quartz grain centers in
quartzite). All methods that apply object or point displacement try
to estimate the amount of tectonic strain and changes in shape and
orientation of the strain ellipse/ellipsoid in 2D and 3D, respectively.
Two-dimensional finite strain can be completely described by three
numbers which represent the orientations and magnitudes of the

strain ellipse. Strain magnitude can be expressed as two principal
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stretch values, or a strain ratio and area change. For a full description
of homogeneous 3D finite strain, six numbers are needed: three to
describe the orientation of the strain ellipsoid, and three to describe
strain magnitude. Strain magnitude can be expressed by the three
principal stretch values, or by two strain ratios and volume change.
Ramsay and Huber (1983, p.198) suggested four approaches that
can be used to determine the 3D geometry of the strain ellipsoid
from 2D strain ellipse data, among which the approach using two
strain ellipses parallel to the principal planes is the most practical.
Recently, the use of different graphical functions to understand the
three-dimensional nature of strain from two-dimensional studies has
been considered by many researchers (Ramsay and Huber, 1983;
Vital and Mazzoli, 2008; Imber et al., 2012; Fossen, 2016). Many
investigations have focused on the strain and vorticity analyses
within the Sanandaj—Sirjan metamorphic belt (Sarkarinejad, 2007,
Sarkarinejad et al., 2008; Sarkarinejad et al., 2016), but strain
studies in the unmetamorphosed sedimentary rocks of the Zagros
Fold-and-Thrust Belt have not been undertaken, particularly in the
limestones in the present-day foreland of the Zagros orogeny. In
many cases, because of no existence of suitable strain markers in
the limestons, structural geologists encountered some limitations
in strain studies. In this research, using deformed chert nodules as
strain markers, it has been tried to quantify the strain and vorticity
variations in the calcareous units of Sarvak Formation of Pyun
anticline in the Zagros Fold-and-Thrust Belt. Finally the results of
strain studies have been used as a criterion for determination of
shortening amounts related to the deformation and folding in the

Pyun anticline.

2. Research methodology

In this research, deformed chert nodules in the Sarvak limestone
Formation have been studied as strain markers. The deformed
chert nodules in this anticline have created suitable conditions for
quantitative analysis of various strain parameters. The anticline was
divided into seven different areas and detailed sampling for strain
analysis was carried out along a narrow section across the anticline
axis. At least 40 aspect ratios and long axis orientation of chert
nodules were measured in each area. With application of EllipsFit
software, the tectonic strain values (Rs) and the mean long axis
orientations of strain ellipse were calculated using the Rf/@ and the
polar methods. Using the tectonic strain value and the direction of
long axis of strain ellipsoid respect to a reference line (0 angle), the
amounts of shear strain and strain ellipsoid shape factor (K) were
determined using (Rxz-0-K-y) nomogram (Fossen, 2010). Also
the amounts of kinematic vorticity number were determined with
application of (Rxz-0) nomogram (Bailey et al., 1999). In this study,
it is assumed that the volumetric strain values are minimal and

the measurements were made on the XZ principal plane of strain

ellipsoid. Field observations indicate the lack of prominent tensile
veins and stylolithic structures, which indicates low volumetric
strain values. Also, the observation of the removed nodules and the
trace of the cavities of the nodules show that the measurements of
the dimensional ratio of the nodules have been done with relatively
good accuracy in the maximum and minimum principal plane of

strain ellipsoid.

3. Results and Discussion

Structural geologists deal with the end products of progressive
deformation in the naturally deformed rocks; therefore they have
used several techniques for finite strain analysis (Ramsay and
Hubber, 1983).The Rf/@ method has been used for strain analysis
for objects that have a primary spherical or elliptical shape. If the
markers have an initial ellipticity before deformation, the resulting
ellipticity can be separated from the original ellipticity and the
strain can be measured (Twiss and Moores, 2004).The Rf/@ method
makes it possible to calculate the tectonic strain (Rs) by measuring
the final ellipticity of the markers (Rf) and their orientations. The
tectonic strain (Rs=1) in the undeformed state. The anticline was
divided into seven different areas and data collected was carried
out along a narrow section perpendicular to the fold axis direction.
Measurements and photograph preparation were made in each area.
Atleast, forty aspect ratios and long axis direction of nodules relative
to a reference direction (anticline axis direction) were measured for
each area. Using EllipsFit 3.4 software and application of Rf/@
(Ramsay and Huber, 1983) and polar (Volmer, 2011) methods with
drawing the best enclosed ellipse the amounts of tectonic strain
were calculated in each area. Since different methods of strain
analysis may provide different results and values, it is better to
consider the mean values of different methods as the final value
of tectonic strain (Xypolyas, 2010; Fossen, 2016). As mentioned
in this study, the orientation of the long axis of nodules (angle @)
relative to a reference direction (fold axis) was measured. Finally,
the mean orientation of strain markers at each station relative to
the reference direction (angle 0) and tectonic strain values (Rxz)
were calculated by the software. Table 1 shows the tectonic strain
values and the orientation of the long axis of the strain ellipsoid
(angle 0). The amounts of shear strain and the strain ellipsoid shape
parameter (K) were determined with application of Rxz-0-K-y
graphical function (Fossen, 2016). According to the range of the
strain ellipsoid shape parameter (1.1<K<1.4), it can be founded that
the 3-D nature of the strain ellipsoid shows the three axial prolate
strain ellipsoid shape. Application of some graphical functions
(Bailey et al., 1999; Jessup et al., 2007; Xypolias, 2010) can be
used as simple and fast methods in vorticity measurements. In this
research, using Rxz-0 graphical function (Bailey et al., 1999) the

vorticity values for different domains were determined. The results
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show variation of the kinematic vorticity number value between
0.68 <Wk <0.91. These results indicate the occurrence of strain
partitioning and simultaneous operation of pure and simple shear
components in the evolution and formation of the Pyun anticline.
Determining the percentage amounts of pure and simple shear
indicates the occurrence of 28 to 58% of the pure shear component
and 45 to 72% of the simple shear component in the study area.
Therefore, it can be found that general shear components have

made important role in the folding processes of the Pyun anticline.

4.Conclusion

The results of finite strain analysis in Pyun anticline using chert
nodule markers show different amounts of tectonic strain in
different parts of this anticline. The tectonic strain values obtained
using the Rf/@ method show the change in Rs values in the range
of 1.7 to 2.9. The results show an increase of tectonic strain values
from the limbs to the fold hinge. This increasing pattern of the strain
values from the limbs to the fold hinge can be related to the increase

of the bending component in the hinge area compared to the other
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parts. Kinematic vorticity values shows the range between 0.68 to
0.91 and indicate the simultaneous operation of both simple and
pure shear components and the occurrence of strain partitioning in
the structural evolution of the Pyun anticline. The spatial variation
pattern of the kinematic vorticity number is such that the hinge
folds show smaller values than the fold limbs. The lower values of
the kinematic vorticity number in the hinge of anticline indicate the
predominance of the pure shear component compared to the simple
shear component in this part of the anticline. Also, higher values
of Wk in the limbs of Pyun anticline indicate the predominance of
simple shear component in these areas compared to the axial parts
and anticline hinge. Since the flexural slip mechanism represents
larger amounts of simple shear component in the fold limbs than
the fold hinge, it is likely that this vorticity spatial pattern and
higher values of this parameter in the limbs parts can be related to
operation of flexural slip mechanism in the structural evolution of
the Pyun anticline. According to the results of strain analyses the
amounts of bulk shortening was estimated about 47- 50 percent in

the Pyun anticline.
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Figure 3. Deformed chert nodules in the limestone rocks of Sarvak Formation.
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Figure 4. Rf/@ and polar plots for the seven different parts of the Pyun anticline.
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average amounts of long axis of strain ellipsoid respect to the reference line () along the study direction.
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Table 1. The amounts of tectonic strain, kinematic vorticity number and the

angle of long axes of strain ellipse respect to the fold axis.
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Figure 7. Application of Rxz-6 nomogram (Bailey et al., 1999) for

calculation of kinematic vorticity number.
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Figure 6. Determination of the shear strain and strain ellipsoid factor shape

with application of Rxz-0-k-y nomogram (Fossen, 2016).
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Figure 8. Determination the percentage amounts of pure and simple shear components.
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Figure 9. Determination of stretching and percent of shortening along the study direction in the Pyun anticline.
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Figure 10. Determination the amounts of shortening using balanced cross section in the Pyun anticline.
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Figure 11. Map of tectonic strain and kinematic vorticity variations along study direction in the Pyun anticline.
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