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through rainwater impounding alone will be effective to
reclaim the tsunami-affected agricultural lands'®. Hence,
agricultural lands under situation I can be easily reclai-
med considering the higher annual rainfall (>3000 mm),
which can be effectively used for leaching out the accu-
mulated salts. However, the areas under situation II re-
quire construction of raised embankments along with
sluice gates, which will regulate the ingress of sea water
in these areas. It will restrict the entry of sea water into
the field during high tide and will allow the drainage of
rainwater from the field, which may collect during the
rainy season during low tide. In case of situation III
(Permanent stagnation of sea water and depth of im-
pounding increases with high tide), it has been envisaged
that brackish-water aquaculture would be an alternative
livelihood option.

Besides these, a set of agronomic management pra-
ctices as enlisted below may be followed for effective re-
habilitation of salt-affected soils.

e Selection and raising of salt-tolerant varieties of crops
like rice, sugarcane, sorghum, watermelon and forage
crops like karnal grass (Diplachne fusca) and para
grass (Brachiaria mutica), and green manure crop like
Sesbania sp.

e Selection of suitable crop rotation like rice—water-
melon, rice—maize, rice—sorghum, rice—vegetables,
rice—sugar beet and rice—forage crops.

e Adoption of broad bed and furrow system of land
manipulation in the affected areas

e Application of higher dose of farmyard manure
(FYM) to improve the physical condition of the soil
and drainage.

e In case of rice, transplanting of aged seedlings of salt-
tolerant variety and increased number of seedlings (4—
6) per hill.

e Sowing seeds in the furrows or two-thirds from the
top of the ridge.

e For wide-spaced crops like vegetables, adoption of the
pit system of planting by replacing the salt-affected
soil with a mixture of normal soil and FYM.

e Adoption of frequent light irrigation.

e Adoption of drip irrigation or pitcher irrigation for
high-value crops.

e Application of higher dose of NPK than the recom-
mended dose, and

e Adoption of auger hole technique for planting tree
species in salt-affected areas.
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Intensity of shape preferred
orientation in a granite and its
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The present study deals with the measurement of in-
tensity of shape preferred orientation in the Palaeo-
proterozoic Malanjkhand Granite (Central India).
This intensity is measured by calculating the strength
of mineral lineation of biotite (&j;). The NE-SW strik-
ing Central Indian Suture (CIS) that was formed by
the collision of the Bundelkhand and Bastar cratons
lies to the north of the granite and x; was calculated
in 11 samples collected at varying distances from the
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CIS. The data indicate that x;; increases towards the
CIS. Therefore, it is concluded that tectonic events asso-
ciated with the CIS have influenced fabric deve-
lopment in the Malanjkhand Granite. Previous studies
about the timing of formation of the CIS are described
and the time-relationship between fabric development
in the Malanjkhand Granite and regional tectonics is
discussed.
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STUDIES on granites during the past few decades have
revealed that many granitic plutons emplace and develop
fabrics synchronously with regional deformation'?. Also,
emplacement of several granite plutons is known to be
associated with transpressional tectonics, evolution of
shear zones or tectonic rejuvenation of existing shear
zones’ . In India, the Godhra Granite in the Aravalli
Mountain Belt is known to have emplaced syntectonically
with the Grenvillian-age tectonic rejuvenation of the Cen-
tral Indian Tectonic Zone (CITZ) that lies to the south of
the granite®. Analysis of deformation fabric using aniso-
tropy of magnetic susceptibility (AMS) as well as inten-
sity of shape preferred orientation (SPO) in the Godhra
Granite has revealed that strain in the granite is higher in
samples proximal to the CITZ"®. Thus, it is known that
the intensity of SPO can vary in granitic plutons, which
can be linked to regional strain intensity variations.

In the present study, the intensity of SPO was measured
in the Malanjkhand Granite (Central India), which is
~2.48 Ga in age’. It is a grey granite in which quartz, pla-
gioclase, K-feldspar, biotite and sometimes hornblende
are the main minerals, while sphene, pyrite, magnetite,
ilmenite and zircon occur as accessory minerals. The
granite has proximity to the Central Indian Suture (CIS)
that lies to its north (Figure 1). The CIS forms the south-
ern boundary of the CITZ that is known to have formed
by the accretion of the Bundelkhand and Bastar cratons'’.
According to few workers, the CITZ evolved between 2.4
and 1.8 Ga, and experienced at least three tectonothermal
events at ~1.8, ~1.5 and ~1.0 Ga. Each event was charac-
terized by collisional tectonism and crustal recycling''
and the final suturing of the Bundelkhand and Bastar cra-
tons occurred at ~1.5 Ga. However, palacomagnetic stud-
ies'>" indicate that the CIS formed between 2.5 and
1.8 Ga. Since the Malanjkhand Granite lies to the south
of the CIS and its age is ~2.48 Ga, it is likely that the fabric
in the granite has been influenced by the tectonic evolu-
tion of the CIS’.

In the vicinity of the CIS, mylonites are recorded in the
granite. Similar mylonites are absent in the central and
southern parts of the granite. Central parts of the granite
show preferentially oriented feldspar laths, which indi-
cates fabric development in the magmatic state'*". Mi-
crostructural studies of rocks from the central part of the
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granite reveal the presence of high-T solid-state deforma-
tion fabrics, such as chess-board pattern in quartz'®'"’. In
contrast, the northern part of the granite shows low-T fab-
rics, such as bulging grain boundaries in quartz'®. Thus,
there is a superimposition of low-T over high-T fabrics in
the granite, which is prominent in the northern part; the
latter has proximity to the CIS. The above field and micro-
structural evidences indicate that there could be a rela-
tionship between fabric development in the Malanjkhand
Granite and tectonic events associated with CIS forma-
tion. However, this time-relationship was not investigated
in the past. In the present study, the intensity of SPO was
measured in several Malanjkhand Granite samples collected
at varying distances from the CIS, to draw inferences
about the above-mentioned time-relationship.

To fulfill the above objective, a total of 11 oriented
granite samples were selected along a NW-SE-oriented
corridor within the Malanjkhand Granite (Figure 15).
This corridor is oriented perpendicular to the strike of the
CIS, which is NE-SW, and the samples were located at
varying distances from the CIS (Figure 2). Thin sections
parallel to the magnetic foliation plane were prepared for
each sample. The former was identified through anisotropy
of magnetic susceptibility investigations of the samples.
The intensity of SPO was quantified by calculating the
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Figure 1. a, Map of India highlighting the position of Malanjkhand
Granite (M) that lies to the south of the Central Indian Tectonic Zone
(CITZ). The northern and southern margins of the latter are demarcated
by the Son-Narmada—North—Fault (SNNF) and the Central Indian Su-
ture {CIS) respectively. BKC and BC represent Bundelkhand craton
and Bastar craton respectively, that accreted during the Palaeoprotero-
zoic and led to formation of the CITZ'. b, General geological map of
the area around Malanjkhand Granite (Jain et al?’). The rectangular
box in the Malanjkhand Granite highlights the NW-SE-oriented corri-
dor within which detailed sampling has been done for the present study.
The sample locations along this corridor are shown in Figure 2. 1, Un-
classified gneiss and granite; 2, Mahakoshal Group; 3, Malanjkhand
Granite and equivalents; 4, Dongargarh granite and equivalents; 5,
Sausar Group; 6, Sakoli Group; 7, Granulites of Sausar belt; 8, Chilpi
Group; 9, Nandgaon Group; 10, Khairagarh Group; 11, Chhatishgarh
Group; 12, Deccan Basalt flows and intrusives, and 13, Laterite and
bauxite.

157



RESEARCH COMMUNICATIONS

strength of mineral lineation defined by biotite grains in
the granite thin sections. This was done by calculating the
concentration parameter for biotite grains (xj;) using the
Excel Worksheet of Piazolo and Passchier'”. Statistical
details about the concentration parameter (k) have been
provided in earlier studies'”?°. The following procedure
was followed. A frame in plane-polarized light from an
oriented thin section was captured using a Leica DFC-
320 digital camera attached to a Leica DMLP research
microscope. Using Leica Qwin software, biotite grains in
the frame were binarized, and the angle (&) between the
longest axis of each biotite and E-W axis of the micro-
scope stage was automatically determined (Figure 3). The
aspect ratio (long to short axis ratio, Ry;) of each bi-
narized biotite was also determined using the same soft-
ware. To have a statistically significant number of biotite
grains from every sample (thin section), it was necessary
to capture several frames without changing the orienta-
tion of the slide with reference to the E-W axis of the
microscope stage. Since the thin section was fitted within
an XY-object guide on the microscope stage, an identical
orientation was maintained while capturing various
frames from the same thin section. The above procedure
of binarizing biotite grains followed by measurement of o
and Ry; was repeated for every frame. The results are
given in Table 1.

According to Piazolo and Passchier”, if x; >0.20,
then the rock can be considered to have a statistically
significant mineral lineation (SPO). As shown in Table 1
and Figure 4 a, all the 11 granite samples investigated in
the present study have xi,; > 0.20, and thus have a signifi-
cant SPO. The exact perpendicular distance of each sam-

Figure 2. Map showing locations of samples in the Malanjkhand
Granite in which shape preferred orientation analyses were done by
measuring the strength of biotite mineral lineation.
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ple from the CIS (D) is listed in Table 1. To evaluate the
variation in ky,; with increasing distance from the CIS, the
authors have prepared a D, vs ky; plot (Figure 4 b). ki,
was found to increase with a decrease in D.. Thus, there
is a negative correlation between &, and D,. To determine
the significance of this correlation, the authors have cal-
culated the Pearson’s product moment correlation coeffi-
cient (r) for the D, vs ky; plot. A value of 0.692 was
obtained for the same. Since the number of samples (n) is
11, the degree of freedom is 9 (n — 2). With this value of
degree of freedom, a minimum theoretical » value of
0.602 is necessary to consider the correlation as statisti-
cally significant at 95% confidence level (calculated using
the url: http:/secamlocal.ex.ac.uk/people/staff/dbs202/cat/
stats/corr.html). Since the » value for the D, vs &, plot is
0.692 (i.e. > the theoretical » of 0.602 at 95% confidence
level), it is concluded that the correlation is statistically
significant and cannot be considered to be on account of
chance. Since the northern part of the Malanjkhand Gran-
ite has proximity to the CIS, it is logical to infer that the
former underwent greater strain. Therefore, the increase
in SPO towards the CIS is inferred to be on account of
increasing strain.

Data related to aspect ratio of biotite (Ry;) grains in the
11 samples analysed are listed in Table 1. The sample
closest to the CIS has a median Ry; value of 2.1, while the
sample farthest from the CIS has a median R,; of 1.5.
Figure 4 ¢ is a k;,; vs median Ry; plot. The correlation co-
efficient of the same is 0.76 and it indicates the tendency
of biotite grains to become more elongated towards the
CIS. This is also inferred to indicate greater strain in the
samples proximal to the CIS. It is known that competent
elliptical objects having aspect ratio (R) =3 get more
strained than circular objects with the same viscosity”'.
As a consequence, under a given bulk strain, objects with
R >3 develop a stronger SPO than shorter grains. How-
ever, as noted from Table 1, in the present case of biotite
grains from the Malanjkhand Granite, the mean as well as
median Ry; for each sample are much lower than 3 and
mostly <2. Therefore, the role of aspect ratio in causing
difference in SPO in different parts of the granite is con-

Figure 3. a, Photomicrograph of a biotite grain in a thin section of
Malanjkhand Granite. The outline of the grain has been highlighted. b,
Binarized biotite grain shown in {@). «is the angle between the E-W
axis (solid line) of the microscope stage and longest axis of the biotite
grain (dashed line). & was measured automatically for each binarized
biotite grain using Leica Qwin software.
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Table 1. Biotite shape preferred orientation data from the Malanjkhand Granite
Ry
Sample no. n D, (km) Kb Mean-Ry,; SD Median-R;
115 40 08.10 1.121 2.20 0.61 2.1
119 62 09.00 0.605 1.87 0.57 1.8
110 85 09.50 0.799 2.03 0.61 1.9
38 27 14.90 0.623 1.74 0.38 1.6
10 50 18.00 0.311 1.77 0.49 1.7
108 35 22.05 0.429 1.71 0.63 1.5
96 34 24.30 0.480 1.76 0.40 1.8
69 47 25.20 0.478 1.50 0.32 1.4
70 29 28.80 0.579 1.60 0.37 1.5
87 44 31.81 0.370 1.70 0.42 1.5
89 46 33.18 0.411 1.70 0.46 1.5

n, Number of biotite grains studied in each sample. D,, Distance of each sample from the CIS. xi;, Strength of
mineral lineation defined by biotite. Ry,;, Aspect ratio of biotite.
The statistical mean with standard deviation (SD) and median of R,; are also tabulated.
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Figure 4. a, Map showing values of strength of mineral lineation { &)
for the 11 samples analysed in the present study. b, D, vs k; plot for
the samples analysed, where D, is the distance of a sample from the
CIS measured perpendicular to the strike of the CIS. ¢, &;,; vs median
Ry; plot for the analysed samples. The linear regression line is shown in
red. The Pearson’s product moment correlation coefficient (r) and its
standard deviation (sd) are also shown.

sidered negligible and strain associated with tectonic
events in the vicinity of CIS is considered the dominant
factor responsible for high SPO in the northern part of the
Malanjkhand Granite. This also implies that the increase
in k& towards the CIS leads to identification of increasing
strain towards the CIS. Thus, the tectonic events that led
to the formation/rejuvenation of the CIS have influenced
fabric development in the Malanjkhand Granite.

The present study also leads to a better understanding
of regional Proterozoic tectonic events that occurred in
Central India. As discussed earlier, the timing of CIS for-
mation has been debated in the past. Palacomagnetic
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measurements on 1800 and 2500 Ma volcanics that lie to
the north and south of the CIS revealed a similar pole
position for the rocks of 1800 Ma and different pole posi-
tion for the rocks of 2500 Ma, thus leading to the conclu-
sion'*!? that the collision between the Bundelkhand and
Bastar cratons took place between 2500 and 1800 Ma. In
contrast, some studies have concluded that the formation
of CIS took place during the ~1.5 Ga tectonothermal
events that occurred along the CITZ!'. Since the granite
has magmatic fabrics (preferentially oriented feldspar
laths) and high-T solid-state deformation fabrics (chess-
board pattern in quartz), it can be concluded that the em-
placement and initial fabric development in the granite
was synchronous with regional tectonics. Since the age of
the granite is ~2.48 Ga and the accretion of Bundelkhand
and Bastar cratons also initiated during the Palaeopro-
terozoic, it is inferred that the initial high-T fabric deve-
lopment in the granite was synchronous with initiation of
the above accretion. However, there is a superimposition
of low-T over high-T fabric in the granite (particularly
northern part that is close to CIS) and the intensity of
SPO also increases towards the CIS. In light of the uncer-
tain timing of CIS formation, two possible tectonic sce-
narios can be discussed.

First, the granite emplaced at ~2.48 Ga and developed
high-T followed by low-T fabrics in a continuum. It is
known that large, igneous intrusions cool on a timescale
which is shorter than 10° years after emplacement™.
Therefore, if low-T fabric developed in a continuum fol-
lowing high-T fabric development, then the process
would have been completed within the Palaeoproterozoic
itself. Because the SPO intensity as well as low-T fabric
increase towards the CIS, this would imply that the for-
mation of CIS would have occurred in the Palasoprotero-
zoic. This inference would support the findings based on
palacomagnetic studies'>'” that the CIS formed between
2.5 and 1.8 Ga.
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Second, the granite emplaced and solidified around
~2.48 Ga synchronously with the initial accretionary
process associated with the evolution of the CITZ. At this
stage high-T fabrics dominated throughout the Malanj-
khand Granite. At a subsequent stage (and age), the gran-
ite was remobilized during which low-T fabrics super-
imposed on the high-T fabrics. From previous studies
tectonothermal events at ~1.8, ~1.5 and ~1.1 Ga are
known from the CITZ, and the CIS is known to have de-
veloped during the 1.5 Ga event'!. Therefore, if the sec-
ond possibility was correct, then the superimposition of
low-T over high-T fabric and mylonitization in the north-
ern part of the granite would have taken place in the
Mesoproterozoic. Thus, the timing of CIS formation
needs to be better constrained, for which further geochro-
nological investigation of the rocks in the vicinity of CIS
is necessary.
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