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Abstract In this study, we report for the first time an Early
Palaeozoic basement diorite from the drilled well Nirona-A
in the Banni Half-Graben of the Kutch basin, western
India. The *°Ar—*’Ar dates provided a plateau age of
441.84 £ 2.66 Ma and another pseudo plateau of
441.28 £+ 5.82 to 388.08 + 16.65 Ma for the basement
diorite. These ages constrain the basement formation age to
the Late Ordovician-Early Silurian period. The obtained
basement ages are correlatable with the later part of
Cambro-Ordovician alkaline magmatism that has been
reported from the Huqf area in Central Oman, whereas
their lithological and petrographic correlativity with base-
ment diorites occurring in the Dinsi Body of Nagar Parkar
igneous complex in Pakistan can also be envisaged. The
geochemical studies characterized the diorite with enrich-
ment of LILE (Rb, Ba, and K) and LREE (La, Ce, Nd),
strong depletion of HFSE (Nb, Sr, P, and Ti), along with
weakly negative Eu anomalies. The geochemical signatures
indicate their petrogenetic affiliation with mantle-derived
magmas, as well as their tectonic setting to be arc-related,
having post-collisional continental-arc type affinity. The
~ 440 Ma basement of Kutch, therefore, appears to rep-
resent the later thermal event associated with the reworked
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Neoproterozoic subduction-related suite from Greater
India’s northwest edge, which has implications for Gond-
wana assembly in the northwest Indian subcontinent.
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1 Introduction and geological setting

The Kutch basin is located at the southern edge of the Indus
shelf, at right angles to the southern Indus fossil rift, on the
western continental margin of India (Zaigham and Mallick
2000; Biswas 2005). The basin was initially formed during
the Late Triassic period and is bounded to the north by the
Nagar Parkar ridge, to the east by the Radhanpura-Barmer
arch, and to the south by the Kathiawar uplift (Biswas
1980, 1987, 2005) (Fig. 1). The Kutch rift basin area is
composed of relatively thick Quaternary and Mesozoic
sediments (Biswas 1987; Singh et al. 1997; Gupta et al.
2001) with an E-W trend (Biswas 1987). The average
sediment thickness in the southern coastal region is around
6 km, while it drops to 2 km beneath northern Kutch
(Gupta et al. 2001; Reddy et al. 2001). The evolution of the
basin was related to the rifting of both the Indian and
African plates in the Late Triassic to Early Jurassic; rifting
was initiated along the Delhi Trend (east to west), with
resulting subsidence of the block between the Nagar Parker
fault in the north and the North Kathiawar fault in the south
(Biswas 1980, 1987). However, the existence of the Kutch
rift system has been questioned in some recent studies (e.g.,
Siawal et al. 2019), which support the continuity of the
Kutch basin with the South Indus shelf, with Saurashtra
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Fig. 1 Geological map of Kutch basin showing the location of studied well Nirona-A (after Biswas 2005)

being the eastern margin of the basin, thus proposing their
basements to be continuous.

The Kutch basin slopes toward WSW and is character-
ized by numerous Late Cretaceous uplifts with associated
plutonic bodies and intervening Tertiary basins. (Biswas
1987) (Fig. 1). The Deccan traps in the basin are restricted
toward the southern part of the Kutch mainland between
Lakhpat in the west and Anjar in the east. The Kutch
Onland Basin contains four subparallel ridges or positive
topographic elements: Nagar Parkar-Tharad, the Island
Belt, Wagad, and the Kutch Mainland, as well as five
principal faults: the Nagar Parkar fault, the Island Belt
fault, the South Wagad fault, the Kutch Mainland fault, and
the North Kathiawar fault (Biswas 1987; Mathew et al.
2006) (Fig. 1).

Several Mesozoic sequence inliers appear as ‘islands’ in
the eastern Rann of Kutch: Patcham, Bela, Kadir in the
north, and Wagad along its axial portion, followed by a
narrow-complicated basin. This half-graben sub-basin is
deepened due west by a significant eastward fault in the
north and the Kutch Mainland fault. Karanth and Gadhavi
(2007) referred to the Kutch Mainland fault as the ‘Banni
Footwall Syncline’ or the ‘Banni Half Graben’. The
Mesozoic series, which includes the coarse clastics, lime-
stone, marlstone, and shales, lie on the Precambrian bed-
rock in the Banni Half Graben, followed by the Tertiary
sequence. A notable aspect of this block is the absence of

the Deccan Trap in the subsurface (well data) or in expo-
sure and contains the oldest known Mesozoics. The base-
ment has been discovered in two drilled wells, Banni-B and
Nirona-A, located on the northern and southern edges of
the Banni Half Graben, respectively. The lithology of the
subsurface core recovered from well Banni-B is granitic-
porphyry, aplite, and rhyolitic, whereas the lithology of the
subsurface core obtained from well Nirona-A is dioritic.

In this paper, we present the first report of a Cambro-
Ordovician basement diorite encountered in the drilled
basement of well Nirona-A in the Banni Half-Graben of the
Kutch basin, based on *°’Ar—*°Ar dating and geochemical
characterization of the recovered basement core. New data
reported in this paper also provide evidence of continental
arc-type magmatism in the studied basement, which may
have geochronological and petrogenetic constraints and
implications for Gondwana assembly for the northwestern
Indian subcontinent.

2 Sample details

The sample under consideration is part of the basement
core from 2223 to 2224.45 m intervals of Nirona-A well of
the Banni Half-Graben of Kutch Basin, western India.
Megascopically, the diorite sample is equigranular, med-
ium to coarse-grained with reddish brown to greyish. The
thin section study shows phaneritic texture with
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equigranular fine-grained groundmass and subhedral to
anhedral individual grains. They are composed of about
60% plagioclase and ~40% hornblende with minor biotite,
pyroxene, chlorite, epidote, and quartz (Fig. 2).

3 Analytical methods

For major, trace, and rare-earth elemental analysis, three
samples were used because of the limited availability of the
core sample, out of which one sample was analyzed for
REE composition. About 25 mg of these samples were
digested using a mixture of acids (3 mL HNO; and 2 mL
HF) in steel Parr digestion bombs. The bomb was subjected
to heating to 200 °C for roughly 24 h in the oven. The
digested sample was then dried, and the residue was dis-
solved in 3 mL 6 N HCl and having been dried again. The
final solution was made to 100 mL with 10% HNOj5. The
major oxide and trace element analysis was carried out on
ICP-OES and ICP-MS, respectively, in the Hydro-geo-
chemistry Lab., Geochemistry Group of KDMIPE, Deh-
radun. Geological standards BCR-2 and BHVO-2 were
used for calibrating the instrument.

For “°Ar—°Ar analysis, fresh chips of the core samples
were selected, crushed and cleaned with MilliQ water and
sieved to 60-80 mesh size. Approximately, 40 mg of
samples were packed in ~(0.8 mm quartz vials, sealed in
0.2 mm thick cadmium cylinder, and irradiated in the core
of the Dhruva Reactor at Bhabha Atomic Research Centre
(BARC). The conversion of *° K to *° K by neutron irra-
diation was monitored with MMHb-1 (Minnesota horn-
blende reference material having reported age of

523 £ 2.6 Ma; Renne et al. 1998). For estimation of neu-
tron fluence variation in samples and standards, high-purity
nickel wires were irradiated along with the samples.

The isotopic composition of irradiated samples were
measured in a Thermo Fisher ARGUS-VI mass spectrom-
eter in which Ar released was extracted in typically 14
heating steps with incremental heating up to 1450 °C. One
set of blank measurements corresponding to each sample
heating step was carried out before the sample analysis for
blank correction. The “’Ar blank has been typically 1%—
2% or less for all the temperature steps. The neutron flu-
ence variation caused at the time of irradiation was cal-
culated using **Co Gamma-activity of the irradiated nickel
wires on an HPGe Coaxial Well Detector (ORTEC-GWL
series) at UGC-DAE-CSR center in Kolkata. The raw data
for all samples were reduced using the ArArCALC soft-
ware of Koppers (2002). The plateau age estimates contain
a minimum of 50% of the total *°Ar released along with
four or more successive degassing steps where the mean
ages overlap at the 2o level excluding the error contribu-
tion (0.5%) from the J value.

4 Results
4.1 Major and trace element characteristics

The three studied core samples are characterized by low to
moderate (51.75-52.98 wt%) SiO,. A/CNK and A/NK
ratios [A/CNK = molar Al,03/(CaO + Na,O + K,0);
A/NK = molar Al,O3/(Na,0O + K,0)] range from 0.76 to
0.87 and 1.50 to 1.68, respectively, suggesting metalumi-
nous nature, with Al,O3 contents varying from 16.89 to

Fig. 2 Photomicrographs of basement core samples from well Nirona-A a medium to coarse-grained diorite dominated by stubby plagioclase
laths showing both Carlsbad and polysynthetic twinning, with subhedral pleochroic biotite forming aggregates together with green subhedral
hornblende. Minor pyroxene and quartz are also observed. b Porphyroclasts of plagioclase laths and hornblende are surrounded by a finer matrix
of biotite, chlorite, and quartz. Standard abbreviations for labelling have been adopted from Kretz (1983)
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19.04 wt%, K,0 ranging from 1.81 to 2.41 wt%, Na,O
varying from 5.24 to 5.69 wt%, and CaO varying between
5.85 and 6.51 wt% (Table 1). The Mg# [Mg# = molecular
Mg# = 100 x Molar Mg*"/(Mg*>" + total Fe*")] ranges
from 46.2 to 48.8 (Table 1). The studied rocks plotted in
the field of monzo-diorite, on the SiO, versus total alkali
diagram (Fig. 3a; Middlemost 1994). The K,O versus SiO,
plot of Rickwood (1989), further shows the samples to be
of high-K calc-alkaline affinity (Fig. 3b).

The chondrite-normalized rare-earth element (REE)
pattern (Fig. 4a) of the available dataset indicates that the
dioritic sample is enriched with strong fractionation of
LREE over HREE (LREE/HREE ratio = 14.9) with nega-
tive Eu anomaly (Eu/Eu* = 0.83), and (La/Sm)y =
3.03-3.78 for all samples. In the primitive mantle-nor-
malized spider diagram (Fig. 4b), samples display a neg-
ative slope, with an average (Ba/Yb)y of 22.58. The
diagram also indicates strong enrichment of large ion
lithophile (LILE) elements, such as Ba, K, and Rb, and
LREE, including La and Ce, relative to the primitive
mantle, and significantly negative anomaly of Nb, with
negative anomalies of Sr (except for sample 2551), P and
Ti, relative to the neighboring elements.

4.2 “*Ar-*Ar geochronology

Two samples from drilled well Nirona-A were analyzed for
“OAr—*?Ar dating and stepwise analytical data are given in
Table 2, out of which sample no. 2551 was able to yield a
meaningful “°Ar—°Ar plateau age (Fig. 5a), whereas
sample no. 2550 yielded a pseudo plateau with 6 noncon-
gruent steps (Fig. 5b).

The sample No. 2551 yielded a 4-step plateau consti-
tuting  60.79% of the °Ar release and age of
441.84 £ 2.66 Ma (20) (Fig. 5a). The normal and reverse
isochrons provided ages of 452.27 £ 13.83 and
452.34 + 1438 Ma  with  total fusion age of
422.58 £ 0.84 Ma (2c) (Table 2). However, sample no.
2550 defines a pseudo plateau of 6 near-congruent steps
constituting a total of 57.5% of the OAr release, and
defines two relatively flat portions, without meeting the
requirements for a plateau age, and for which average ages
have been calculated: 388.08 £ 16.65 and
44128 £ 5.82 Ma, with 39.13% and 18.38% of *’Ar
release, respectively (Fig. 5b). The total integrated age for
the above two pseudo plateaus is calculated to be
403.78 £+ 23.67 Ma (20) (Fig. 5b). However, the pseudo
plateau age yielded at higher temperature steps
(441.28 £+ 5.82 Ma) would in this case represent the
closest age to the emplacement of the studied sample, and
it is also similar to the plateau age obtained from sample
no.2551.

Table 1 Major and Trace element compositions of the diorites in the

well Nirona-A from Kutch basin

Sample 2550 2551 2550-1
SiO, 52.98 51.75 52.6
TiO, 1.87 1.85 1.92
Al,O4 19.04 18.9 16.89
FeOr, 7.46 7.57 7.75
MnO 0.15 0.14 0.11
MgO 3.60 4.05 3.92
CaO 5.85 6.51 6.02
Na,O 5.69 5.24 5.35
K,0 1.81 241 225
P,0s 0.55 0.57 0.61
LOI 0.89 0.72 2.08
Total 99.89 99.71 99.50
A/CNK 0.87 0.82 0.76
A/NK 1.68 1.68 1.50
Mg# 46.24 48.81 4741
CIPW norms

Q

Or 10.7 14.24 133
Ab 43.72 34.92 41.01
An 21.06 20.93 1543
C

Di 3.62 6.30 8.63
Hy

Ol 11 10.96 9.96
Mt 1.80 1.83 1.87
1 3.55 3.51 3.65
Ap 1.27 1.31 1.41
Ne 2.40 5.10 2.31
Trace elements (ppm)

Rb 40.39 65.59 27.43
Ba 531.63 1169 298.35
Th 8.64 8.52 4.58
Nb 1.40
Sr 642.98 1056 301.44
A% 248.90 256.9 89.51
Zr 164.57 164.07 169.72
Y 24.48 24.08 19.37
Rare earth elements (ppm)

La 30.17 30.95 30.31
Ce 75.04 76.78 63.75
Pr 6.82
Nd 40.08 41.2 27.04
Sm 6.18 6.37 5.01
Eu 1.25
Gd 4.10
Tb 0.537
Dy 2.738
Ho 0.519
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Table 1 continued

Sample 2550 2551 2550-1

Er 1.483
Tm 0.197
Yb 2.39 2.33 1.263
Lu 0.189

5 Discussion
5.1 Temporal and spatial evolution constraints

Since the occurrence of basement outcrops in the Kutch
basin is extremely rare as a result of a large sediment
thickness, the lithological and petrogenetic variation in
different basement types throughout and across the basin is
not yet fully understood. Except for a few drill holes e.g.,
Banni and Nirona regions, the opportunity to recover and
analyze basement samples has been limited.

The closest instance of basement rocks in outcrop in the
Kutch area has been encountered in the Nagar Parkar
igneous complex in Pakistan. Bordering the northern flank
of the graben, it forms an uplifted block where basement
rocks are only intermittently exposed and physio-graphi-
cally undetectable (Kazmi and Khan 1973). The lithology
of the Nagar Parkar complex ranges from riebeckite-ae-
girine granite to biotite hornblende granite, acid dykes,
rhyolite plugs, and basic dykes (Jan et al. 1997), and their
Late Proterozoic ages span from 1000 to 1100 Ma
(Karunjhar grey granite) to 700-800 Ma (pink and other

granites) (Khan et al. 2012). In the Nagar Parkar igneous
complex, Jan et al. (2014) described an individual body of
the basement which they named ‘Dinsi body’, that displays
a dioritic basement ranging from varieties having large
amounts of hornblende to those with essential quartz, and
occurs with granite, dolerite, and rare rhyolite patches and
dykes.

Being the first report of a dioritic basement encountered
in the Kutch basin, it is difficult to correlate this basement
type with a reported occurrence of similar petrological
characters from close vicinity. However, petrographically,
the studied basement can be correlated with the reported
basement in the Dinsi body, as substantial diorite-type
basements have not been reported in the northwestern part
of the Indian subcontinent so far.

Furthermore, intrusions of Cambro—Ordovician alkaline
magmatism have been reported from the Huqf area of
Central Oman (Worthing 2005; Worthing and Nasir 2008),
where the presence of two pulses of magmatism at
513-526 Ma and 452-462 Ma was suggested by Worthing
and Nasir (2008) based on *°’Ar—*’Ar geochronology. The
intrusion of these magmatic rocks may have been sourced
from enriched protolith by supra-subduction zone fluids
(Worthing and Nasir 2008) and formed due to tectonic and
structural events associated with the second cycle of
intracratonic rifting influenced by the widespread Najd
extensional event in the Oman basin (Ries and Shackleton
1990; Loosveld et al. 1996; Worthing and Nasir 2008).
Geochronologically, the ages obtained in the present
analysis can be correlated with the later event of
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Fig. 4 a Chondrite-normalized 1000
REE patterns and b primitive
mantle-normalized trace
element spider diagrams for
studied samples from well
Nirona-A, Kutch basin.
Chondrite and primitive mantle
values from Sun and
McDonough (1989)
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magmatism reported from the Huqf area, Central Oman, as
a part of the widespread extensional event in the Najd rift
system.

5.2 Petrogenesis and tectonic setting

Petrogenetically, the generation of dioritic magmas can be
attributed to either partial melting of crustal components or
fractional crystallization of mantle-derived mafic magmas
(McDermott et al. 1996; Liu et al. 2008). In general, for the
generation of intermediate rocks such as diorites, the most
accepted models include (1) partial melting of herzburgite
in the mantle wedge, modified by H,O-rich fluids or melts
released from a subducting slab (e.g., Carmichael 2002);
(2) fractional crystallization of mantle-derived basaltic
magma in shallow or deep crustal magma chambers (e.g.,
Grove et al. 2003; Annen et al. 2006); or (3) magma mixing
between silicic magmas of crustal origin and mantle
derived mafic magmas (e.g. Annen et al. 2006). Diorites
produced in the mantle wedge or by differentiation of
mantle-derived magmas tend to exhibit higher MgO con-
tents with high Mg# (Grove et al. 2003), which is usually
Mg# >40 in case of melts characterized by involvement of
a mantle component as compared to Mg# <40 for those
derived from crustal derived melts (Rapp and Watson

Rb Ba Th K

Nb La Ce St Nd P Zr Sm Eu Ti To Y Yb Lu
1995). In addition, Rb/Sr ratios also provide a useful index
to distinguish between crustal and mantle sources (e.g.,
0.32-0.95 for crustal origin and 0.01-0.1 for mantle-
derived rocks; Taylor and McLennan 1985).

The diorites in the present study are characterized by
higher MgO (3.6-4.05) and Mg# values (46.2-48.8), and
low Rb/Sr ratios (0.06-0.09), revealing the role of mantle-
derived melts in the generation of these rocks. This is
further demonstrated in the SiO, versus Mg# plot (Fig. 6a),
where all the samples lie close to the field of mantle-
derived melts.

Certain major oxides such as TiO,, Al,O3, P,0s, etc.,
and whole-rock trace elements like Ce, Zr, and Y along
with ratios like La/Yb and Th/Yb have been identified in
studies as significant contributors to constrain different
tectonic settings (Miiller et al. 1992; Miiller and Groves
1995; Condie 1989). The studied basement diorites, being
high-K calc-alkaline rocks (Fig. 3b), can occur in various
geotectonic settings, such as continental, oceanic, post-
collisional, and within the plate (Miiller et al. 1992). In
order to delineate the samples for their arc-related versus
within-plate affiliation, the discrimination diagrams based
on major oxides, Al,O5 versus TiO, and HFSEs, Zr versus
Y plot (Fig. 6b&c; Miiller et al. 1992), respectively, were
used, which shows that the diorite samples in study appear
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Table 2 “°Ar—*°Ar Analytical data for studied samples

Incremental heating step ~ *®Ary, VA,  CAr@,  CArg  Arg Age £ 20 Ma)  *Ar,,  PArg,  K/Ca+20
[fA] [fA] [fA] [fA] [fA] (%) (%)

Sample No. 2551

350 °C 7.64 18.43 9.77 16.26 6327.46  228.00 & 2.09 73.70 3.03 0.379 £ 0.075
550 °C 0.84 10.95 1.27 2.62 960.70 21538 4 6.28 79.34 0.49 0.103 £ 0.013
620 °C 2.74 32.05 4.51 16.58 7578.88  265.11 &+ 1.99 90.32 3.08 0.222 £ 0.012
680 °C 3.83 72.86 7.84 33.65 12688.27  221.38 £ 0.83 91.79 6.26 0.199 £ 0.006
740 °C 3.40 30.44 6.75 2535 18448.51  405.49 £+ 1.17 94.83 4.72 0.358 £ 0.021
850 °C 5.58 32,53 12.21 48.93 38614.58  435.92 £ 1.46 95.90 9.10 0.647 £ 0.031
940 °C 7.82 180.69 23.04 91.72 73690.68  442.92 £+ 0.90 96.96 17.06 0.218 £ 0.003
1000 °C 6.46 125.63 26.08 91.39 7314223 441.38 £ 0.87 97.45 17.00 0.313 £ 0.006
1080 °C 7.24 105.43 33.27 94.77 7622626  443.33 £+ 0.85 97.26 17.63 0.387 £ 0.009
1150 °C 10.06 162.08 46.95 78.18 67300.74  470.73 &+ 1.03 95.77 14.54 0.207 & 0.004
1200 °C 6.74 59.34 26.53 27.78 25923.14  505.17 &+ 1.24 92.86 5.17 0.201 £ 0.006
1450 °C 7.09 32.89 10.77 10.31 8773.29  466.00 £ 3.83 80.70 1.92 0.135 £ 0.007
Sample No. 2550

450 °C 6.40 19.31 2.94 4.66 289.14 37.68 £ 4.09 13.25 1.14 0.104 £ 0.017
500 °C 11.86 58.05 5.64 12.71 660.47 31.64 £ 2.64 15.85 3.10 0.094 £ 0.004
550 °C 11.31 95.87 8.23 19.91 1824.87 5543 £ 1.73 35.30 4.86 0.089 + 0.002
620 °C 9.89 154.52 12.00 33.08 4443.43 80.67 £ 2.16 60.30 8.07 0.092 £ 0.002
740 °C 10.61 286.60 21.44 55.90 12390.28  131.27 £ 0.61 79.79 13.64 0.084 £ 0.001
850 °C 11.82 122.07 18.73 47.89 25053.05  295.75 £ 1.59 87.75 11.68 0.169 £ 0.004
940 °C 8.90 177.85 14.54 51.68 348906.48  373.43 £ 0.92 92.98 12.61 0.125 £ 0.002
1000 °C 3.95 204.49 12.74 39.61 28788.18  399.03 £ 0.95 96.09 9.66 0.083 £ 0.001
1080 °C 6.50 168.54 27.18 69.14 49503.10  393.70 &+ 1.00 96.26 16.86 0.176 £ 0.003
1150 °C 8.22 303.64 34.92 42.83 34722.00  439.87 £ 1.03 93.45 10.45 0.061 £ 0.001
1200 °C 4.49 98.36 22.67 19.19 15629.52  441.64 &+ 1.68 92.16 4.68 0.084 £ 0.003
1450 °C 5.89 88.26 16.88 13.34 11115.07  450.63 & 2.76 86.45 3.25 0.065 £ 0.002

to be of arc-related affinity, as all of the samples cluster in
the arc-related field.

Further, since the analysed samples are of high-K calc-
alkaline affinity (Fig. 3b), and are characterized by an
enrichment in LILE (e.g., Rb, Ba, and K) and LREE (La,
Ce, Nd), with strong depletion in HFSE (Nb, Ta, Sr, P, and
Ti) (Fig. 4). The affinities of these samples, therefore,
appear to be of calc-alkaline magmatism in active conti-
nental margins generated in a subduction-related (conti-
nental-arc or oceanic-arc) setting (e.g., Qi et al. 2014, and
references therein).

In order to demarcate whether the studied samples
belong to continental- or oceanic-arc setting, tectonic set-
ting discrimination diagram of Miiller et al. (1992) was
utilized (Fig. 6d), in which the studied high-K calc-alkaline
diorites are plotted in the continental-arc field in TiO,/
Al,O3 versus Zi/Al,O3 plot (Fig. 6d). This is also evident
in the La/Yb versus Th/Yb tectonic discrimination diagram

@ Springer

(Fig. 6e; Condie 1989) which suggests the tectonic setting
to be of the continental margin arc affinity. The depletion
of Nb and Ti relative to LILE and LREE and the low Nb/
La ratio observed in the studied samples (Fig. 4) are further
distinctive features of convergent plate margin magmatism
(e.g., Hawkesworth et al. 1991; Castillo et al. 2007). Fur-
ther building on the interpretation, the Zr/TiO, versus Ce/
P,Os5 plot (Fig. 6f; Miiller et al. 1992) concludes that the
samples show post-collisional continental-arc type setting
in terms of their geotectonic environment.

5.3 Implications to Gondwana assembly

The north-western margin of Greater India has several
extensive subduction-related mid-Neoproterozoic igneous
suites (e.g. Hill and Walter 2000; Tucker et al. 2001;
Ashwal et al. 2002; Li et al. 2006; Piper 2007; Thomas
et al. 2009; Van Lente et al. 2009; Dharma Rao et al. 2013;
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Fig. 5 Age spectra for samples 700
from well Nirona-A, with the (a) ggn!ple: 2551
sample name, rock type, plateau 650 forite
age, and percentage of gases on
which it is calculated. a Plateau 600
age of sample 2551 and 50
b Pseudoplateau ages of sample
No. 2550 500
450
)
Z 0 .
- 441.84 £2.66 Ma
350 60.79% of *Ar
300
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200
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650
(b) Sample: 2550
600 Diorite
550
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400
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© 1
E 1
— 30 388.08 * 16.35 Ma
=) 39.13% of 3°Ar
< 250
200
150
100
50
Integrated age: 403.78 £ 23.67 Ma
0

Qi et al. 2014), and protoliths of mid-Neoproterozoic ages
in high-pressure metamorphic suites (e.g. North Lhasa
terrane, Zang et al. 2012, 2014) reported in published lit-
erature. Notably, high-K calc-alkaline granitoid reported
by Qi et al. (2014) from the northeastern margin of the
Indochina block are similar in age and tectonic setting to
those occurring along the northwestern margin of Greater
India. Similarly, the presence of a subduction system in the
northern margin of the amalgamated Gondwanaland during
the Cambro—Ordovician time (Dalzeil 1997; Unrung 1997,
Singh and Dhiman 2021) has been suggested, which
recorded a very widespread thermal event in the Greater

10 20 30 40 50 60 70 80 90 100

Cumulative °Ar Released [ % ]

India that is now exposed within Higher Himalayan
Crystallines and Thethyan Sedimentary sequences (Singh
and Jain 2003). The probable position of Kutch basement
has been shown in the paleogeographic reconstruction at
mid-Neoproterozoic period depicting juxtaposition of
greater Indian block in a mid-Neoproterozoic magmatic
belt against an eastward subducting ocean (Fig. 7a), and at
Cambro—Ordovician period showing the subduction system
along northern margin of amalgamated Gondwana
(Fig. 7b). However, due to the limited geochronological
and geochemical data, more samples need to be recovered
and analysed from the study area for their geochronology,
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«Fig. 6 a SiO, (Wt%) versus Mg# diagram (the curves of mantle
assimilation—fractional crystallization (AFC) and crustal AFC are
after Stern and Kilian 1996; Tectonic discrimination diagrams
b ALO;3 (wt%) versus TiO, (wt%) ¢ Zr (ppm) versus Y (ppm)
d TiO,/Al,05 versus Zr/Al,O5 (after Miiller et al. 1992); e La/Yb
versus Th/Yb plot (after Condie 1989); f Zr/TiO, versus Ce/P,05 plot
(after Miiller et al. 1992). The hollow triangles and squares represent
published data from Dalhousie and Dhauladhar granites (Dhiman and
Singh 2021), and Nagar Parkar basement rocks (Jan et al. 2018),
respectively, which show similar tectonic affinities as compared with
the studied samples from Nirona-A.

geochemistry, and paleo-magnetism, in order to evaluate
the position and tectonic relationship of the Kutch base-
ment with Greater India and related landmasses during
Late Neoproterozoic and Early Palaeozoic.

The data from coeval plutons (e.g. Dalhausie and
Dhauladhar granites; Singh and Dhiman 2021) as well as
other similar basement rocks in the area (e.g. Nagar Parkar
igneous complex; Jan et al. 2018) also display similar
geotectonic setting as compared to the studied diorite
basement of Nirona-A (Fig. 6). The first-time reported
“OAr-*°Ar ages of ~ 440 Ma (Fig. 5) for the dioritic
basement from the Kutch basin do appear to be younger as
compared to other mid-Neoproterozoic subduction-related
suites reported by the above workers, however, these may
reflect the later thermal event associated with Cambro—
Ordovician continental-arc magmatism in Greater India by
reworking of existing Neoproterozoic granites (e.g. Dhi-
man and Singh 2021).

6 Conclusions

Present geochronological and geochemical data for the
basement rocks recovered from drilled hole Nirona-A from
Banni Half-Graben of the Kutch onshore basin core pro-
vide new *°Ar—*°Ar age constraints of 441.84 + 2.6 Ma
for the Kutch basin. Petrographically, the studied basement
type can be correlated with the reported dioritic Dinsi Body
in Nagar Parkar igneous complex based on their close
spatial proximity, as well as their temporal continuity can
be visualized with the Cambro-Ordovician alkaline mag-
matism reported from Hugqf area in Central Oman based on
similar emplacement ages.

The major, trace, and REE geochemistry of the analyzed
samples have indicated towards their petrogenetic affilia-
tion with mantle-derived magmas, as well as their tectonic
setting being arc-related, having post-collisional continen-
tal-arc type affinity. However, the limited dataset available
due to the scarce nature of core samples is not sufficient to
conclusively establish the petrogenesis and tectonics of the
studied basement, which may be firmed up by recovery and
analyses of several more basement samples from the Banni
Half-Graben in the Kutch basin. In all probability, the
Kutch Early-Paleozoic basement may represent the later
thermal event associated with reworked Neoproterozoic
subduction-related suite from Greater India’s northwest
edge, which has implications for Gondwana assembly in
the northwest Indian subcontinent.

Mid-Neoproterozoic

Indochina

Australiaf o

Cambro-Ordovician (b)

Kutch
basement

Paleo-Tethys

Greater
India

Fig. 7 a Paleogeographic reconstruction depicting juxtaposition of greater Indian block (showing the probable position of Kutch basement),
Seychelles, and Madagascar along with Indochina block defining a middle Neoproterozoic magmatic belt against an eastward subducting ocean
(modified after Qi et al. 2014), b Reconstruction of Gondwanaland during Cambro—Ordovician showing the presence of the subduction system
along the northern margin of amalgamated Gondwanaland (modified after Dhiman and Singh 2021)
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