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Various lamprophyre types are prevalent throughout the Cuddapah Igneous
Province (CIP) and Prakasam Alkaline Province (PAP) in the Eastern
Dharwar Craton (EDC), located in southern India. This study focuses on a
newly identified lamprophyre dyke situated near the Madharam area in
Khammam District, Telangana, India (coordinates 80°15":17°32") on the
northeastern edge of the EDC. The paper provides an in-depth analysis of the
petrography and geochemistry of this lamprophyre. The study area
predominantly comprises granitoids from the Peninsular Gneissic Complex
(PGC) within the EDC. Geographically, it is flanked by the Proterozoic
sedimentary basins of Pakhal to the east and Cuddapah to the south. The
Madharam lamprophyre exhibits a characteristic porphyritic-panidiomorphic
texture, with clinopyroxene phenocrysts occurring alongside feldspar in the
groundmass. Amphiboles present in the rock are of calcic variety (mainly
actinolite group). Clinopyroxene is found to be diopside in nature (Wo048-50
En40-41 Fs9-10) and the feldspars show albitic (OrgAb85-92 An 6-14)
nature. Lower TiO; content in the amphibole and clinopyroxene suggests the
nature of the lamprophyre is calc-alkaline. The geochemical signatures, such
as variable Ba/La ratios and low Nb/La values, suggest minimal to no crustal
contamination in the lamprophyre magma. These findings are significant for
understanding the evolution of the EDC and provide important constraints on

the geodynamics of southern peninsular India.

© 2024 International Journal of Advanced Research in Science and Technology (IJARST).
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Introduction:

In India, lamprophyre occurrences span ages from the
Precambrian to the Cretaceous period, with the EDC
hosting the largest number and variety. Within the EDC,
lamprophyres are found in two broad regions: (i) along the
western margin of the Cuddapah Basin, primarily in the
Wajrakarur Kimberlite Field (WKF), where calc-alkaline
and/or shoshonitic lamprophyres have been documented
(Pandey et al., 20173, 2017b, 2018), and (ii) the Prakasam
Alkaline Province (PAP) (Leelanandam, 1989) or the
‘Cuddapah intrusive province’ (Madhavan et al. 1998) To
the east of the Cuddapah Basin, at the intersection of the
EDC and the Eastern Ghats Mobile Belt (EGMB), the
lamprophyres are predominantly of the alkaline variety,
with  some exhibiting shoshonitic  characteristics
(Madhavan et al., 1998; Chalapathi Rao, 2004 & 2008).

The lamprophyres of EDC are known to be
associated with greenstone belts, granite gneisses and in
particular with Kimberlite Clan of Rocks (KCR).
Lamprophyres in EDC are reported from WKEF,
Precambrian Penakacherla Schist Belt, Mudigubba
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lamprophyre at the western margin of Cuddapah basin,
Bayyaram Lamprophyre at the northeastern margin of
the EDC at the western margin of Pakhal basin,
Khammam district and lamprophyres of PAP. Some of
the lamprophyres are reported in NE margin of EDC to
the north of Khammam at Polayapalli. In Nallamalai fold
belt of Cuddapah basin, earlier K. Appavadhanulu
(1971) followed by NMS Rock (1991) classified mafic
intrusive as lamprophyres but, Scott Smith confirmed
these rocks as lamproites. Dominantly two generations
of lamprophyres are found in EDC viz. Neo-Archaean
age and Meso-Proterozoic ages. Archaean lamprophyres
are linked with calc-alkaline granitoids and coeval
mafic-ultramafic rocks. The primary country rock in the
study area is granitoid. To the east lies the Proterozoic
Pakhal Basin, and to the south, the Proterozoic Cuddapah
Basin. The lamprophyre under investigation is intruded
within the granitoids of the EDC.

Regional Geology:
In the Khammam district few isolated lamprophyre are
reported which is intruded within the granite body
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(Appavadhanulu 1971; Subrahmanyam et al. 1987,
Meshram et al. 2015, Adhikary et al 2022, Adhikary et al.
2024a and 2024b) (Fig:1). Lamprophyric magma are
formed during low degree of partial melting of upper
mantle at approx depth of 100-150 km (Rock 1991 and
Mitchell R H 1995).Normally this kind of magmas contain
high amount of volatiles (F,CO2,H,0) and REE (Ulrych et
al.1993). This paper presents a detailed petrographic and
geochemical analysis of the lamprophyre. The dyke, which
is approximately 1 to 2 meters wide with an exposed strike
length of about 30 meters, trends N35°W. These dykes

have a sharp contact with the host granitoids and display a
branching nature (Fig:2A & 2B). However, along the
margin of the dyke no chilied margin effect is observed.
Dykes also cut across the foliation of the granitoids, it also
indicates the intrusive relationship between host rock and
the lamprophyre. Megascopically, this lamprophyre dykes
are mesocratic to melanocratic, fine grained in nature.
Phenocrysts are present in the dykes and also uniformly
distributed within matrix. Clinopyroxene, amphibole and
biotite are present as phenocrysts within the melanocratic
matrix component.
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Fig.1. Location of study area in Khammam district, Telangana (after Naqgvi, 2005).
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Fig: 2A Lamprophyre at Madharam area show sharp contact with basement granitoids.
Fig:2B Lamprophyre at Madharam area show branching nature.

Analytical techniques:

The mineral chemistry of various phases in the Madharam
lamprophyre was analyzed using a CAMECA SX100
Electron Probe Micro Analyzer (EPMA) at GSI facilities
in Kolkata and Faridabad. The analysis utilized an
acceleration voltage of 15 kV, a beam current of 20 nA, a
beam diameter of 1 um, and a counting time of 10 seconds.
The microprobe was calibrated with albite for Na and Al
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rhodonite for Mn, diopside for Ca and Mg, TiO for Ti,
orthoclase for K and Si, chromium for Cr, and almandine
for Fe. The results of selected and representative mineral
phase analyses are presented in Tables 1, 2, and 3.

Whole rock major and trace element analyses were

conducted at the Geological Survey of India's Chemical
Laboratory in Kolkata. Major oxides were analyzed using
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X-ray fluorescence spectrometry, while trace and rare earth
element (REE) concentrations were determined using ICP-
MS. The precision for all analyzed elements is better than
2% at 100 times the detection limit. Several standards were
analyzed alongside the samples to ensure accuracy and
precision. Table: presented the data of major oxide, trace
elements and REE. Standardized CIPW norms for all
samples were automatically computed using the IgROCS
computer program (Verma et al.2013).

Petrography and mineral chemistry:
Petrographic studies show that Madharam
lamprophyre sample consists of clinopyroxene,

amphibole,biotite, feldspar and apatite. In this rock
amphibole is present as a phenocryst and the
groundmass is made up of feldspar and Cpx.
amphibole crystal are medium to large in size
(FIG:3A,B,C&D). Overall the rock shows
porphyritic-panidiomorphic texture. Euhedral shaped
amphiboles make up glomeroporphyritic texture.
Clinopyroxene occursas microphenocryst within the
groundmass. Within the amphibole phenocrysts, apatite
inclusion is present. Carbonate also present in the rock,
which is replaced olivine and clinopyroxene phenocryst.
Modal analysis shows that this lamprophyre contains
equal amount of clinopyroxene and amphibole.

Fig:3. Photomicrographs of the Madharam lamprophyre: (A and B) Clusters of well-formed
amphibole phenocrysts displaying a panidiomorphic-glomerophyric texture (observed under plane-
polarized light); (C) Large amphibole phenocrysts and a clinopyroxene groundmass [Backscattered
electron (BSE) image]. (D)Hexagonal amphibole crystal along with Cpx and feldspar [BSE image].

The chemical composition of different mineral phases
is outlined as follows:

Clinopyroxene:

In the lamprophyre sample being analyzed, the
clinopyroxenes are predominantly diopsidic (Wo048-
50 En40-41 Fs9-10) (see Fig. 4A). When aluminum
(Al) and titanium (Ti) values for clinopyroxene are
plotted on a Ca (a.p.f.u) versus Ti (a.p.f.u) diagram
(refer to Fig. 4C), they indicate an orogenic origin of
the lamprophyre.

Amphibole:

Predominantly, the amphiboles in this lamprophyre
are of the actinolite variety (see Fig. 4B). Actinolite
is typically absent in igneous rocks, suggesting its
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formation through metamorphism involving hydrous
melts and existing amphiboles. (Leake et. al 1997)
The lamprophyre samples show depletion in Al203,
K20, and TiO2, indicating a calc-alkaline magma
nature. This is evidenced by a TiO2 (wt%) versus SiO2
(wt%) plot (after Rock, 1991) (Fig:4D) indicating the
calc-alkaline nature of the studied lamprophyres.

Feldspar:

In the Madharam lamprophyre feldspars are present
essentially as a groundmass part. The feldspars are of
albitic composition. The average composition range of
the feldspar is (Or0 Ab85-92 An 6-14). The depletion
in FeO and prevalence of alkali feldspar characterize
this calc-alkaline lamprophyre as spessartine. (Le
Maitre, 2002).

Page | 1470


http://www.ijarst.com/

Fig:4. (A) Diagram illustrating the diopsidic nature of clinopyroxenes in the Madharam lamprophyre.
(B) Si vs. Mg# plot for amphibole classification (adapted from Leake et al., 1997) in the Madharam
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lamprophyre. (C) Ti (a.p.f.u) vs. Ca (a.p.f.u) plot (based on Sun and Bertrad, 1991) showing the

orogenic characteristics of clinopyroxene. (D) TiO2 (wt%) vs. SiO2 (wt%) plot (according to Rock,
1991) indicating the calc-alkaline nature of the studied Madharam lamprophyre.

Table 1: Representative analyses (wt%) of clinopyroxene from the Madharam lamprophyres (ML)

www.ijarst.com

Oxide
W% 1 2 3 4 5 6 7 8
cPx1 | cPx2 | S7% | cPxa | cPX5 | CPX6 | CPX7 | CPX 8
Si02 53.13 | 541 52.89 | 53.34 | 53.21 |53.31 |53.62 | 53.83
TiO2 | 0.22 0.09 0 0.14 0.05 0.04 0.03 0.06
Al203 | 1.6 0.61 037 |11 0.93 0.46 0.65 0.62
Cr203 | 0.18 0.1 0.1 0.06 0.02 0.18 0.06 0
FeO 6.75 6.31 6.03 | 6.63 7.56 7.85 7.36 7.27
MnO | 0.2 0.36 0.26 |0.12 0.3 0.48 0.26 0.15
MgO 1478 | 15.04 | 1416|1495 | 13.79 |13.73 |13.85 | 14.25
CaO 23.57 | 2424 | 2441|2352 |24.19 |241 24.69 | 24.21
Na20 | 0.57 0.39 0.35 | 0.47 0.5 0.46 0.46 0.49
K20 |0.01 0 0 0 0 0 0.01 0
Total | 101.01 | 101.24 | 98.57 | 100.33 | 100.55 | 100.61 | 100.99 | 100.88
Cations for 6 Oxygen atoms
Si 1.94 1.97 198 |1.96 1.96 1.97 1.97
Ti 0.01 0 0 0 0 0 0 0
Al 0.07 0.03 0.02 | 0.05 0.04 0.02 0.03 0.03
Cr 0.01 0 0 0 0 0.01 0 0
Fe3+ | 0.07 0.05 0.04 | 0.06 0.06 0.06 0.06 0.05
Fe2+ 0.13 0.14 0.15 | 0.15 0.17 0.18 0.17 0.17
Mn 0.01 0.01 001 |0 0.01 0.02 0.01 0
Mg 0.8 0.82 0.79 ]0.82 0.76 0.76 0.76 0.78
Ca 0.92 0.95 0.98 | 0.93 0.96 0.95 0.97 0.95
Na 0.04 0.03 0.03 | 0.03 0.04 0.03 0.03 0.03
K 0 0 0 0 0 0 0 0
Total 4 4 4 4 4 4 4 4
En 0.43 0.43 041 | 0.43 0.4 0.4 0.4 0.41
Fs 0.07 0.08 0.08 | 0.08 0.09 0.1 0.09 0.09
Wo 0.5 0.5 0.51 | 0.49 0.51 0.5 0.51 0.5
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Table 2: Representative analyses (wt%) of amphiboles from the Madharam lamprophyres
Oxide
Wit% |1 2 3 4 5 6 7 8
AMP1 | AMP2 | AMP3 | AMP4 | AMP5 | AMP6 | AMP7 | AMPS8
Si02 | 49.44 |49.39 | 46.64 |4531 | 4592 |46.55 |50.11 | 49.81
TiO2 | 0.99 0.98 1.12 1.42 1.12 1.03 0.48 0.48
AI203 | 5.96 6.21 7.98 10.72 | 9.11 8.42 5.81 6.02
Cr203 | 0.18 0.22 0.33 0.17 0.22 0.23 0 0
FeO 11.01 | 1107 |12.89 |11.9 12.03 [12.13 | 1134 | 1221
MnO | 0.08 0.08 0.29 0.07 0.29 0.22 0.14 0.17
MgO | 1582 |15.74 |13.73 |13.86 | 14.13 | 14.34 | 1555 | 14.95
NiO 0 0.11 0.13 0.01 0 0 0 0
Zn0O 0 0 0.08 0.02 0 0 0.24 0
CaO 1212 | 1248 | 1229 | 1244 | 124 1232 | 12.74 | 12.72
Na20 | 0.96 1.12 1.2 1.9 1.53 1.52 0.72 0.82
K20 0.46 0.33 0.82 0.45 0.49 0.46 0.4 0.49
Total | 97.02 | 97.73 | 9750 |98.27 |97.24 |97.22 |97.53 | 97.67
Cations for 23 oxygen atoms

Si 7.12 7.09 6.83 6.56 6.70 6.79 7.22
Ti 0.11 0.11 0.12 0.15 0.12 0.11 0.05 0.05
Al 1.01 1.05 1.38 1.83 1.57 1.45 0.99 1.03

Cr 0.02 0.02 0.04 0.02 0.03 0.03 0.00 0.00
Fe3+ | 041 0.31 0.33 0.26 0.35 0.36 0.27 0.20
Fe2+ |0.92 1.02 1.24 1.18 1.12 1.12 1.09 1.27
Mn 0.01 0.01 0.04 0.01 0.04 0.03 0.02 0.02
Mg 3.40 3.37 3.00 2.99 3.08 3.12 3.34 3.22
Ca 1.87 1.92 1.93 1.93 1.94 1.93 1.97 1.97
Na 0.27 0.31 0.34 0.53 0.43 0.43 0.20 0.23
K 0.08 0.06 0.15 0.08 0.09 0.09 0.07 0.09
Total | 1522 | 1528 | 1540 | 1554 | 1546 | 1544 | 1521 | 15.29

Table 3: Selected mineral chemistry data (wt%o) of feldspar in the Madharam lamprophyre

Oxide | 1 2 3 4 5 6 7 8

Wt% FELDSI1 | FELDS2 | FELDS3 | FELDS4 | FELDS5 | FELDS6 | FELDS7 | FELDSS8
SiO2 68.5 68.69 64.33 69.33 68.33 64.18 68.21 67.5
Al203 | 19.28 19.21 18.07 19.46 19.59 17.59 20.19 20.59
FeO 0.07 0.1 0.11 0.11 0.05 0.7 0 0.05
CaO 0.53 0.4 0 0.49 0.6 0.01 0.83 1.15
Na20 | 11.18 11.18 0.3 11.34 10.29 0.23 11.69 10.99
K20 0.1 0.05 16.1 0.06 0.11 16.1 0.05 0.38
BaO

Total | 99.66 99.63 98.91 100.79 98.97 98.81 100.97 100.66
Cations for 8 Oxygen atoms

Si 3.00 3.01 3.00 3.00 3.00 3.01 2.96 2.94
Al 1.00 0.99 0.99 0.99 1.01 0.97 1.03 1.06
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
Ca 0.02 0.02 0.00 0.02 0.03 0.00 0.04 0.05
Na 0.95 0.95 0.03 0.95 0.88 0.02 0.98 0.93
K 0.01 0.00 0.96 0.00 0.01 0.96 0.00 0.02
Ba

Total 4.98 4.97 4.99 4.98 4.93 4.99 5.02 5.00
Or 0.57 0.29 97.25 0.34 0.68 97.82 0.27 2.10
Ab 96.89 97.78 2.75 97.34 96.22 2.12 95.96 92.54
An 2.54 1.93 0.00 2.32 3.10 0.05 3.77 5.35
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Geochemistry:

Major oxides

Variations in geochemical data for major, minor and
trace elements are very less for the Madharam
lamprophyres (ML) (Table 4, 5 & 6). The feldspar
compositions exhibit high MgO (11.22-12.01 wt%) and
Ca0 (12.27-13.12 wt%), with lower Al203 (8.84-9.12
wt%), indicating a sub-alkaline nature. There is a
positive correlation between MgO, CaO, and Fe203,
and a negative correlation between MgO, SiO2, Al203,
and Na20, suggesting minimal fractionation (see Fig. 5
A to F). Compared to the global average calc-alkaline
lamprophyre composition (MgO: 7 wt%; CaO: 7 wt%;

Al203: 14 wt%; Rock 1991, p.78), the ML are enriched
in MgO and CaO. They are classified as calc-alkaline
based on classification diagrams (Fig. 6A and B). Post-
magmatic alteration minimally affected the geochemical
nature of the lamprophyres, as indicated by positive
correlations among LILEs and between LILEs and
HFSE (Fig. 7A to D). Ti contents in the ML are lower
than those in within-plate lamprophyres (Fig. 8A). The
ML are predominantly sodic (Na20/K20 > 2) and fall
along the calc-alkaline-shoshonite boundary in the
Na20 vs. K20 diagram (Fig. 7B). The TiO2/Al203 vs.
Zr/AlI203 plot (Fig. 8C) suggests that the ML were
emplaced in a continental-arc or post-collisional arc

setting.

Table 4: Representative major oxide analysis of Madharam lamprophyres

(\)/\)/(tlo(j:3 PCS/323(1)/DA | PCS/323(2)/DA | PCS/323(3)/DA | PCS/323(4)/DA | PCS/323(5)/DA
SiO2 50.47 50.65 51.25 50.64 51.01
TiO2 | 0.69 0.72 0.73 0.68 0.72
Al203 | 9.12 8.45 8.97 9.10 9.10
Total
Fe as
Fe203 | 8.52 7.5 7.9 8.54 8.40
MnO | 0.18 0.18 0.19 0.18 0.18
MgO | 11.22 12.01 11.65 11.24 11.22
CaO | 1227 13.12 12.9 12.88 12.70
Na20 | 2.18 2.09 2.15 2.14 2.10
K20 | 107 1.12 1.1 1.09 1.12
P205 | 0.92 0.95 0.9 0.98 0.89
LOI 1.52 1.54 1.62 1.6 1.6
Mg# | 76.815 80.114 78.769 80.103 78.537
Total | 98.16 98.33 99.36 99.07 99.04
Q 0 0 0 0.00
Or 6.58 6.88 6.69 6.66 6.59
Ab 19.22 18.38 18.73 18.90 18.72
An 12.44 10.77 11.91 11.88 11.87
Di 35.79 40.18 38.24 38.88 38.77
Hy 15.76 12.16 14.3 13.77 14.10
Ol 3.86 5.5 4.01 4.02 4.80
Mt 2.73 2.4 2.5 2.60 2.60
Il 1.36 1.42 1.42 1.39 1.38
Ap 2.22 2.28 2.14 2.23 2.25
Www.ijarst.com Adhikary et al., Page | 1473
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Fig. 8 includes: (A) K20 (wt%) vs. TiO2 (wt%) discrimination plot (adapted from Thorpe, 1987)
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Na20 bivariate plot (based on Turner et al., 1996) highlighting the sodic and calc-alkaline nature of
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2000) indicating the strong arc affinity of the ML. Data for CAL lamprophyres from the Yilgarn
area are sourced from Currie and Williams (1993), and from the Superior Province from Wyman
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and Kerrich (1989). Fields: WIP — within-plate; CAP — continental arc; PAP — post-collisional arc;
IOP — initial oceanic arc.

Table 5: Representative trace element analysis of Madharam lamprophyre (ppm)

Oxide Wt% | PCS/323(1)/DA PCS/323(2)/DA PCS/323(3)/DA PCS/323(4)/DA PCS/323(5)/DA

Sc 52 62 55 60.00 58.00

\% 148 153 180 177.00 171.00

Cr 461 463 632 460.00 497.00

Co 57 50 62 52.00 55.00

Ni 227 238 247 230.00 232.00

Cu 50 48 55 54.00 51.00

Zn 101 91 110 97.00 99.00

Ga 17 14 15 12.00 16.00

Rb 32 27 36 28.00 31.00

Sr 432 410 478 417.00 402.00

Y 20 26 22 21.00 22.00

Zr 82 76 78 79.00 77.00

Nb 4 3 5 5.00 5.00

Ba 497 522 601 525.00 547.00

Hf 2.7 2.1 2.6 2.50 2.70

Ta 1.24 0.61 0.98 0.77 0.99

Pb 5 5 5 5.00 5.00

Th 2.8 3.1 3.9 3.80 3.60

U 0.9 0.7 0.6 0.60 0.70

Table 6: Representative analysis of REEs in the ML (ppm)

Oxide Wt% | PCS/323(1)/DA PCS/323(2)/DA PCS/323(3)/DA PCS/323(4)/DA PCS/323(5)/DA

La 25.5 27.2 32.2 31.30 29.50

Ce 45.5 48.3 50.4 47.30 46.50

Pr 8.46 8.58 8.97 8.00 8.22

Nd 40.1 37.6 44.2 41.25 40.45

Sm 9.3 9.5 9.8 9.70 9.60

Eu 2.88 2.28 2.66 3.01 2.89

Gd 7.03 5.60 6.25 6.21 5.75

Th 1.02 0.78 1.06 1.01 1.00

Dy 4.67 3.62 4.15 4.10 4.50

Ho 0.86 0.61 0.69 0.70 0.73

Er 1.95 1.75 1.9 1.80 1.90

Tm 0.32 0.25 0.27 0.26 0.29

Yb 1.88 1.53 1.9 1.80 1.70

Lu 0.29 0.24 0.26 0.25 0.26
Minor elements: geodynamic setting. The chondrite-normalized REE
The trace element analysis of the Madharam pattern reveals enrichment of LREE over HREE (Fig.

lamprophyres indicates moderate enrichment in large-
ion-lithophile elements (LILE), with Ba concentrations
up to 601 ppm and Sr up to 432 ppm. High values of
Mg# (> 76.81), Ni (> 227 ppm), and Cr (> 461 ppm)
suggest that these lamprophyres likely originated from
moderately fractionated, primary mantle-derived melts
(see Rock, 1991). The Th-Hf-Nb/2 discrimination
diagram (Fig. 9) designed for lamproitic and
lamprophyric rocks (Krmicek et al., 2011; Coban et al.,
2012) suggests that the ML may be of orogenic
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10A) with an average LaN/YDbN ratio of 15.00 in the
ML. The presence of a very high Mg# suggests partial
melting phenomena. The primitive-mantle normalized
multi-element plot (Fig. 10B) exhibits distinct negative
spikes at Nb-Ta, Zr-Hf, and Ti, similar to trends
observed in global calc-alkaline lamprophyres.
Negative HFSE anomalies suggest calc-alkaline
magmas, likely influenced by either slab melting or
mantle wedge melting. For that reason this magma is
rich in volatile and chemically heterogeneous due to
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subduction (Wilson,1989). The elevated LILE/HFSE
ratios in this lamprophyre suggest the separation of
mobile elements within the descending crustal fragment
(Hawkesworth et al., 1994; Thirlwall et al., 1994,
Pearce, 2008). The lack of a Eu anomaly in the REE
pattern diagram and a negative Sr anomaly in the
primitive mantle normalized multi-element diagram

indicate that this magma could originate from a depleted
mantle. The Th/La ratio serves as an indicator of crustal
contamination (Sun and McDonough, 1989). All the
geochemistry and petrography study indicate our
lamprophyre is probably crustal contamination free and
retain the original mantle composition, which is very
useful for mantle study.

Hf

Orogenic

(Subduction-related) 3
Geodynamic setting A
o N\

Th

Anorogenic
(Intraplate) .
Geodynamic setting ~ \
\\‘

\
Nb/2

Fig:9. The Hf-Th-Nb/2 ternary tectonic discrimination diagram (adapted from Krmic ek et al., 2011)
demonstrates the orogenic affinity of the ML samples.

Rock/ Chondrite

Rock/ Primitive Mantie

()

Asthenospheric mantle

Nb/La

Lithosphere-Asthenosphere
interaction

Lithospheric mantle

100 150 200

La/Yb

Fig: 10 (A) Chondrite-normalized REE distribution pattern (adapted from Evenssen et al., 1978) and
(B) Primitive mantle-normalized multi-element spider diagram (based on Sun and McDonough,
1989) for the ML. (C) Plot of La/Yb versus Nb/La (after Smith et al., 1999), indicating minimal

asthenospheric contribution to the mantle source region of the ML.

Discussion:

The Madharam Lamprophyre melt may have originated
from a depleted mantle source that had already
undergone some degree of partial melting during
continental crust formation. This mantle source was
affected by later subduction during which LILEs and
HFSEs were added to the melt. The geochemical data
confirms depletion in TiO2 and AI203 content and
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enrichment in LILEs in the ML. Significant depletion of
HFSEs is likely due to the presence of Ti-bearing phases
such as rutile/ilmenite in the source mantle melt. The
HFSE/LREE ratio provides insights into the mantle
source region (Smith et al., 1999) (Fig. 10C). Low
Nb/La (<0.2) values suggest the lamprophyre originated
from the lithospheric mantle with Nb/La < 0.5,
contrasting with OIB-like asthenospheric mantle where
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Nb/La > 1. The Ba/Rb ratio, relative to Rb/Sr, confirms
the presence of amphibole in the source, indicative of a
common subduction-modified mantle wedge (Furman
and Graham, 1999). Porphyritic to glomeroporphyritic
textures in the rocks indicate crystal fractionation or
accumulation driven by amphibole crystallization in the
mantle wedge. As previously discussed, the ML exhibit
an arc setting based on major oxide diagrams for mafic
alkaline lavas and the Zr/Al203 vs. TiO2/AlI203
tectonic discrimination diagram (Fig. 8C) for potassic
igneous rocks.

Conclusion:

The ML, located on the edge of the Proterozoic Pakhal
Basin, exhibit a porphyritic-panidiomorphic texture
characterized by  phenocrysts of  amphibole,
microphenocrysts of clinopyroxene, and a groundmass
predominantly composed of feldspar. Mineral chemistry
analysis confirms the calc-alkaline nature of these
lamprophyres. Anomalies in Nb-Ta, Zr-Hf, and Ti
observed in the primitive mantle normalized multi-
element plots align closely with global calc-alkaline
lamprophyres. Various geochemical ratios (such as
Hf/Sm, Ta/La, Th/Yb, Nb/Yb, La/Nb, Ba/Nb) indicate
fluid-related subduction metasomatism in the mantle
source of the lamprophyre melt. Recently, few
lamprophyres have been identified in the western
margin of the Pakhal Basin near Bayyaram (Meshram et
al 2015),Thirtal (Adhikary,2024 a&b) and now
Madharam. This identifying lamprophyre indicates that
this may be a new identified lamprophyre magmatism
zone with in the EDC.
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