RESEARCH COMMUNICATIONS

Occurrence of liddicoatite-bearing
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Rare and trace element study of pegmatites around
Sibagaon area of Sirohi region, Rajasthan, India
revealed that the pegmatites are of rare element class
and LCT (Li—Cs-Ta) type. Rare metal concentration
in these pegmatites is notably high against crustal ab-
undance, with Li ranging from 1007 to 10785 ppm, Rb
from 1285 to 9147 ppm, Cs from 36 to 1142 ppm, Ta
from 12 to 386 ppm, Sn from 54.22 to 2283.61 ppm
and F from 2724 to 48,275 ppm. Integration of EPMA
and LA-ICPMS analyses indicated that the main
Li-bearing mineral in pegmatites is lepidolite with Li
ranging from 21,599 to 28,178 ppm, which is economi-
cally worthwhile to process for Li, followed by elbaite
and rare mineral liddicoatite, which has not been
reported so far in India. Rare earth element (REE)
distribution pattern shows enrichment of LREEs than
HREEs, indicating that pegmatites are fractionated
and thus causing enrichment of rare metals. This re-
porting of liddicoatite-bearing LCT pegmatites from
Sirohi region with high anomalous values of rare met-
als can therefore be a good prospect for rare metal
exploration in India in the present economic scenario.
These pegmatites have indicated a syn-collisional
signature and may be related to the accretion of Mar-
war craton with greater Indian land mass along the
Phulad Shear zone.
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THE Aravalli-Delhi Fold Belt in northwestern India is a
NE-SW trending, long mountain chain which consists of
multiply folded and polymetamorphosed rocks' . It has
always been one of the prime targets for exploration of
base metals, radioactive elements, rare earth elements
(REEs) and rare metals® '’. The closing of Delhi orogeny
in northwest (NW) India has led to widespread intrusion
of granites and pegmatites. Pegmatites are important
sources of rare metals, mainly Li, Cs, Ta, Nb and REEs'".
The Sirohi region situated in the southwestern sector of
NW India hosts widespread granitic and pegmatite
bodies. Many workers in the past decades have carried
out studies in this region, which were mainly focused on
magmatism'?, granite geochemistry'’, granite intrusion-
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induced deformation', tungsten mineralization'>'* and

distribution pattern of radioactive elements’. However,
detailed studies on rare metal mineralization have not
received much attention.

This study presents the results of systematic geochemical
characterization and potentiality of rare metals, mainly
lithium, cesium and rubidium of pegmatites in the Sirohi
region. Detailed geochemistry of rare metal-bearing
mineral phases is also carried out along with first time
reporting of the mineral liddicoatite in India. The study
also compares the geochemical features and rare metal
potentiality of pegmatites of Sirohi region with the world
class Tanco pegmatite deposit'’ at Bernic Lake, in sou-
theastern Manitoba, Canada.

The Sirohi region comprises of NE-SW trending ridges
formed by Neoproterozoic metasediments of the Sirohi
Group®. These are fringed on both the eastern and western
sides by Erinpura granite and gneisses, and are associated
with large-scale faults and shears zones''®!” (Figure 1).
Around Sibagaon area, located about 15 km towards
northeast of Sirohi, a series of pegmatite bodies intruding
the rocks of the Sirohi Group are present. Sirohi Group of
rocks in the study area is mainly calc-silicate, quartzite,
mica schist and phyllite. Pegmatites found in the area are
coarse-grained, mainly composed of quartz, feldspar,
lepidolite, muscovite and tourmaline (Figure 2). Pegma-
tites mostly maintain strike continuity with varying
width. Marginal areas of pegmatites are medium to fine-
grained and rich in feldspar, whereas the core is quartz-
rich. Lepidolite mica is generally associated with feldspar.
In most of the pegmatites tourmaline is concentrated in
marginal areas, whereas in few pegmatites it is also
present in the core part.

The electron probe micro analysis (EPMA) of pegma-
tite samples on polished thin-sections was carried out
(CAMECA SX 100 electron microprobe) in the National
Centres of Excellence in Geoscience Researches (NCEGR)
laboratory of the Geological Survey of India (GSI) at
Faridabad. Operating conditions were 15 keV accelerat-
ing voltage and probe current of 20 nA. Analyses were
done using a beam diameter of 1 um, along with all
natural standards. The concentration of trace elements in
different mineral phases in pegmatite on polished
thin-sections was determined using Laser Ablation Induc-
tively Coupled Plasma Mass Spectrometry (LA-ICPMS)
at the LA-ICPMS Laboratory, NCEGR, Faridabad, with a
CETAC Technologies 213 nm LSX G2 laser ablation unit
coupled with a Agilent Technologies 7700x mass spec-
trometer. The LA-ICPMS was operated at 1350 W plas-
ma power. Helium was used as the carrier gas, with a
flow rate of 550 ml min~' through the sample cell. Laser
ablation conditions were: laser power ~2.5 Mj, with pulse
frequencies 10 Hz and spot sizes of 30 um, carrier gas
flow (He + Ar) of 1.45 1 min™' in the ICP unit. The nebu-
lizer flow rate was 0.9 I min'. Each analysis consisted of
60 sec of background analyses and 30 sec of ablation
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Figure 1. Geological map of Aravalli-Delhi Fold Belt (modified after Gupta et al.> and de Wall et al.").

Figure 2. Field photographs showing (a, b) pegmatites exposed in study area and (¢, d) lepidolite
in pegmatites.
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Figure 3. Photomicrographs of pegmatites showing (a, b) coarse lepidolite (Ipd), (c¢) kink bands in lepidolite, (d) bent twin lamellae of plagio-
clase feldspar (Plg), (e) perthite (Per) and myrmekite (myr) along the contact of potash feldspar (K-felds) and (f) tourmaline (Trm) being replaced

by feldspar.
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Figure 4. Geochemical plots of pegmatite showing classification of (a) feldspar, and (b) mica in Li-R**-Al diagram of Foster. (c)
Si+ Li vs Al" + Al" plot of lepidolite showing the substitution mechanism in lepidolite.

time. Data reduction was carried out using the GeoPro
software (CETAC). Calibration for the analysis was
carried out using NIST 610 and NIST 612 glasses as
external standards'®. Also, ’Si was used as an internal
standard in the analysis. The whole-rock analyses of
pegmatite samples was carried out for REE and trace
element concentration using Varian 800 ICPMS and
Panalytical Axios XRF, at the Chemical Laboratory, Geo-
logical Survey of India, Jaipur.

Petrographic studies revealed that the pegmatites are
coarse-grained showing equigranular texture with mostly
euhedral to subhedral grains and consist of mainly K-

CURRENT SCIENCE, VOL. 118, NO. 5, 10 MARCH 2020

feldspar, plagioclase feldspar, quartz, lepidolite mica,
muscovite and tourmaline with fluorite as the accessory
phase (Figure 3). Plagioclase is corroded at the margins
with development of perthitic K-feldspar. At places along
the grain boundary of K-feldspar, well-developed myr-
mekite is presently replacing K-feldspar (Figure 3 e).
EPMA analyses show that plagioclase composition
ranges from albite to oligoclase (Figure 4 a). For mica,
generally major and trace element composition is ana-
lysed using EPMA with limitations to detect the lightest
elements such as Li, He and H, which are determined
using stoichiometry. In the present study, therefore, a
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Table 2.

Classification of pegmatites of Sibagaon area, Sirohi district, Rajasthan, India

Typical minor elements with
geochemical signatures (ppm)

Pegmatite type and family

Significant feature

Li— 1007 to 10,785 (average 2878)

Rb — 1285 to 9147 (average 3871)

Cs —36 to 1142.41 (average 295)

Sn —54.22 to 2283.61 (average 548.83)
Be — 6 to 822 (average 145)

Ta—12 to 386 (average 86)

Nb — 19 to 132 (average 47), Ta > Nb
F —2724 to 48275 (average 14593)
P—-50to 1528

REL class, LCT family**

Very fertile

Xevacant Schorl

group

Alkali A

@ 21
[

E’bailr‘

LSLi(Y)
000 1.00

©

1L.oo

Dravite Feruvite

group 108, 00 100 )

e 0,00 0.50 1.1 |‘|',nu 050 1,60
) .00 0.58 100 Fe ' (Y) Mg (Y) Fe'(Y) Mg (Y]
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Figure 5.

Classification of tourmaline from pegmatites of the study area. a, Ternary classification based on dominant occupancy of the X-site.

b, Ternary classification of alkali group of tourmalines. ¢, Ternary classification of calcic group of tourmalines.

100000

TTTTm

10000

1000

T

100

Sample/primitive mantle

T T T

TTTTm

100

Sample/REE primitive mantle

001

Figure 6.
area. Normalizing factors from McDonough and Sun®®.

combination of EPMA and LA-ICPMS was used for mica
analyses (Table 1). The ternary R**-Li-R*" diagram'
(Figure 4 b) shows that most of the micas are lepidolite,
with a few muscovite. LA-ICPMS analyses indicate that
Li in lepidolite ranges from 21,599 to 28,178 ppm. The
main substitution mechanisms which operated in lepidolite
is 2Si + Li <> 3AI"*™ indicated by an inverse relation be-
tween the Si+ Li vs Al'' + AI" plot (Figure 4 ¢). This is
in agreement with the findings of mica from the Tanco

814

(a) Primitive mantle-normalized multi-element plots and (b) primitive mantle-normalized REE plots for pegmatites of the study

pegmatite deposit'>?°, which also contains lepidolite

showing the same substitution mechanism. For tourma-
line analyses also, a combination of EPMA and LA-
ICPMS analyses was used. Tourmaline structural formula
was calculated using winTcac programme®'. Table 1 pro-
vides the representative analyses of tourmaline. Based on
X-site occupancy classification®”, tourmaline from peg-
matites of the study area belongs principally to the alkali
group and a few to the calcic group (Figure 5a). The

CURRENT SCIENCE, VOL. 118, NO. 5, 10 MARCH 2020
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(a) Nb vs Y and (b) Rb vs (Nb + Y) tectonic discrimination diagrams of Pearce ef al.*’ VAG, Volcanic arc

granites; Syn-COLG, Syn-collisional granites; WPG, Within plate granites and ORG, Ocean ridge granites. The x-axis has
been modified to accommodate low values of Y and Y + Nb in (@) and (b) respectively.

alkali group of tourmalines shows a varying range of
composition and are classified from elbaite to dravite
(Figure 5 b)**. Depending upon the predominance of Li’,
Fe*" or Mg®" on the Y-site, the calcic group of tourma-
lines are found to be of liddicoatite-type (Figure 5 c).
LA-ICPMS analyses of these tourmalines show Li con-
tents ranging from 2,171 to 10,902 ppm.

Classification of pegmatites was carried out on the
basis of rare and trace element concentration (Table 2).
Pegmatites were classified into rare element (REL)
class®?*. Based on the family system of petrogenetic
classification, these pegmatites were classified as LCT
(Li—Cs—Ta) typeB’“, with enrichment of Li, Rb, Cs, Ta,
Sn, F, P, etc. Li concentration ranged from 1,007 to
10,785 ppm, Cs ranges from 36 to 1142.41 ppm, Rb
ranges from 1285 ppm to 9147 ppm and Ta ranges from
12 to 386 ppm (Table 3).

Trace element pattern of pegmatites shows relative
enrichment of the light (LREEs) and middle (MREEs)
rare earth elements over the heavy rare earth elements
(HREEs). The REE pattern displays strong negative Eu
anomalies (Figure 6b) and a distinct enrichment of Cs,
Rb, Nb and Ta with depletion in Sr and Ti (Figure 6 a).
Total REE concentrations are typically <100 ppm. These
rare element enrichment and depletion patterns in pegma-
tites of the study area are also consistent with published
data for rare-metal pegmatites of the LCT family*>*>*.
Trace element discrimination diagrams®’ show that
majority of the samples plot in the VAG + syn-COLG
field of Y-Nb and in syn-COLG field of (Y + Nb)-Rb
diagrams (Figure 7).

Detailed mineral chemistry has shown that pegmatites
of Sibagaon area, Sirohi region contain abundant lepido-
lite as the main lithium-bearing mineral, along with liddi-
coatite and elbaite. Liddicoatite is a gem mineral and is
very rare due to substantial concentration of Li and Ca in
it?®. It is found in abundance at the type locality in Mada-
gascar’™ ', and it is reported for the first time in India.
The occurrence of lepidolite with 21,599 to 28,178 ppm
Li in these pegmatites is also significant, as lepidolite is

CURRENT SCIENCE, VOL. 118, NO. 5, 10 MARCH 2020

economically worthwhile to process for lithium'>**%,

Rare and trace element study indicated that pegmatites of
Sirohi region are of LCT-type and REL class, with
enrichment of rare metals, mainly Li, Cs, Rb and Ta (Ta-
ble 3), which are of much higher concentration against
their crustal abundance that is 20 ppm for Li, 3 ppm for
Cs, 2 ppm for Ta and 90 ppm for Rb**. Pegmatites of the
study area can thus be comparable with the Tanco pegma-
tite deposit in Canada'>*® which is LCT-type of pegma-
tite with lepidolite as Li-bearing mineral and shows
similar fractionation trend as well as similar enrichment
of rare metals. Pegmatites of the study area therefore can
be a potential target for locating important resources of
rare metals in India in the present economic scenario.
Rare and trace element data also show high concentration
of Rb, which may be attributed to abundance of musco-
vite and K-feldspar. Sr and Ti depletion can be explained
by fractionation of plagioclase and Ti-oxide. Negative Eu
anomaly along with low concentration of Sr can also be
correlated with plagioclase fractionation. Low concentra-
tion of U, Th, etc. suggests limited crustal signature.
Collisional signature is depicted from trace element dis-
crimination diagrams®’ of the pegmatites (Figure 7). This
may be attributed to accretion of the greater India land
mass with the Marwar Craton that took place along the
terrane boundary Phulad Shear Zone® located towards
east of Sirohi region.
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