RESEARCH COMMUNICATIONS

revealed by weather radar. Q. J. R. Meteorol. Soc., 2010, 136,
222-238.

16. Vinoj, V., Rasch, P. J., Wang, H., Yoon, Jin-Ho, Landu, K.,
Singh, B. and Ma, Po-Lun, Short-term modulation of Indian sum-
mer monsoon rainfall by West Asian dust. Nature Geosci., 2014,
7,308-313.

17. Platnick, S. et al., MODIS Atmosphere L3 Daily Product. NASA
MODIS Adaptive Processing System, Goddard Space Flight
Center, USA, 2015; http://dx.doi.org/10.5067/MODIS/MODOS8 _
D3.006.

18. Huffman, G. J. et al, The TRMM Multisatellite Precipitation
Analysis (TMPA): quasi-global, multiyear, combined-sensor pre-
cipitation estimates at fine scales. J. Hydrometeorol., 2007, 8, 38—
55.

19. Dee, D. P. et al., The ERA-interim reanalysis: configuration and
performance of the data assimilation system. Q. J. R. Meteorol.
Soc., 2011, 137, 553-597.

20. Saha, S. et al., The NCEP climate forecast system reanalysis. Bull.
Am. Meteorol. Soc., 2010, 91, 1015-1057.

21. Rao, Y. P., Meteorological Monograph Synoptic Meteorology, No.
1/1976: South West Monsoon, India Meteorological Department,
1979, pp. 1-379; http://imdpune.gov.in/Weather/Reports/sw%20
monsoon%20whole%20book.pdf

22. Pant, G. and Kumar, K., Climates of South Asia, John Wiley,
Hoboken, NJ, USA, 1997.

23. Tyrlis, E., Lelieveld, J. and Steil, B., The summer circulation over
the eastern Mediterranean and the Middle East: influence of the
South Asian monsoon. Climate Dyn., 1997, 40, 1103.

24. Najafi, M. S., Sarraf, B. S. and Zarrin, A., Climatology of atmos-
pheric circulation patterns of Arabian dust in western Iran. Envi-
ron. Monit. Assess., 2017, 189, 473.

25. Bollasina, M. and Nigam, S., The summertime ‘heat’ low over
Pakistan/Northwestern India: evolution and origin. Climate Dyn.,
2011, 37,957-970.

26. Krishnan, R., Kumar, V., Sugi, M. and Yoshimura, J., Internal
feedbacks from monsoon—midlatitude interactions during droughts
in the Indian summer monsoon. J. Atmos. Sci., 2009, 66(3),
553-578.

27. Anoop, T. R. et al., On the generation and propagation of Makran
swells in the Arabian Sea. Int. J. Climatol., 2019, 1-9.

ACKNOWLEDGEMENTS. We thank the following data sources:
ECMWF ERA Interim, NOAA CFSR, NASA MODIS AOD and
TRMM rainfall product. This study was supported by the Ministry of
Earth Sciences, Government of India. We thank the Director, National
Centre for Earth Science Studies, Thiruvananthapuram for encourage-
ment and support.

Received 17 September 2018; accepted 20 June 2019

doi: 10.18520/cs/v117/15/852-858

858

Boron measurement in tourmaline
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Tourmaline group of minerals, the primary source of
boron, are cyclosilicates which are widespread in the
earth’s crust. Earlier studies involving the nomencla-
ture and classification of tourmaline were based on
the measurement of its common elements (Al, Mn, Fe,
Mg, etc.). In all such studies, boron was assumed to be
fixed in the composition and restricted only to the tri-
angular structural site. However, recent discovery of
the presence of boron in the tetrahedral structural site
as well, necessitates the measurement of boron con-
tent. Much of the earlier attempts to measure boron
were based on solution methods, and electron micro-
probe analysis (EPMA) was the least used due to low
levels of detection of its analytical crystals. In the
present study, we quantify boron — particularly along
with fluorine and other major elements —in tourma-
line grains using high-sensitivity PC3 analytical cry-
stal. We found that the measured boron content
slightly exceeds that of the stoichiometrically calcu-
lated boron. Also, the studied tourmalines come under
the alkali group in general and belong to the schorl-
dravite solid solution series in particular.

Keywords: Boron, electron probe micro analysis, peg-
matite, tourmaline.

TOURMALINE group of minerals are cyclosilicates with
significant amount of boron and are widespread in the
earth’s crust. Tourmaline is regarded as a good indicator
for understanding the crustal evolution because its para-
genesis extends to a wide range of physico-chemical
fields and can constitute a petrological indicator' . Being
a chemically and mechanically resistant mineral, its
occurrence in clastic sedimentary rocks is common™”.
Tourmaline can also form during the late stage of diage-
nesis®”’. It can be related to two completely miscible solid
solution series: schorl-dravite and schorl-elbaite.
Some common end-members in the tourmaline group
include schorl, dravite, elbaite, tsiliasite, uvite, liddicoa-
tite, alkali-defect tourmaline, proton-deficient tourmaline,
buergerite and ferridravite'”.
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a, Outline map of India showing different cratons of the Indian Shield*. b, Geological map

of the study area located in the Chhotanagpur Gneissic Complex (CGC), eastern India*’.

Tourmaline can be defined with the generalized formula
XY3Z5(TsO15)(BO3);VsW (ref. 11). It has two different
types of octahedral sites: Z site and the slightly larger ¥
site'>"®. The Z site is filled by Al, but Fe**, Fe**, Ti, Mg,
Cr and V¥ can also replace it'**°. The relatively larger ¥
site allows extensive elemental substitutions involving
monovalent, divalent, trivalent and quadrivalent cations
such as Li, Mg, Fe?’, Mn?', Zn, Al, Cr'*, V**, Fe**, Ti*"
(refs 17, 21-23). The X site accommodates Na, Ca, Mg
and vacancies®. Boron (=3) has no apparent substitution
in the triangular site”>*°. However, excess boron (>3) can
substitute for Si in the tetrahedral (T) site’’ *'. F~ or O*
can substitute for OH™ in the hydroxyl sites V and W**32,

Knowledge about the concentration of low atomic
number elements (boron, oxygen and fluorine) in tourma-
line is significant in understanding the crystallization his-
tory. Quantification of low atomic number elements,
especially that of boron, was previously attempted using
different methods. For example, Iyengar’” measured
boron in fibrous tourmaline by the wet chemical method;
Babu®* estimated boron in achroite variety of tourmaline
by the gravimetry method. Bastin and Heijligers®
analysed boron in chemical compounds (TiB,, ZrB,)
using electron microprobe analysis (EMPA). Ertl et al.*®
showed using secondary ion mass spectrometer (SIMS)
that (i) B and Al substitute for Si at the tetrahedral T site,
and (ii) B and Al show inverse relation from core to rim
at the T site in tourmaline of the Himalaya mine, Mesa
Grande, California, USA. On the other hand, tetrahedral
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boron (>3) concentration at the T site by combining
chemical, crystallographic and spectroscopic data with
NMR study has also been reported’’'. Henry er al.’’
came up with an assumption, based on total concentration
of boron in various tourmaline series, that this element
fully occupies the triangular B site and can be calculated
using stoichiometric constraints (i.e. B =3). Thus,
despite the fact that chemical analysis of boron was
attempted, earlier studies involving EPMA have been
limited on geological samples; they also lacked analytical
accuracy and precision, and hence were not satisfactory.

In recent years, advancement in technology through the
development of new EPMA models involving high-
sensitivity crystals has further increased scientific interest
in the characterization of minerals containing elements
with low atomic number (<9), such as beryllium, boron,
carbon, nitrogen, oxygen and fluorine, which motivated
us to initiate the present study. Here we quantify boron
together along with fluorine and other major elements in
tourmaline grains using SXFive EPMA made by
CAMECA, France.

The east-west trending Chhotanagpur Gneissic Com-
plex (CGC) is a sub-arcuate belt of the east Indian
Shield®®* (Figure 1 a). The study area in CGC is marked
by two dominant lithologies, namely: (i) granite-gneiss,
and (ii) phyllite and mica schist. The granite-gneiss has
enclaves of older ENE-WSW trending supracrustals
which contain metabasics, metapelites and metapsam-
mites*'. Several basic to metabasic dykes cross-cut the
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Figure 2. Photomicrographs of tourmaline occurring in Simdega pegmatites. a—f, Tur I showing no optical zoning. g—i, Tur II showing
optical zoning. f'and i are backscattered electron images. Mc, Microcline, Tur, Tourmaline; Qtz, Quartz.
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Figure 3. Wavelength dispersive spectra of boron produced at different voltage and current values
using PC3 crystal at two different standards (boron metal standard and boron nitride (BN) standard).
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Figure 4. WDS spectra of boron generated at 15 kV and 100 nA at: (a) BN standard using PC2 crystal; () tourmaline

sample using PC2 crystal; (¢) BN standard using PC3 crystal
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Figure 5. Binary plot between measured boron and calculated boron.

country rock (Figure 15). Phyllite and mica schist domi-
nantly occur in the southern part having veins and
patches of quartzite and limestone of varied composition.
Tourmaline development is common in the form of
quartz—tourmaline pegmatitic veins at the contact region
of granite-gneiss and metapelites. Two types of tourma-
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and (d) tourmaline sample using PC3 crystal.

line in the pegmatitic veins have been observed from the
Simdega area, i.e. Tur I: euhedral prismatic brown schorl
tourmaline with no apparent optical zoning collected
from the Konskeli, Kolangdega and Kodopani villages,
and Tur II — oval to prismatic, green dravite tourmaline
cluster showing optical zoning collected from the Bongera
(Figure 2).

The electron probe microanalyser has five spectrome-
ters (SP1-LiF, SP2-PC3, SP3-LPET, SP4-LTAP and SP5-
PCO0) and a combination of different crystals installed in
these spectrometers. Thin sections were coated with
20 nm thin layer of carbon (LEICA-EM ACE200 carbon
coater). Analytical conditions were tested on the two
standards, viz. boron (B) metal standard and boron nitride
(BN) standard both of which were provided by
CAMECA, France (Figure 3). A focused beam of diame-
ter ~1 um was used on the homogeneous volume of the
sample throughout the analysis. During the experiment
heterogeneity, other than composition difference affect-
ing X-ray counts, is least since we carefully polished the
samples. Repeated analysis was done and more than 500
points were analysed during the experiment at an accele-
rating voltage of 15 kV and current of 40 nA. A special
type of crystal (PC3) was used for the measurement of
light elements like Be, B and C, which also prevents
overlapping of the counts produced by other similar types
of elements. The instrument was operated with SXFive
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Table 1. Electron probe microanalyser calibration settings for tourmaline quantification. The X-ray spectral lines used along
with details of natural and synthetic standards are listed

Atomic  Element Peak time Background Background Standard intensity
number X-ray Crystal (ns) (—ve) (+ve) Standard Composition (cps/nA)

5 B—K, PC2 30 —4500 +1000 Boron nitride BN 49.92

5 B-K, PC3 120 —4000 +2500 Boron nitride BN 369.978

9 F-K, LTAP 10 =500 +500 Fluorite CaF, 49.529

11 Na—K, TAP 10 -500 +500 Albite NaAlSi;Og 387.505

12 Mg-K, TAP 10 =500 +500 Periclase MgO 896.505

13 Al-K, TAP 10 =500 +500 Corundum AL O; 1053.184

14 Si—K, TAP 10 =500 +500 Wollostonite CaSiOs 464.060
17 CI-K, PET 10 =500 +500 Sodium chloride NaCl 176.506

19 K-Kg PET 10 =500 +500 Orthoclase KAISi;04 69.222
20 Ca—-K, PET 10 =500 +500 Diopside CaMgSi,06 354.887
22 Ti-K, LIF 10 =500 +500 Rutile TiO, 58.679
25 Mn-K, LIF 10 =500 +500 Rhodonite MnSiOs 36.529
26 Fe-K, LIF 10 -500 +500 Hematite Fe, 05 79.794

software using LaBg as the filament in the gun source.
Andradite, a natural silicate mineral, was used to verify
positions of crystals in all five spectrometers.

The PC2 and PC3 crystals have been installed in the
SP2 spectrometer. In the PC3 crystal, only three ele-
ments, i.e. beryllium, boron and carbon can be accommo-
dated at very far positions. Hence a wide range of
background offset can be selected with least interference.
Peak shift and peak alteration is a common phenomenon
in the quantification of low atomic number elements, and
can be reduced by the selection of a crystal that contains
the least number of elements. The resulting large back-
ground offset value can be used in the measurement, and
the PC3 crystal fulfils this requirement. In the wavelength
dispersive spectra (WDS), spectra of boron generated by
the PC2 crystal (Figure 4a and b), on the BN standard
and a tourmaline sample peak shift is relatively large
compared to that of PC3 crystal (Figure 4 ¢ and d). Hence
we infer that the PC3 crystal is more suitable for the
quantification of boron with higher satisfaction.

862

Table 1 presents the analytical conditions for boron in
spectrometer SP2 along with those for major oxides. The
X-ray intensity displays an inverse relation with voltage
at the same current for boron, which is due to the migra-
tion of volatile elements (Figure 3). The X-ray intensity
is best tested at low voltage and current, but we have used
15kV and 40 nA since excitation of X-rays of other
elements present (Fe, Mg, Al, etc.) is reduced at such a
low voltage and current.

The calibration of B-K, was carried out at 15 kV and
40 nA using BN standard with the background offset
ranging from —4500 to +1000 on the PC2 crystal and
from —4000 to +2500 on the PC3 crystal attached to the
SP2 spectrometer. The time for analysis was set to 30 sec
each for the peak and the background. The WDS spectra
was generated at 15 kV and 100 nA. The observed stan-
dard intensity of B-K, on PC2 crystal at BN standard
was 49.92 cps/nA, whereas on the PC3 crystal it was
369.97 cps/nA for the same analytical conditions. Since
the standard intensity of PC3 is approximately 7—8 times

CURRENT SCIENCE, VOL. 117, NO. 5, 10 SEPTEMBER 2019
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higher than that of the PC2 for same analytical condi-
tions, the former is more useful for measurement of boron
concentration.

In the present study, five samples of tourmaline col-
lected from different pegmatitic veins of CGC were ana-
lysed. The composition of tourmaline in terms of the
major element oxides, viz. SiO, (33.52-35.63 wt%),
ALO; (30.15-33.24 wt%), TiO, (0.05-2.33 wt%), FeO
(6.84-17.16 wt%), MgO (0.89-7.00 wt%), Na,O (1.41—
2.30 wt%), F (0.0-0.69 wt%) along with B,O; (10.58-
11.56 wt%) was measured (Table 2). Stoichiometric min-
eral formula was calculated using a computer program
developed by Julie Seley and Jian Xiang***. The meas-
ured boron content was compared with that calculated
(Figure 4) since the presence, albeit very limited, of bo-
ron at the tetrahedral T site has been reported in tourma-
line from several localities. For example, tetrahedral
boron ('YB) contents were reported with: (i) ~0.25 apfu
from a schorl in a pegmatite near Stoffhiitte, Koralpe,
Styria, Austria**; (i) ~0.40 apfu from a olenite in a peg-
matite at Olenii Ridge, Russia® and (iii) ~0.17 apfu from
the metamorphic dravite in Syros, Greece®. In the stu-
died samples, the measured boron content is slightly
higher (10.58-11.56 wt%) compared to that calculated
(9.96-10.53 wt%; Figure 5).

Tourmaline from the studied samples comes under the
alkali group in general (Figure 6a) and belongs to the
schorl-dravite solid solution series in particular. Brown
tourmaline has been classified as schorl, whereas green
tourmaline as the dravite variety (Figure 6 b). This study
highlights that boron measurement in tourmaline can be
made using electron probe microanalysers equipped with
PC3 crystal, and the resulting data can be used to better
constrain its paragenesis.
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3Cs — a potential environmental
marker for assessing erosion-induced
soil organic carbon loss in India
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The use of Cesium-137 (**’Cs) as a potential environ-
mental marker was examined for estimating soil ero-
sion induced carbon losses on slopping agricultural
land. Depth-wise incremental soil samples were taken
from uneroded reference sites and four levels of culti-
vated slopping lands representing different erosion
P3171ase in Doon valley region of India. Comparing the

Cs inventories for eroded sites with the reference
inventory, the erosion rates were computed. The esti-
mated erosion rates were then compared with the
actual measured values of erosion at each erosion
phase. Since soil erosion preferentially removes the
finer soil particles, these results were used to assess
erosion induced loss of OC. The result indicated that
erosion in different phases relocate 137 kg C ha™ in
slightly eroded plots to 384 kg C ha™' in severely
eroded plots which in turn contributes to 27 to
77 kg C ha™' the atmosphere as net source of C respec-
tively.

Keywords: "*’Cs technology, soil erosion, soil erosion
induced C-loss, soil conservation, slopping agricultural
land.

SOIL erosion at slow rates is acceptable'. However, if it
goes beyond the soil regeneration rate, then soil erosion
becomes a destructive process®*. Anthropogenic activi-
ties such as intensive cultivation and inappropriate soil
management techniques have accelerated the process of
soil erosion, therefore, worldwide it is now described as
the principal form of degradation'*. The demand for
more agricultural productivity increased the pressure on
land, leading to accelerated soil loss> .

Hill and mountain landscapes are most susceptible to
erosion. Globally, nearly 1.1 billion ha (b ha) of land area
is affected by water-induced erosion, of which about
0.75bha is in a severe state'. Erosion process impacts
the redistribution of soil material, including carbon collo-
ids within a landscape® "%,

*For correspondence. (e-mail: nishi28nov@gmail.com)
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