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during night and spawning is in water, 
floating on edges as colloid egg-mass 
(211–232 tablets) held with strong adhe-
sive force. Eggs are long oval (0.2 mm 
long, 0.08 mm wide) and yellow. Single 
egg-mass may take 4–8 days to complete 
hatching. The hatched-out larvae are not 
immediately free, but cluster to egg-mass 
and feed on gum, rapidly increasing the 
body size by almost 2.5 times. Later they 
migrate to floating leaf surface and pene-
trate through a circular hole of about 
0.2 mm. 
 The larvae are yellowish-brown and 
grow to 10–11 mm length (Figure 1 c); 
brown head with black mouthparts, ser-
rated big jaws, five antennae and gradu-
ally reducing to get embedded in the 
chest after thoracic clemency. Abdomen 
is cylindrical with two pairs of finger-anal 
gill units on posterior end. Mature larvae 
break the epidermis and move to the 
front of the floating upper surface of the 
leaf for pupation. Pupation starts within 
14–17 days after mining into the leaf and 
feeding. Pupa is 4–6 mm long, light green 
in silky cocoon and the pupal period var-
ies from 3 to 7 days. 
 Earlier reports show that leaf miners 
such as Liriomyza congesta (Becker), 
Melanagromyza cunctans (Meigen), Phy-
tomyza horticola (Goureau) (Diptera: 
Agromyzidae) and gallmidges such as 
Asphondylia melanopus (Kieffer), Con-
tarinia barbichei (Kieffer), C. loti (De 
Geer), C. medicaginis (Kieffer), Dasi-
neura loti (Kieffer) and Jaapiella loti-
cola (Rubsaamen) attack lotus during 
different stages of development8,9. But 
none of these symptoms and damage ex-
actly coincide with those developed by S. 
nelumbus. India in the past has witnessed 
continuous species invasions leading to 
severe imbalance to crop and human eco-
systems3. With shrinking barriers in the 
era of globalization, the chances of inva-
sion are burgeoning, even after strict 

quarantine enforcements19. Recent invad-
ers in the Indian ecosystems such as 
Erythrina gall wasp (Quadrastichus 
erythrinae Kim)20, spiraling whitefly 
(Aleurodicus disperses Russell)21 and 
coconut mite (Aceria guerreronis Kief-
fer)22 speak of alarming proliferation  
facilitated by the absence of natural 
enemies. No immediate trade barrier to 
India needs to be considered as far as the 
cultivation is domestic market-oriented, 
infestation remains localized and no  
alternate hosts are reported. However, 
quarantine procedures have to be rein-
forced when it comes to the international 
exchange of lotus material. Managing S. 
nelumbus invites special challenges since 
any chemical pesticide in the freshwater 
in such a wide area could be an ecologi-
cal far-reaching disaster. Environment-
friendly practice of draining the com-
mercial fields during the peak infestation 
to destroy the egg-masses is not applica-
ble to these low-lying ‘Kole’ lands. Our 
experiments with neem oil–soap emul-
sion spray at fortnightly intervals during 
the peak winter months have shown a re-
duction in severity by 63%. Concentra-
tions beyond 1% were supra optimal. 
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Geotechnical characteristics of siliceous sediments from the Central 
Indian Basin 
 
Geotechnical properties of sediments pro-
vide an insight into their behaviour when 
the natural state of deposition is changed 
due to artificial conditions. Acoustic and 
gamma-ray attenuation methods permit 
continuous recordings of physical prop-

erties with core depth. However, such 
studies invariably require large invest-
ment, undisturbed sediment core and 
ship time with geotechnical instrumenta-
tion. Although it is easy to collect data 
from shallow-water sediments, collection 

of undisturbed deep-sea sediments is dif-
ficult. The properties are closely correla-
ted1, since their penetration depends 
upon the physico-mechanical condition 
of the sediment. Moreover, sediment type, 
shear strength and burrowing capacity of 
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benthic organisms are mutually inter-
related. Geotechnical properties are also 
known to affect the distribution and 
abundance of benthic organisms and ver-
tical distribution of meibenthos2. Here 
geotechnical characteristics of sediments 
from a selected area in the Centeral In-
dian Basin (CIB) are described.  
 The study area (10 × 10 nm at 10°S, 
76°E) used for environmental assessment 
studies of deep-sea mining in the CIB is 
composed of siliceous ooze/clay, and 
marked with very low sedimentation 
rates3 of 2–2.5 mm ky–1 and water depth 
of about 5400 m. Bathymetric profiles4 
showed that the area has flat topography 
and nodule abundance of 2 kg m–2.  
 A box core (50 × 50 × 50 cm) was used 
to collect the ten sediment cores from the 
study area (Figure 1) during the cruise 
AA Sidorenko-61. Acrylic tubes of 5.7 
and 12 cm diameter and 50 cm length 
were used to collect the sediments from 
each box core. Samples for water content, 
specific gravity and grain-size analysis 
were collected at 2 cm interval for first 
10 cm and at 5 cm thereafter, and were 
preserved in polythene bags at 4°C to 
avoid any water loss. Shear strength of 
the sediment was measured immediately 
on-board using vane shear apparatus 
(AIMIL, India) with rotation rate of 
90o min–1 and vane of 2.54 cm height and 
1.2 cm diameter. Water content was cal-
culated on dry basis after drying the 
sample for 24 h at 105°C and corrected 
for salinity5. Specific gravity was deter-
mined using specific gravity bottles6. Po-
rosity, void ratio and wet bulk density 
were estimated7 assuming complete satu-
ration of sediments. Sand, silt and clay 
percentages were calculated by standard 
pipette method8. The oriented glass slides 
were prepared from carbonate-free frac-
tion (<2 μm) and air-dried. Clay minerals 
were identified9 after glycolating the 
glass slides at 100°C and then passing 
through a Philips PW 1840 X-ray dif-
fractometer from 3° to 21° 2θ using 
CuKα radiation. The weight percentages 
of smectite, illite, kaolinite and chlorite 
were calculated9 using their peak areas 
from the X-ray diffractograms. 
 All cores have dark brown (5YR3/4) 
homogeneous sediments in the upper 
10 cm, followed by light yellowish-brown 
(10YR5/4) clays with intercalation and 
features of bioturbation. The maximum 
length of the cores obtained was 41 cm. 
 The geotechnical properties of clay 
sediments are strongly influenced by the 

fabric, i.e. structure, form and particle 
arrangement10. The sediments exhibit a 
wide range of specific gravity (1.81–
2.43) and porosity (85.9–92.4%). The 
average wet bulk density of 1.15 g cm–3 
(Table 1) is due to fine grain size, non-
clay and clay minerals, and voids pre-
sent. High porosity is attributed to radio-
larian fossil tests and bioturbation which 
leads to compression of the sediments. 
The silty-clay sediments have high con-
tent of illite (Table 1), and show medium 
to high plasticity11. Though smectite is a 
highly water-absorbing clay mineral12, it 
does not show relationship with any geo-
technical parameters. The high void ratio 
probably suggests isotropic fabric of par-
ticles in the illite-rich sediments ex-
plained by Bennett et al.13.  
 The X-ray analyses showed a poorly 
developed smectite peak but well devel-
oped illite, chlorite and kaolinite peaks in 
all the cores (Figure 2). It is reported14 
that illite and chlorite are essentially 
from the Himalaya–Tibet range, through 
the river system, whereas kaolinite is 
dominantly from Australia by aeolian 

and marine currents. Smectite is abun-
dantly reworked from weathering of ba-
salts and other continental rocks, and also 
from submarine volcanics. The poorly de-
veloped peaks of smectite in the present 
study support the earlier observation14. 
 Significant positive correlation (Table 
2) of water content with clay (r = 0.490) 
indicates control of very fine grains on 
the water content. Higher silt than clay 
content and very low amount of sand is 
due to poorly sorted grains, that lead to 
voids in the sediment. The water content 
does not show significant relationship 
with any particular clay mineral, though 
smectite is known to have high water-
retaining capacity. The microfabric of the 
sediments must have an important role as 
it affects the geotechnical properties, es-
pecially when siliciclastic platy particles 
have edge-to-face contacts with clay par-
ticles. This type of fabric gives high void 
ratio, high water content, and low wet 
bulk density15. Therefore, it is imminent 
that silt and clay particles in the sedi-
ments are more responsible for water 
content and porosity than clay mineral. 

Table 1. Summary of geotechnical properties of sediments from the study area 

 Minimum Maximum Average Standard deviation 
 

Water content (%) 308 504 399 52 
Specific gravity  1.81 2.43 2.19 0.18 
Porosity (%) 85.9 92.4 89.6 1.36 
Wet bulk density (g cm–3) 1.11 1.20 1.15 0.02 
Void ratio 6.07 12.13 8.9 1.3 
Shear strength (kPa) 2.15 14.72 7.16 2.91 
Sand (%) 0.09 9.8 1.7 1.64 
Silt (%) 34.84 71 45.7 8.1 
Clay (%) 25.65 64.58 52.42 9.0 
Smectite (%) 2.0 15.3 6.74 2.62 
Illite (%) 34.3 63.8 51.5 6.2 
Kaolinite (%) 10.4 26.9 18.92 3.3 
Chlorite (%) 14.88 32.13 23.1 3.9 

 
 

Table 2. Correlation matrix (n = 60, conf. level = 99%) 
 

 W G Sand Silt Clay Sm I K C ss 
 

W 1          
G –0.096 1         
Sand –0.464 0.074 1        
Silt –0.447 –0.04 0.469 1       
Clay 0.490 0.016 –0.590 –0.988 1      
Sm 0.004 –0.25 0.055 –0.067 0.039 1     
I –0.218 0.239 0.206 0.366 –0.385 –0.172 1    
K 0.224 –0.17 –0.26 –0.436 0.459 –0.13 –0.817 1   
C 0.154 –0.07 –0.15 –0.173 0.202 –0.292 –0.787 0.539 1  
ss –0.635 0.212 0.288 0.338 –0.375 0.196 0.256 –0.355 –0.24 1 

W, Water content; G, Specific gravity; Sm, Smectite, I, Illite; K, Kaolinite; C, Chlorite and ss, 
Shear strength. Bold numbers show significant correlations. 
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 A strong negative relationship of clay 
with silt (r = –0.988) supports that clay is 
dominant in the CIB sediments. In most 
of the samples illite is dominating and is 
of detrital origin. The shear strength is 
positively correlated to silt (r = 0.338) 
and inversely to clay (r = –0.375), indi-
cating that it is more controlled by clay 
than silt. The small amount of kaolinite 
(av 18.92%) present in the samples 
shows negative effect on shear strength. 
Strong relationship of water content with 
porosity (r = 0.799) and wet bulk density 
(r = −0.825) reported for other ocean 
sediments15 was observed in these sedi-
ments. Since earlier studies11 have shown 
that the siliceous sediments from the CIB 
are highly plastic, their shear strength is 
expected to be higher during in situ 
measurements than on-board measure-
ments.  
 High water content (308–504%) of the 
CIB sediments is related to clay and silt 
contents than any clay mineral composi-
tion. Shear strength of these cohesive 
sediments increases gradually with core 
depth and is related negatively with water 
content, clay per cent and kaolinite con-
tent. The positive relationship between 
silt content and shear strength could be 
due to flocculating characteristics of illite-
rich silt grains. High void ratio and po-
rosity indicate poor sorting of fine parti-
cles leading to isotropic fabric and high 
water content.  
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Figure 1. Box-core locations (solid circles) in the study area with bathymetric contours (in m). 
 
 

 
 
Figure 2. Typical X-ray diffractograms of <2 μm glycolated samples. S, Smectite; I, Illite; K, 
Kaolinite and C, Chlorite. 
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Occurrence of sandstone-type uranium mineralization in the  
Umthongkut area, Mahadek Basin, West Khasi Hills District,  
Meghalaya, India 
 
Exploration of the Upper Cretaceous 
Mahadek sediments by the Atomic Min-
erals Directorate for Exploration and Re-
search (AMD) over the last four decades 
has established the country’s two largest 
sandstone-type uranium deposits, viz. 
Domiasiat1–4 and Wahkyn5 in West Khasi 
Hills District, Meghalaya. Mahadek sedi-
ments are proximal sandy braided type 
deposited in fluvial environment4, which 
extends from the Jaintia Hills in the east 
to the Garo Hills in the west over a 
stretch of nearly 200 km. Significant 
uranium mineralization was located west 
of Umthongkut village (Figure 1) in part 
of T.S. No. 78K/15, about 205 km SW of 
Shillong, in the Mahadek sediments ex-
posed along deep gorges and escarpment 
sections accessible only by forest foot 
track. This correspondence deals with the 
location, geology, preliminary petrologi-
cal characters and genetic aspects of  
U-mineralization. 
 Geomorphologically, the area exhibits 
a highly dissected terrain with deep 
gorges, scanty plateau and sub-dendritic 
drainage pattern. Geologically, the area 
consists of Precambrian crystallines, 
Cretaceous fluvial Mahadek Formation 
and Tertiary marine Tura and Siju forma-
tions (Figure 1). Basement crystallines 
are represented by granite gneiss and 
migmatite, exposed to the west of Um-
thongkut nala and are unconformably 
overlain by the Upper Cretaceous Maha-

dek Formation that, in turn, is overlain 
by the Tura and Siju formations. The 
Mahadek Formation is predominantly 
arenaceous. On the basis of its colour, 
alteration, lithology, sedimentology, pe-
trology and depositional characteristics it 
is divided into Lower and Upper sedi-
ments6–8. The Lower Mahadek sediments 
are reduced, grey-coloured feldspathic-
arenite and feldspathic-wacke, rich in 
carbonaceous matter (Figure 2), pyrite, 
resin and petrified wood. These are shal-
low-dipping (5–7° due southwest) beds 
forming an east-facing, north-south 
trending escarpment that is exposed per-
sistently over a length of 1500 m with 
thickness varying from 5 to 60 m. The 
Upper Mahadek sediments are oxidized, 
purple-coloured, feldspathic-arenite and 
feldspathic-wacke. The Tura and Siju 
formations consist of arenaceous and 
calcareous components respectively, with 
thick seams of coal measuring up to 6 m.  
 The area has two sets of faults trend-
ing NNE–SSW and E–W. The fault pat-
tern and disposition of rocks indicate that 
the NNE–SSW trending fault is younger. 
These faults have played a major role in 
exposing the basement crystallines and 
Lower Mahadek sediments, which are 
otherwise concealed under the Tertiary 
country. There has been differential 
movement due to the pivotal nature of 
these faults. As a consequence, the Tura 
Formation has come in direct contact 

with the Lower Mahadek sediments in 
the southern part and with basement 
crystallines in northern and eastern parts.  
 In the Lower Mahadek sediments, six-
teen uraniferous zones of varying dimen-
sions and spread over an area of 1500 m × 
300 m were recorded (Table 1). The dis-
positions of these zones vary from 1 to 
15 m above the basement. Thickness of 
the mineralized zones in the middle and 
southern part of the area is more signifi-
cant compared to the northern part, as 
evident from the uranium content, di-
mension of uranium anomalies and host-
rock thickness. Cross-bedding, ripple 
marks and cut-and-fill structures are ob-
served occasionally in the host rock, in-
dicating it to be channel-fill sandstone. 
Physical assay ranges from 0.01 to 0.41% 
U3O8 (average 0.1% U3O8, n = 54) with 
spot values ranging from 0.7 to 9.98% 
U3O8 (n = 6). Sixty-one per cent of the 
samples shows disequilibrium in favour 
of the parent ranging from 15 to 250% 
(n = 36) and 36% in favour of the daugh-
ter, which ranges from 4 to 96% (n = 21); 
however, the two samples are in equilib-
rium.  
 Uranium mineralization is manifested 
as (a) U–C complex, (b) pitchblende, (c) 
coffinite and (d) U–Ti phases grading to 
brannerite. In addition, low concentration 
of uranium is associated with hydrated 
iron-oxide and clay. U–C complex occurs 
as thin streaks, layers, lumps and disper-


