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ABSTRACT

Surface and borehole sampling along a ~80 km section of the lower Tista river, northwestern
Bangladesh, indicated that the river sands offer significant potential as a heavy mineral (HM)
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resource. Characterisation of sediments from the surface to 15 m depth showed that the

sand-sized component was dominated by quartz, feldspar, mica, lithic fragments, amphibole
and pyroxene group minerals. The most common particle size was between +125-500 um
with 84 wt-% of all material reporting to this size range. Laterally spaced sampling indicated

KEYWORDS

Tista river; heavy minerals;
Rajpur mid-channel sand bar;
HM resource maps

slight grain size coarsening upstream. Heavy liquid separation studies revealed that HMs
such as ampbhiboles, micas, garnets, aluminosilicate (Al2SiO5) phases, ilmenite and zircon
made up ~10.99% (on average). The percentage of valuable HMs (ilmenite, rutile, zircon,
monazite, garnet) was 2.47% (average). Detailed borehole sampling and resource mapping of
a large, mid-channel sand bar showed that placer-style HM accumulations occur upstream

and along the margins of the bar.

Introduction

Heavy minerals (HMs) are usually defined as those
with a specific gravity >2.6 gcm™ and include the
highly sought-after element species gold and platinum.
The majority of valuable heavy minerals (VHMs),
however, occur as oxides and include economically
important minerals rich in titanium, zirconium and
rare earths (RE) as well as less VHMs including garnet,
staurolite, sillimanite, etc. (Table 1). HMs typically
occur in very low concentrations in a variety of
igneous, metamorphic and sedimentary rock types
and, being chemically and physically resistant to
weathering, survive weathering and erosion of the
host before being transported to low energy deposi-
tional sites. Economic concentrations of HMs are
usually found in fluvial (e.g. sand bar) or beach shore-
line (e.g. strandline) environments.

Bangladesh has known concentrations of HM sands
along the southern and eastern coastlines associated
with shoreline beach placer deposits (Mitra et al.
1992; Islam 1997; Kabir et al. 2006; Rajib et al. 2007).
The identified HM suite of interest from these occur-
rences includes the minerals ilmenite, rutile, zircon
and RE-containing monazite. Opportunities for devel-
oping HM deposits in Bangladesh have largely focused
on the high-grade coastal sand deposits (Ahmed et al.
2010); however, recent work by Rahman et al. (2014,
2016) has explored the emerging potential for sourcing
HMs from the widespread river sand bar placer depos-
its associated with some of the extensive sand-bedded

river systems (e.g. the Brahmaputra-Jamuna and
Ganges-Padma systems). These systems source sedi-
ments from a vast area extending across the tectoni-
cally active Himalayan Range (Garzanti et al. 2004)
and represent a potentially large resource of VHMs.

River concentrations of HM are typically of low
grade and wusually comprise around 1-2% HMs,
although several are higher grade (Zaman et al. 2012;
Rahman et al. 2014). In comparison, beach or shoreline
placer deposits can contain up to 23% total HM.
Although of low grade, the latest estimated annual
sediment load carried by the river systems in Bangla-
desh is about 2.4 billion tonnes highlighting the fact
that these represent accumulations that are renewable.

The concentration of HM grains in sand-sized terri-
genous sediments may fluctuate considerably because
of several factors including provenance, sedimentary
processes and post-depositional dissolution (Mange
and Maurer 1992; Morton and Hallsworth 1999).
Nonetheless, the chemical composition of mineral
grains, their intergrowths with other minerals of simi-
lar size or with accessory minerals included in HM
aggregates, may successfully be used to characterise
the HM assemblage with respect to provenance and
supergene alteration (Morton 1991; Dill 1998; Morton
and Hallsworth 1999; Dill 2007).

This study has concentrated on the identification,
description and abundance of the HM fraction in sedi-
ments sourced from the Tista river basin in northwes-
tern Bangladesh, close to the border with India. The
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Table 1. Common economically important elements and
minerals associated with HM placer-style deposits.

HM Ideal formula SG
Element species
Gold Au 15.6-19.3
Platinum Pt 14-19
Diamond C 35
Oxide species
llmenite Fe?*TiO; 47-438
Rutile TiO, 4.2-5.5
Anatase TiO, - low T polymorph 3.8-4.0
Pseudorutile  Fe3*Ti;0, ~3.8
Leucoxene Alteration product of ilmenite 43-46
Zircon ZrSi0, 4.6-4.7
Monazite CePO, 5.0-53
‘Spinel’ General name for mineral group with the 3.5-5.2

formula - AB,0, where A = Fe*", Mg) and

B=(Cr'Y, AP
Garnet Fe2*Al,Siz04, — almandine 3.5-43
Staurolite Fe2*AlySi,0,3(0H) 3.7-3.8
Sillimanite AlLSiOs — high T polymorph 3.2-33
Kyanite AlLSiOs — high P polymorph 3.5-3.6
Corundum Al,O3 4.0
Quartz Si0, 2.6-2.7
Titanite CaTiSiOs 3.45-3.55
Cassiterite Sno, 6.8-7.0
Wolframite (Fe,Mn)WO, 7.1-75

geomorphic, depositional environment, provenance
and hydrologic characteristics of the Tista fan located
in Bangladesh has previously been extensively studied
(Chakraborty and Ghosh 2010; Ghosh 2015; Khan
and Islam 2015), while the Siwalic sediments of the
Indian section of the Tista river valley was studied by
Kundu et al. (2012). Mineralogical studies of sediments
based on the surface sampling data (Garzanti et al.
2004; Rahman et al. 2014; Vezzoli et al. 2017) demon-
strated quartz, feldspar and low-rank metamorphic
lithic grains formed the major light mineral com-
ponent, whereas the HM suite comprised amphiboles,
garnet and sillimanite with minor opaques (magnetite,
ilmenite, rutile). A previous economic analysis of Tista-
derived sediments by Hossain et al. (2013) was limited
to an evaluation of the potential for producing glass
sand; while more recently, Rahman et al. (2017) con-
ducted a preliminary analysis of the economic viability
of the sands through a consideration of all potentially
recoverable components. In this current study, the
focus was on characterising the distribution, mineral-
ogy and abundance of the more VHM components
of the Tista river sediments, in particular, the minerals
ilmenite, rutile, zircon, monazite and garnet. Results
provide a starting point for the possible development
of Tista river sediments as a potentially renewable
resource of VHMs.

Study area and sampling

The Tista river is a tributary of the Jamuna river system
which flows through India and northern Bangladesh. It
flows in a southeast direction for a distance of approxi-
mately 309 km from its source region ~7000 m above
sea level in the Himalayan Pahunuri glacier in the

North Sikkim region (India) (Mukhopadhyay 1982)
where it drains tectonic units of diverse geology (Gans-
ser 1964; Vezzoli et al. 2017). The Tista river is fed by
tributaries arising in the Thangu, Yumthang and Don-
kia-La Ranges and is met by its main tributary, the
Rangeet river at Triveni, India. The Tista river enters
Bangladesh at the Kharibari border, Nilphamari dis-
trict, whereupon it flows ~124 km in a southeasterly
direction crossing the Rangpur region of Bangladesh
to eventually merge with the Jamuna River near
Chilmari.

Within Bangladesh, the bed profile of the Tista river
changes from a sand-dominated bed of approximately
10 m depth in the northwestern segment near the
Tista barrage (26°45'13”"N; 88°3522"E) to a bed
profile made up of approximately 20 m of gravel in
the most southerly section near the Tista bridge.
Extensive mid-channel sand bars, known locally as
chars, develop in the central parts of the river and
these are elongated in an NW-SE direction. The
width of the most recently developed sand bars ranges
from ~200 to 500 m and the lengths are typically
between 700 and 1500 m.

During fieldwork conducted on the riverbanks and
chars, bulk surface and bore samples were collected
extending from the surface to ~17 m depth (using
tube well boring). In the first phase of sampling, 18 sur-
face samples (labelled ST) and three tube-well wash
bore samples (labelled BST) with depths of up to
17 m were collected laterally along ~80km of the
Tista river (Figure 1(A)). In the second phase of
sampling, material was collected from a longitudinal
mid-channel sand bar (~8 km? in area) at Rajpur
(Figure 1(B)). The material sampled included 45 pit
(0-1.5 m depth) samples collected using a square grid
pattern using a 500 m station spacing (denoted as
sites A-E, 1-9) and eight tube-well wash bore samples
spaced ~1 km apart and with samples collected to a
depth of up to 1 m. For sampling the pit samples, the
whole wall section was scraped to a depth of ~50 cm.
Duplicate samples were collected on ~20% of samples
with the frequency determined on the basis of field
observations.

Materials and methods
Grain size analysis

In the laboratory, the samples were treated with 1N
HCI and washed with distilled water to remove carbon-
ate particles. The sand was then oven-dried overnight
at 110°C and 100 g of each sample was sieved for
15 min using a Retsch vibratory sieve shaker to deter-
mine the distribution of particles in the following size
intervals: >2 mm; —2+ 1 mm; —1+ 0.5 mm; —500 +
250 um; —250 + 125 pm; —125 + 63 um; —63 + 45 um
and —45 pm.
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Figure 1. Location map showing the study area (A) along the Tista river and (B) a satellite image of the sand bar extensively
sampled in Rajpur region of the Tista river (after Zaman et al. 2012).

Heavy liquid separation

HM analysis was performed on the very fine to medium
size sand fraction (—500 + 63 um) from more than 200
samples sampled at different depths (e.g. surface to
17 m). The HMs were separated by gravity settling
using  tetrabromoethane  of  specific  gravity
~2.96 g cm ™. For each test, 10 g of washed sample was
used with occasional stirring (up to three times per
test). Settling times were on the order of 45 min to 1 h.

Mineralogical analysis

A total of 69 samples were analysed in the mineralogi-
cal study: two bulk samples (labelled Bulk 1 Raw and
Bulk 2 Raw); 18 laterally spaced surface samples
(ST01-ST18); 3 well bore samples from ~80km
along the Tista river (BST-02; BST-10 and BST-18);
45 pit samples and 1 tube well sample (TBC-6) from
the Rajpur mid-channel sand bar. The two bulk
samples were composite samples from regions along
the river bank where there was a visible natural concen-
tration of HMs (as indicated by a higher proportion of
dark minerals). The two bulk samples and the two pit
samples (D4 and B7) were further processed using a
shaking table to remove light minerals and to concen-
trate the HMs.

Two thin sections were prepared for each sample.
The mineralogical studies were carried out using a
MEII ML 9000 polarising and a MEIJI EMZ-5TR
stereo microscope. The HMs including opaques (ilme-
nite, rutile, etc.) and non-opaque’s (zircon, kyanite,
etc.) were point counted along 10-15 suitably spaced
traverses. The HM components were estimated by

counting a minimum of 200 grains by the ribbon
method as described in Mange and Maurer (1992).
The colour, crystal habit, size and other characteristics
of the minerals were also observed and noted. Photo-
micrographs were taken by using a COOLPIX camera
attachment.

X-ray diffraction

Each sample (5 g) was micronised in ethanol using a
McCrone microniser (4 min g_l), centrifuged and
dried at 60°C before gentle hand mixing in a mortar
and pestle to break up any agglomerates and to ensure
homogeneity. Samples were either back-pressed into
PANalytical sample holders or front-pressed onto
low-background plates, depending on the quantity of
sample, for flat plate presentation to the X-ray beam.
Diffraction data were collected from 5° to 140° 20
using a PANalytical MPD instrument fitted with a
cobalt long-fine-focus X-ray tube operated at 40 kV
and 40 mA. The incident beam path was defined
using 0.04 radian Soller slits, and a 0.5° fixed diver-
gence slit. The diffracted beam incorporated a graphite
monochromator to eliminate unwanted wavelengths
and a 4.6 mm anti-scatter slit. An X’Celerator detector
was used in scanning line (1D) mode with an active
length of 2.122° 26. Data were collected with a nominal
step size of 0.033° 260 (~4 h per scan). Samples were
rotated at 60 rpm during data collection to improve
particle statistics.

Phase identification was performed using PANalyti-
cal Highscore Plus® software (Degen et al. 2014) which
interfaces with the PDF4+ database (ICDD 2016).
Quantitative phase analysis (QPA) was carried out
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via the Rietveld method (Rietveld 1969; Hill and 250 pm and +500 pm to 1 mm fraction of the STO1
Howard 1987) using TOPAS V5 software (Bruker  to ST18 samples are plotted in Figure 2(B). Sample
AXS 2013). ST-01 is located furthest downstream, close to the
confluence of the Tista river with the Jamuna river
and sample ST-18 is upstream. The results show that
Results the upstream component of the sand is characterised
.. ) by a higher proportion of coarser particles, whereas
Grain size analysis finer particles increase downstream (Figure 2(B)).
The average grain size distributions measured for the
70 samples are shown in Figure 2(A). For the surface
samples (depth to ~1 m) sourced from laterally along ~ Heavy liquid separation
the river (ST01-ST18), the most common particle
size was between +125 and 500 um with 84 wt-% of
all material reporting to the size range (i.e. 30 wt-%
to the +250 to 500 pm fraction and 53 wt-% to the
+125 to 250 um fraction). These are classified as med-
ium- to coarse-grained sands (Blott and Pye 2012). The
analysis data from the three well bores BST-02; BST-10
and BST-18 is slightly skewed towards the coarser grain
size fractions suggesting an overall increase in coarse  Rajpur longitudinal sand bar
sand grain size at depth. A comparison with the tube = The location of individual sample sites from the Rajpur
well data from the Rajpur mid-channel sand bar  longitudinal sand bar is shown in Figure 1(B) and wt-%
(TBC-6) also indicates a coarse sand grain size with  data for the distribution of light and heavy components
54 wt-% of material reporting to the +250 to 500 um  of the sand fraction from the interval surface to 1.5 m
fraction. depth are provided in Table 2. The concentration of
To examine the variation in grain size laterally along ~ HMs varies from 4.6% (sample site B-03) to 14.9%
the river, grain size analysis results from the +125 to (A-04) and light minerals from 84.1% (A-4) to 93.9%

Heavy liquid separation studies were conducted on the
+63 to 500 um size fractions prepared from the 45
samples from the Rajpur longitudinal mid-channel
sand bar, 18 lateral samples along the Tista river and
also from 3 bore wells from the laterally spaced sample
sites.

50,1 A .- B
g —4—S5t 1-18 Bar Top o
—=—BST-02 80 - ® 125-250pm
e =2 70 1 H 500pm-1mm
% 30 ——TBC6 60 -
= 4 BST-18 ® 04
20 = 40
30 4
10
20
0 10
0 T T T T
1"'5° ‘,«»‘;\:\‘;@‘;\hﬁb'\»%.@4\-_\1:@\)\9:@0,@

Figure 2. (A) Average grain size distribution of selected bulk samples from the Tista river. (B) The average size distributions (+125 to
250 pym and +500 pm to 1 mm).

Table 2. Heavy (H%) and light (L%) mineral distributions in 45 bulk samples (+63 to 500 um fraction) collected from the Rajpur mid-
channel sand bar (all data in wt-%).

+63 to 500 pum size fraction

Line B, S &8 < D E

No H% L% H% L% H% L% H% L% H% L%
01 6.4 92.8 9.2 89.3 8.1 91.6 5.2 93.9 13.6 86.1
02 13.8 85.3 1.5 87.2 9.5 89.2 109 89.6 11.6 87.4
03 1.1 87.8 4.6 90.4 1.3 87.7 7.9 91.7 10.8 88.7
04 14.9 84.1 10.7 88.6 8.6 89.9 11.2 88.0 12.3 86.1
05 11.8 86.6 10.0 89.5 84 88.5 7.7 91.0 11.6 879
06 12.8 86.7 109 88.7 11.2 88.4 12.0 87.1 12.7 86.9
07 11.6 88.2 13.8 85.8 93 89.6 10.5 88 6.8 92,6
08 11.9 87.7 1.9 86.8 13.6 86.1 9.6 89.6 13 85.4
09 13.0 86.9 12.5 86.8 11.8 86.7 8.1 90.5 1.1 87.8

Avg. 11.9 87.3 10.6 88.1 10.2 88.6 9.1 89.9 11.5 87.7




(D-1). The average heavy and light mineral percentages
across all sites were 10.7% and 88.3%, respectively.

Laterally spaced samples

The concentration of HMs in the bulk samples ST01 to
ST18 sampled along the Tista river varies from 9.3%
(ST-15) to 15.2% (ST-03) with an average 11.8%. The
light mineral component dominates and varies from
84.8% to 90.7% with an average content of 88.2%
(Table 3).

Table 3. The heavy (H%) and light (L%) minerals distribution in
the laterally spaced bulk samples (+63 to 500 pm fraction) (all
data in wt-%).

12%
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Borehole samples

The average concentration of HMs in the laterally
spaced bores BST-02, BST-10 and BST-18 was 8%,
11% and 15%, respectively (Figure 3). In this figure,
the individual borehole data of up to 17 m in depth
is compared with the average data for the bulk surface
samples (STO1 to ST-18). As previously stated, the
average HM content for the bulk surface samples was
11.8%. In comparison, the data for the boreholes
show considerable variation with depth and individual
boreholes reveal a systematic variation in HM concen-
tration with BST-18 (upstream) comprising a greater
amount of HMs compared to BST-02 which is further
downstream.

Detailed data for the size fractions +63 to 125, +125
to 250 and+250 to 500 um and the corresponding per
cent HMs results versus depth for one of the boreholes
(BST-02) is provided in Table 4. Also included is the
average data for the size interval +63 to 500 pm
based on a composite sample generated by combining
all three size fractions (last two columns). Overall, the
sample contained on average, 8.1% HM, however, there

Heavy%
Light%

HL Separation St 01-18

Sample H% L% Sample H% L%
ST-01 9.9 90.1 ST-10 114 88.6
ST-02 125 87.5 ST-11 12.2 87.8
ST-03 15.2 84.8 ST-12 10.7 89.3
ST-04 121 87.9 ST-13 13.2 86.8
ST-05 104 89.6 ST-14 12.6 874
ST-06 12.2 87.8 ST-15 9.3 90.7
ST-07 9.5 90.5 ST-16 9.8 90.2
ST-08 12.6 874 ST-17 11.6 88.4
ST-09 12.8 87.2 ST-18 14.1 85.9
88%
15%
Heavy%
Light%
85%

HL Separation BST-18

8%

Heavy %)
Light%

92%

HL Separation BST-02

89%

Heavy%
Light%

HL Separation BST-10

Figure 3. Comparison of the abundance of heavy and light minerals in the selected borehole samples (BST-02, BST-10 and BST-18)

and the average content in the surface samples STO1-ST18.
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Table 4. Size and heavy (H%) and light (L%) minerals distributions with depth for borehole sample BST-02 (all data in wt-%).

+63 to 125 pm

+125 to 250 um

+250 to 500 pm +63 t0 500 pm

Sample Depth(m) H% L% H% L% H% L% H% L%
1 0-0.91 1230 87.30 16.24 83.758 15.21 81.79 12.5 87.5
2 0.9-1.8 11.60 88.20 8.08 91.916 11.62 88.38 8.5 91.2
3 1.8-2.7 18.67 84.33 5.57 94434 6.12 93.88 6.4 93

4 2.7-3.6 5.26 94.74 7.66 92.337 5.59 94.41 6.5 92.5
5 3.6-4.5 5.00 95.00 10.89 89.11 8.47 91.53 8.6 91.2
6 45-54 448 95.52 7.32 92.68 9.02 90.99 8.9 90.7
7 54-6.4 12.77 80.85 8.37 91.64 7.68 92.33 9.1 90.3
8 6.4-7.3 7.69 92.31 6.83 93.17 8.59 91.41 6 80.3
9 7.3-8.2 8.89 91.11 8.75 91.25 7.93 92.07 8.6 90.6
10 8.2-9.1 9.77 89.55 9.81 90.19 6.79 93.21 7.3 924
11 9.1-10.0 10.44 88.96 6.27 93.73 6.60 93.40 7.6 91.7
12 10.0-10.9 1292 86.24 8.14 91.86 8.83 91.17 7.7 90.8
Average 9.98 89.51 8.66 91.34 8.54 91.21 8.14 90.18

Table 5. The heavy (H%) and light (L%) minerals distribution
with depth for the —500+63 pm size fraction for the bore
samples TBC-6, BST-10 and BST-18 (all data in wt-%).

TBC-6 BST-10 BST-18
Sample Depth(m) H% L% H% L% H% L%
1 0-0.91 9.2 90.2 8.1 91.9 10.1 89.9
2 0.9-1.8 106  88.1 100  90.0 213 787
3 1.8-2.7 11.8 87.7 103 89.68 - -
4 2.7-3.6 13.6 85.8 13.9 86.12 134 86.6
5 3.6-4.5 77 912 165 8355 13.1 86.9
6 45-54 9.9 89.9 14.0 86.0 10.2 89.8
7 54-6.4 11.6 87.6 9.0 91.0 17.1 82.9
8 6.4-7.3 8.4 91.8 9.6 90.4 17.4 82.6
9 7.3-8.2 78 92 124 876 11.8 882
10 8.2-9.1 7.2 92.7 10.1 89.9 17.3 82.7
11 9.1-10.0 83 91.2 94 90.6
12 10.0-10.9 1.3 88.5 9.4 90.6
13 10.9-11.8 96 898 10.1 89.9
14 11.8-12.8 10.2 89.8 9.0 91.0
15 12.8-13.7 10.3 89.3
16 13.7-14.6 9.1 90.2

was considerable variation in HM content with both
depth and grain size. For all size fractions examined,
the upper 2-3 m had the greatest concentration of
HMs, while the finer +63 to 125 um size fraction had
the highest average HM content (column 3 at 9.98%
HM). For the remaining boreholes BST-10 and BST-
18, data for the +63 to 500 um fraction provided in
Table 5 indicate the HMs are concentrated in the
upper layers although since these boreholes are located
further upstream than BST-02, the overall abundance
of HMs is generally greater at all depths. Moreover,
in the furthest upstream sample (BST-18), the HM
content is up to 21.3% of the total light + heavy sedi-
ment load consistent with the previously noted
increase in total HM content further upstream. Table
5 also includes detailed size and total HM content
results for tube test well TBC-6 taken from the mid-
channel sand bar (location C6, Figure 1(B)). Results
suggest a relatively constant concentration of HMs
with depth, varying between 7.2 and 13.6 wt-% HM.

Mineralogy
HM assemblage by X-ray diffraction. To assess the
mineralogy of the HMs found in the Tista river

sands, two bulk samples (Bulk Raw 1 and Bulk
Raw 2) and two pit samples (D4 and B7) from the Raj-
pur mid-channel sand bar were examined using X-ray
diffraction (XRD). The Bulk Raw 1, Bulk Raw 2 and D4
and B7 samples were then further processed using a
shaking table to remove light minerals and to concen-
trate the HMs. The results of the phase identification
and QPA by XRD are given in Table 6. The QPA
results are relative weight percentages and do not
include any unidentified or amorphous material
which may exist in the samples.

Although naturally concentrated in HMs, the
unprocessed bulk sand samples were still dominated
by a high-quartz content (>45 wt-% in Bulk Raw 1)
with additional large amounts of ‘light’ aluminosilicate
minerals including feldspars, micas and minor
amounts of chlorite. The detailed phase analysis ident-
ified individual feldspar subtypes including both albite
and anorthite feldspar; however, while end-member
structure types for these phases were used to quantify
the amount of each of these minerals, their compo-
sitions are yet to be verified (e.g. by energy dispersive
X-ray analysis or by electron probe microanalysis).
For this reason, the phase assemblage is reported as
mineral groups rather than individual mineral phase
types. HMs make up ~25% of the bulk sand samples
and are composed primarily of amphiboles, garnets,
pyroxenes and aluminosilicate (Al,SiOs) phases.
Ilmenite was present at levels of ~2% while other
economically important HM’s such as zircon and rutile
were close to or below, the detection limit of XRD
(ie. <~1%).

Processing of the two bulk sand samples as well as
the D4 and B7 pit samples to remove a large proportion
of the light minerals quartz and feldspar, resulted in an
increase in the amount of HMs recovered and a signifi-
cant change in the overall mineral assemblage. Heavier
minerals such as amphiboles (including the subtypes
hornblende and actinolite) increased in abundance
along with garnet and pyroxenes. The ilmenite content
was also significantly upgraded (by at least a factor of
two) and other VHMs such as zircon and rutile were
identifiable in small amounts.
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Table 6. Quantitative X-ray diffraction results from the Raw Bulk 1 sample and shaking table concentrates produced from samples:
Bulk 1 Raw, Bulk 2 Raw and pit samples D4 and B7 from the Rajpur mid-channel sand bar (all data in relative wt-%, n.d. =not

detected).
Amphibole  Feldspar  Mica Pyroxene Garnet  Al,SiOs

Sample Quartz limenite  Chlorite Group Group Group Group Apatite  Group Group  Zircon Rutile
Bulk 1 Raw 453 19 2.2 5.6 16.8 10.6 nd. n.d. 14.1 3.0 nd. n.d.
Bulk 1 Shaking Heavy 223 35 1.8 10.6 77 5.1 58 15 36.2 3.9 nd. 0.9
Bulk 2 Shaking Heavy 18.1 2.6 14 12 54 4.2 6.6 2.5 429 2.6 nd. 1.0
D-4 Pit Shaking Heavy 16.1 83 23 14.2 1.5 40 4.7 4.2 40.6 n.d. 1.7 1.8
B-7 Pit Shaking Heavy 20.2 5.5 2.6 1.3 5 23 47 35 389 29 1.0 14
Table 7. HMs determined using optical microscopy in the bulk surface samples STO1-ST18 (0-1 m).

Sf- ST- ST- ST- ST- ST-  ST-  ST- ST- ST- ST- ST- ST- ST- ST- ST- ST- ST-
Mineral 01 02 03 04 05 06 07 08 09 10 1 12 13 14 15 16 17 18  Average
Magnetite 00 0.1 0.1 0.1 0.1 0.1 00 0.1 0.1 0.1 0.1 0.1 0.1 0.1 00 00 0.1 0.1 0.1
limenite 03 0.5 0.7 0.5 0.3 0.5 04 0.5 0.7 04 0.5 0.4 0.7 0.5 0.4 0.5 0.3 0.5 0.5
Rutile 00 0.1 02 02 00 02 041 02 02 01 02 0.1 03 02 0.1 0.1 0.1 0.1 0.1
Zircon 0.0 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1
Garnet 02 04 26 1.1 03 19 05 16 22 05 07 06 19 19 12 14 13 13 1.2
Monazite 0.0 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Kyanite 0.1 0.1 02 0.1 0.1 0.1 0.1 03 0.1 0.1 0.1 0.1 02 0.1 0.1 0.1 0.1 0.2 0.1
Sillimanite 0.1 0.1 0.2 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1
Mica 65 77 73 65 65 59 58 67 6.1 68 72 62 64 65 49 48 60 75 6.4
Others 2.7 34 39 34 3.1 33 25 3.0 3.1 32 3.2 3.0 34 3.0 23 2.7 34 4.2 3.1
VHMC 07 14 41 22 08 30 12 29 36 14 18 15 34 31 2.1 23 22 24 2.2

Note: ‘Others'’ refers to lithic fragments while the term VHMC (last row) refers to the aggregate of the valuable heavy mineral components; ilmenite, rutile,

zircon, garnet, monazite, kyanite and sillimanite.

Optical microscopy

To examine whether the mineral content was consist-
ent throughout the area studied, the HMs present in
the laterally spaced samples and the borehole samples
were identified and their abundances determined via
point counting using both polarising and stereo micro-
scopes. The weight percentage of the individual min-
eral types identified were calculated by multiplying
the modal point count result with the specific gravity
for each mineral.

Laterally spaced samples. The types and abundances of
HMs identified in the 18 laterally spaced surface samples
(0-1 m) are summarised in Table 7. For all samples, the
HM component was dominated by garnet and ilmenite
followed by zircon, rutile, kyanite, sillimanite and mag-
netite in lesser amounts. Approximately 10% of the
heavy fraction consisted of micas (muscovite and/or
biotite) and undifferentiated lithic fragments.

Borehole samples. Data for the HM content versus
depth for the borehole samples BST-02, BST-10 and

BST-18 are shown in Tables 8-10, respectively. Repre-
sentative stereo and polarised light photomicrographs
from each of these samples are provided in Figure 4.
The tabulated data show that the average HM content
was lowest in BST-02 (downstream) and highest in
BST-18 (upstream). There was no observable trend
with depth with the exception being BST-18 where
the highest HM concentrations occurred in the interval
5.4-9.1 m. In all samples, the valuable heavy mineral
component (VHMC) was characterised by (in order
of abundance) garnet and ilmenite. Minor VHMC
phases included magnetite, rutile, zircon, monazite,
kyanite and sillimanite. Gangue phases present were
micaceous phases (muscovite and biotite) and uniden-
tified phases, predominantly made up of lithic
fragments.

Point count data was also collected for the tube test
well sample TBC-6 (mid-channel sand bar, location
C6, Figure 5). The concentration of the VHMs varied
with the depth of up to 15 m similar to other borehole
samples. Average VHMC data for the TBC-6 core was:
0.05% magnetite; 0.40% ilmenite; 0.09% rutile; 0.13%

Table 8. Weight percentage of HMs with depth in borehole BST-02.

Depth (m) 0-091 09-18 18-27 27-36 36-45 45-54 5464 64-73 73-82 82-91 9.1-100 10.0-109 Avg
Magnetite 0.08 0.08 0.03 0.04 0.05 0.04 0.04 0.03 0.04 0.05 0.03 0.04 0.05
limenite 0.61 0.30 0.21 0.40 0.64 0.54 0.49 0.31 033 0.29 0.28 0.59 0.41
Rutile 0.22 0.22 0.07 0.20 0.21 0.19 0.22 0.14 0.18 0.19 0.17 0.16 0.18
Zircon 0.24 0.06 0.12 0.17 0.16 0.21 0.18 0.10 0.13 0.14 0.09 0.11 0.14
Garnet 0.62 0.52 043 0.77 1.23 0.64 0.78 0.52 0.56 1.36 0.71 1.25 0.78
Monazite 0.25 0.12 0.09 0.17 0.25 0.16 0.25 0.10 0.13 0.15 0.14 0.18 0.17
Kyanite 0.27 0.18 0.12 0.13 0.30 0.20 0.50 0.23 0.25 0.22 0.17 0.31 0.24
Sillimanite 0.17 0.08 0.06 0.08 0.16 0.07 0.12 0.07 0.09 0.10 0.06 0.12 0.10
Mica 9.02 4.31 2.92 3.77 5.34 3.57 3.99 3.66 472 4.76 3.03 348 438
Others 4.51 221 1.52 1.95 2.56 1.71 1.79 1.67 232 2.55 1.59 191 2.19
VHMC 2.45 1.56 113 1.95 3.00 2.05 2.58 1.50 1.71 2.50 1.65 2.75 2.07
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Table 9. The weight percentage of HMs with depth in borehole BST-10.

0- 0.9- 1.8- 2.7- 3.6— 4.5- 54~ 6.4— 7.3- 8.2- 9.1- 10.0- 10.9- 11.8-
Depth (m)  0.91 18 2.7 36 4.5 54 6.4 73 8.2 9.1 10.0 10.9 11.8 12.8 Avg
Magnetite  0.04 0.05 0.05 0.07 0.08 0.07 0.05 0.05 0.06 0.05 0.05 0.05 0.05 0.05 0.05
limenite 0.30 0.37 0.46 0.61 0.84 0.52 0.47 0.56 0.72 0.53 0.35 0.35 0.45 0.27 0.49
Rutile 0.16 0.27 0.28 0.36 0.43 0.19 0.12 0.13 0.16 0.13 0.12 0.13 0.13 0.06 0.19
Zircon 0.12 0.15 0.08 0.10 0.12 0.10 0.07 0.07 0.18 0.07 0.07 0.14 0.07 0.07 0.10
Garnet 0.82 1.02 1 2.34 2.56 2.04 0.69 1.50 2.15 1.28 137 1.31 1.47 0.70 1.45
Monazite 0.12 0.08 0.08 0.10 0.25 0.11 0.14 0.07 0.18 0.08 0.14 0.07 0.08 0.07 0.11
Kyanite 0.14 0.22 0.23 0.38 0.36 0.31 0.20 0.16 0.20 0.11 0.16 0.10 0.11 0.05 0.19
Sillimanite  0.04 0.10 0.05 0.07 0.16 0.21 0.09 0.05 0.06 0.05 0.05 0.05 0.10 0.09 0.08
Mica 3.92 5.07 523 6.47 7.65 7.00 4.80 4.55 557 5.11 4.61 4.62 4.86 4.87 5.31
Others 243 2.67 2.75 338 4.00 345 237 242 3. 2.69 249 2.59 2.78 2.76 2.85
VHMC 1.75 2.26 2.34 4.03 4.80 3.54 1.83 2.58 3.72 2.31 2.30 2.19 247 136 2.68

Table 10. The weight percentage of HMs with depth in borehole BST-18.

Depth (m) 0-0.91 0.9-1.8 2.7-3.6 3.6-4.5 45-54 54-6.4 6.4-7.3 7.3-8.2 8.2-9.1 Average
Magnetite 0.10 0.11 0.07 0.13 0.10 0.17 0.17 0.12 0.17 0.13
limenite 0.31 0.17 0.70 0.49 0.61 1.00 0.65 0.44 0.51 0.54
Rutile 0.07 0.00 0.18 0.18 0.14 0.34 0.35 0.23 0.34 0.20
Zircon 0.00 0.00 0.10 0.10 0.07 0.12 0.00 0.09 0.12 0.07
Garnet 0.46 043 1.70 1.26 0.97 2.67 2.21 1.63 292 1.58
Monazite 0.08 0.00 0.10 0.10 0.08 0.00 0.00 0.09 0.13 0.06
Kyanite 0.06 0.13 0.15 0.07 0.11 0.19 0.10 0.19 0.28 0.14
Sillimanite 0.05 0.00 0.07 0.07 0.10 0.17 0.09 0.06 0.17 0.09
Mica 6.09 14.45 6.77 7.24 539 8.12 8.98 538 7.53 7.77
Others 2.88 6.02 3.57 3.46 2.62 4.32 4.81 3.56 5.11 4.04
VHMC 113 0.83 3.06 2.40 2.19 4.66 3.57 2.85 4.66 2.82

Figure 4. Photomicrographs showing: (A) BST-10 heavy mineral fraction, stereomicroscope image 4.5x mag., (B) BST-18 heavy min-
eral fraction, stereomicroscope image 4.5x mag., (C) ST-03 bulk sample image, crossed nicols 4.0x mag., (D) same view of ST-03
bulk sample as shown in (C) but under plane polarised light, 4.0x mag. (Ilm-ilmenite, Gr-garnet, M-mica, Mz-monazite, Qtz-quartz,
Ky-kyanite, Mag-magnetite).
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Figure 5. Concentration of ilmenite (A) and garnet (B) with depth in tube bore sample TBC-6 from the Rajpur mid-channel sand bar.

zircon; 1.49% garnet; 0.10% monazite; 0.14% kyanite
and 0.09% sillimanite.

Rajpur mid-channel sand bar. Quantitative point
count analysis was conducted on all 45 samples from
the Rajpur mid-channel sand bar. Average data across
all sites from each of the line sections A through E are
provided in Table 11. The sands of the Rajpur bar show
an average VHMC of >3% along lines A and B closest
to the southwest bar margin (e.g. lines A2, B2, A4, B4,
A7, B7, A9 and B9) and also along line E of the north-
east bar margin. In comparison, for lines C and D
towards the central region of the bar, the average
VHMC is comparatively lower (1.81% and 2.04%,
respectively). The highest VHMC concentration
occurred at sample site B7, close to the bar head,
while the lowest concentration was at sample site D1,
the distal end of the bar.

Resource mapping and economic potential
of the Tista river sands

Sand and gravel are the most-extracted materials in the
world, exceeding fossil fuels and biomass (measured by
weight). Sand is a key ingredient for concrete, roads,
glass and electronics and massive amounts of sand
are mined for land reclamation projects, shale gas
extraction and beach re-nourishment programmes.
Bangladesh currently mines extensive amounts of
sand from its river systems and alluvial plains
(Chowdhury et al. 2014; Hossain et al. 2013) through
dredging operations. These operations are mainly
aimed at removal of sediment and other material for
the purpose of deepening rivers and ports to make

Table 11. HM distribution of the Tista river, Rajpur mid-
channel sand bar.

Line
Minerals A B C D E Avg
Magnetite 0.06 0.05 0.05 0.05 0.06 0.05
limenite 0.53 0.57 0.44 047 0.48 0.50
Rutile 0.10 0.11 0.06 0.09 0.09 0.09
Zircon 0.22 0.19 0.11 0.19 0.21 0.18
Garnet 1.75 1.57 0.85 0.91 1.51 1.32
Monazite 0.13 0.15 0.09 0.10 0.11 0.12
Kyanite 0.14 0.16 0.15 0.14 0.12 0.14
Sillimanite 0.14 0.14 0.07 0.10 0.13 0.12
Mica 4.48 3.94 3.56 3.75 4.88 412
Dark minerals 437 344 3.27 334 3.91 3.67
VHM 3.06 294 1.81 2.04 271 251

waterways navigable, to obtain fill material or for the
formation of levees to prevent flooding. Sand is an
existing by-product of these operations; however,
there are opportunities to boost the economics of
sand processing and general waterway dredging oper-
ations through the by-product recovery of the
VHMC s of the existing sand resources. To recover
the VHMCs from dredging operations a floating
dredge would cut and suction the ore-containing sedi-
ment under the surface and pump the slurry to a wet
concentrator floating behind the dredge. The floating
concentrator would contain screens to remove the
oversize fraction (typically >150 to 250 mm), hydrocy-
clones to remove fine-grained clays and banks of spiral
gravity separators to produce an initial HMC. The
HMC would then be processed onshore using standard
dry processing separation procedures involving a com-
bination of gravity, magnetic/electrostatic separation
circuits to separate the valuable minerals from the
non-valuable minerals to make the ilmenite, rutile



10 (& P.K.BISWASETAL.

Legend Legend
Legend
Concentration of limenie (%) | ) 0.65-0.786 Concentration of Gamet (%) | | 21-2! s =
= Concartraton o B
0.1-0.21 B o6 -0.87 | 01-05 sz | an. o
0.21-032 B 0570358 | 05-08 | BEES W E o077 042
0.32-043 I ocs- 109 | 09-13 [ EERS i aiz.047
0.43-054 sz | 1317 [ EEY 5 airez
022027
0.54- 0.65 | 17-21 2
i 0270
N N B oo
=~ + jL = - oo
= 5 = g « i O
- o ’ 2] a s @ . 04805
; E w
p - g “ @ i
a® = s « ® >
¥*"- . . - _ . .t / .,., ® .
- . n ’ -
@ @ @ -9
o N L3 " A " e e .
- : - > @ " 5
= _ ol - = . g IO A
™ 4 &
» = o = a o
% & . . = L ] - o o
4 ' « ' &
= .
= o : o -
h - L - 5
5 i
£ 4 Y
0 05 1 2 3 4 0 05 1 2 3 4 o 05 1 2 3 4
1Kil Kilameters
A B C
Legend Legend _,f
N o of Mozt (] N [RR—— 4 CRpanet
| Do Wl [
! w.am
W ~E 00660062 w@.'ﬁ e Y 45115
7 e 012 T 18- Leo
] s / a8 F—
5 AR § & o 2e5-310
& | am.am
. [ ams. s
| FrETY
o sos- 50
o g | e
- L = IR
- = i i = 1 m >
" or N -
e & o e
“ = ?
-, - .
' = = = o i
= i s ; % =
i o . 3 o
» =
. . e
v . 9
7 = 4 T e
= L o _ " o
\ w - e k=
> h
o 05 1 2 3 4 o o5 1 2 3 A o 05 1 2 3 4
- ———— =" e et
D E F

Figure 6. Concentration maps showing the distribution of various VHMC with depth for the 45 sample sites on the Rajpur mid-
channel sand bar: (A) ilmenite; (B) garnet; (C) zircon; (D) monazite; (E) mica and (F) total VHMC.

and zircon products and a high-grade silica concen-
trate. Removal and recovery of the VHMCs also have
additional benefits as sedimentary silica sand, being a
common source for commercial silica, must be free of
mica, organic matter, iron, titanium and trace
elements.

The average content of total VHMs from various
surface and borehole sample locations along the Tista
river was consistently in the range 2-3wt-%. The
VHMC comprised ilmenite, zircon, monazite, rutile,
garnet, sillimanite and kyanite. Based on the results
from the current study, the Rajpur mid-channel sand
bar was selected as the region with the greatest concen-
tration of sample data from which to derive prelimi-
nary resource estimation data.

The average HM content of the Rajpur mid-channel
sand bar was 10.66% of which the VHMC comprised
2.51%. Resource maps based on the concentration of
the different heavy minerals garnet, ilmenite, zircon,
monazite and mica were prepared using an inverse

distance weighting interpolation method by ArcGIS.
In addition, a resource map showing the distribution
of the combined VHM was also produced. These are
shown in Figure 6.

The resource maps reflect the depositional process
and mechanism of HM accumulations within the Raj-
pur mid-channel sand bar with the highest concen-
trations of VHMC at the bar head and margins
compared to middle region and distal ends. These are
regions where there is a reduction in flow velocity
and represent preferred sites for the deposition of den-
ser particles. The resource distribution maps also indi-
cate the sand bar is cross-cut by a number of channels.
These also appear to be sites at which there is a strong
correlation with elevated HM accumulations. Large
sand bars, therefore, represent key regions for investi-
gation at other sites along the river as the accumulation
of HM grains is responsible for flow separation within
the alluvial channels causing abrupt changes in the bed
geometry (e.g. Best and Brayshaw 1985). Based on the



laterally spaced samples, sand bars further upstream
are most prospective as the concentrations of HMs
generally increase upstream.

Summary

The distribution, mineralogy and abundance of
VHMCs of the Tista sediments
characterised as part of a broader project to examine
the potential for the development of Tista river sedi-
ments as a recoverable by-product resource from
sand mining. The most common particle size was
between +125 to 500 um with 84 wt-% of all material
reporting to this size range. Laterally based surface
sampling showed that the upstream component of
the sand was characterised by a higher proportion of
coarser particles, whereas finer particles increased
downstream. Heavy liquid separation studies revealed
that the concentration of HMs decreased with coarsen-
ing grain size. Analysis data from bore hole sampling
indicated an overall coursing of the sand grain size
with depth.

The Tista river sands are dominated by quartz with
additional large amounts of ‘light” aluminosilicate min-
erals including feldspars, micas and minor amounts of
chlorite. HMs make up, on average, 10.99% of the sand
samples and are composed primarily of amphiboles,
garnets, pyroxenes and aluminosilicate (Al,SiOs)
phases. The percentage of VHMs (ilmenite, rutile, zir-
con, monazite, garnet) was 2.47% in the bulk samples.
Detailed sampling of a large mid-channel sand bar
indicated a similar assemblage with an average HM
content of 10.66% (VHMC =2.51%). Resource map-
ping of the sand bar showed accumulations of HMs
occurred upstream and along the margins of the bar
thereby identifying sites for future prospectivity.
Further work is in progress to conduct detailed mineral
processing and characterisation studies to determine if
the recoverable VHMC are easily extracted and are
suitable for upgrading to more valuable products.

river were
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