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Heavy mineral studies were carried out in various size grades of sand fractions of Muvattupuzha
river and Central Vembanad estuary. Heavy mineral contents are higher in the upstream reaches of the
river compared to the downstream reaches. In the estuary, the total heavy mineral contents are
comparatively less: The heavy mineral assemblage consists of opaques, amphiboles, pyroxenes, garnet,
zircon and biotite as the major minerals and monazite, rutile and sillimanite as the minor minerals. A
comparative evaluation of the morphological and optical characteristics of heavy minerals between the
two environments reveals that a substantial quantity of the river sands are derived from the Precambrian
crystallines, whereas a greater part of the estuarine sands are polycyclic and derived-presumably from:
the beach ridges that bound the Vembanad estuary at many places.

The influence of size, shape and density of various
heavy minerals on hydraulic sorting has been
investigated by many researchers'”. In many of the
above studies one or two size fractions have only
been examined to represent the entire heavy
mineral composition of sediments. Since heavy
minerals are deposited according to the differences
in size, shape and density, a single size fraction
seldom represents the entire heavy mineral
constitution of sediments’. This paper presents the
results of the size frequency distribution of heavy
minerals in the sand fraction of the Muvattupuzha
river and the Central Vembanad estuary and
discusses the transportational and depositional
mechanism, energy conditions and source rock
characteristics of the riverine and estuarine
sediments.

Materials and Methods

Muvattupuzha river is one of the perennial
rivers of Kerala. It has a length of about 121 km
and a catchment area of about 1544 sq.km, The
river originates from the flanks of the Western
Ghats and drains through highly varied geological

formations®; of which the Precambrian crystallines

constitute approximately 85% of the total drainage
area of the river (Fig. 1). Physiographically, the
drainage basin of the river falls within three
distinct provinces—the highlands (375 m),
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Fig. 1—Geologic setting of the study area
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midlands (75-8 m) and the lowlands (<8 m). The
midlands form the major physiographic unit of the
basin and cover about 75% of the drainage area.
The Muvattupuzha river exhibits dendritic
drainage pattern and debouches into the Central
Vembanad estuary near Vaikom (Fig. 2).
Thirty-two surface sediment samples (20 from
the river and 12 from the estuary) were collected
from the study area (Fig. 2) using a Van Veen
grab, during April, 1989. The sand fraction was
sieved at 1/2 ¢ interval using a standard set of
ASTM sieves on a Ro-Tap sieve shaker and heavy
mineral concentrates were separated from 45, 60,
. 80, 120, 170 and 230 mesh fractions using
bromoform®’. The mineral concentrates were
mounted on glass slides and species identification
was performed following Krumbein & Pettijohn®.
The heavy minerals in the various mesh fractions
were regrouped, whenever necessary, as medium
sand (45 + 60 meshes), fine sand (80+120 meshes)
and very fine sand (170 + 230 meshes) for better
evaluation/presentation of the results,

Results and Discussion

Total heavy minerals (THM) -

The content of THM in different size fractions
of riverine and the estuarine sands are furnished in
Table 1. In river environment, the heavy mineral
occurrences are recorded in all the six size
fractions of sand population,” whereas in the
estuary heavies are confined to the four finer
" fractions only. The respective ranges of THM
values in the river environment are 1.08-21.27%
e’
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Fig. 2—Study area and sampling locations
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(mean = 6.08%) in the medium sand, 2.91-64.88%
(mean = 14.05%) in the fine sand and 4.79-60.1%

‘(mean = 23.83%) in the very fine sand; and in the

estuarine environment are 1-8.32% (mean =
2.82%) in the fine sand and 0.91-35.92% (mean =
11.57%) in the very fine sand.

The upstream reaches (mainly the tributaries) of
the Muvattupuzha river enrich substantially high

‘content of 7THM than downstream reaches
‘(Table 1). In an earlier communication, Seralathan

& Padmalal’ reported high content of pebbles and

‘granules of quartzose/feldspathic composition in

these upstream samples, where THM spikes
anomalously in the sand fraction. The admixtured
occurrence of pebbles and granules of lighter
minerals (e.g. quartz and feldspars) as channel lags
along with the high concentrations of sand-sized
heavy mineral grains could be due to high energy-

‘based sorting processes taking place upstream
.owing to the high gradient nature of the river

profile® . The normalised frequency distribution of

'THM and respective size fractions (Fig. 3) depicts

marked variations both in size frequency and
heavy mineral contents; the former registering

.decreased values towards the finer end while the

latter shows an opposite trend. This contrasting .

-behaviour of size versus THM further exemplifies

the density based sorting of minerals. The
shielding effects of the coarser lighter grains also

/influence effective entrainment and transport of
hydraulically equivalent smaller and heavier
~grains’. The heavy mineral content in the mud

dominated regions of the estuary deviates
considerably from the above trend, because the
low energy regime prevailing in the mud
dominated zones will be insufficient to induce
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Table l——Average heavy mineral contents (in percentages) in the sand fractions

‘Size THM  OP Non-Op Am

Environmenf/
sub-environment class
- MS. 771 1284 8716 55.60
Thodupuzha FS 1802 31.14 69.27 42.12
tributrary VFS 2621 3277 6724 3531
Kaliyar MS 1139 846 8948 64.49
tributrary FS 2700 3004 6659 47.26
©_VFS. 3577 2383 7618 4605
Muvattupuzha MS 425 599 9401 5792
river (main stream) FS 6.47 10.55 63.15 59.09
VFS 23.18 2872 7125 46.62
Ittupuzha MS = 419 615 9391 69.37
distributary FS 9.66 10.18 B80.83 67.94
VFS 17.63 2474 7526 1420
Murinjapuzha MS 204 1352 8636 5981
distributary FS - 622 1192 8804 61.94
VFS 11.85 2235 59.83 5297
Vembanad FS 282 1292 7656 39.75
estuary VFS 11.57 2331 7469 3825

MS=Medium sand; Op=Opaques;

Py Ga Zi Bi Ru Mo Si. Al
13.90 9.11 1.00 1025 Rare Rare NR 0.55
3.88 5.75 485 457 Rare 055 ' NR . 0.85
1507 3.84 13.51 1.17 Rare - 0.7 NR 109
1349 7.89 - 1.03 1.72 Rare Rare NR - 0.57
1193 370 2.17 2.85 Rare Rare Rare 1.26
1417 180 1133 0.86 Rare 0.50 Rare 1.13
16.10 6.66 Rare 4.56 NR NR NR 1.78
1743 3.36 1.68 2.05 NR Rare Rare 1.77
1270 1.16 7.94 0.68 Rare Rare 0.61 1.21
15.18 5.86 1.09 2.28 NR NR NR Rare
1431 2.7 346 041 Rare . Rare NR 075
14.12 179 6.58 0.56 NR 0.52 Rare 1.14
12.82 2.6l 1.10 9.72 NR Rare NR '~ 0.6
14.14 1.80 5.38 259 Rare Rare Rare 0.89
1304 1.14 714 105 Rare Rare Rare 095
1062 071 2479 096 Rare Rare Rare 1.05
958 Rare 21.54 0.85 Rare 997 Rare 133

Bi=Biotite; FS=Fine sand; Non-Op=Non-opaques; Ru=Rutile; VFS=Very fine sand;

Am=Amphibole; Mo=Monazite, NR=Not recorded; Py=Pyroxene; Si=Sillimanite; THM—Total heavy minerals; Ga=Garnet;

Al=Altered minerais; Rare=<0.5%; Zi=Zircon.

size/density based sorting of grains. The cohesive
nature of mud also hinders the aforesaid sorting
processes to a considerable extent.

Heavy mineral assemblage (HMA)

The HMA of the riverine and the estuarine sands
consists of a spectrum of minerals such as
opaques, amphiboles, pyroxenes, gamet, zircon,
biotite, rutile, monazite, sillimanite and some
altered heaviers (Table 1). Of this, the first six
minerals constitute the bulk of the heavy mineral
crop, while others are present only in marginal
amounts. Opaques, gamet and zircon, in general,
exhibit a decreasing trend downstream; whereas
amphiboles and pyroxene behave oppositely.

Mineralogical diversities observed along the
river profile also point to density based sorting of
. minerals taking place progressively downstream.
Denser heavies such as opaques [Specific Gravity

(SG) of ilmenite, the most dominant opaque -

member, is 4.7], gamet (SG=4.3) and zircon
* (SG=4.7) settle fast at the pomt of current
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Fig. 4——Dendogram‘showin'g clustering of heavy minerals.

_' Mz.=Phimc'an; other symbols are similar to that of Table |

impingements, while the less dense inosilicates
(SG of hornblende, the most dominant amphibole,
is 3.21 and hypersthene the dominant pyroxene, is
3.43) are carried further downstream and
deposited. Monazite, though confined only to the
finer fractions follows opaques in its spatial
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Fig. 5S—SEM photograph of (A) estuarine zircon, (B) estuarine sillimanite and (C) surface txtural features of quartz grain

behaviour. Further, the higher values of
amphiboles and pyrexenes (lighter heavies) are
found shifted slightly downstream with respect of
opaques and other denser heavies within an
identical energy regime of the river channel. All
these reiterate the density based segregation of
heavy minerals progressively taking place in the
Muvattupuzha river downstream. In the estuarine
environment, the composition of heavy minerals is
highly variable on account of the heterogeneity in
the distribution pattern of sediment classes. The
antipathetic relationship between denser and
lighter heavy minerals is found to exist in this
anvironment too, except in the mud dominated
regimes. The deviation noted in the dispersal
pattern of heavy minerals in mud dominated
estuarine regimes is resulted from the inefficient
sediment sorting due to the low energy conditions
prevailing there.

Cluster analysis

Dendrogram prepared based on correlation
matrix of heavy minerals also supports the density
based segregation of mineral grains. Clustering
pattern (Fig. 4) shows a closely knitted group of
minerals such as opaques, zircon and monazite
along with the total heavies which forms a group
obviously denoting a high energy denser category.
Amphiboles and pyroxenes exhibit strong bonding
as they represent a comparatively low energy
regime, Other heavy minerals (e.g. biotite) do not
show any appreciable clustering as either they are
available in traces or their differential behaviour
during transportation/deposition.

. Provenance
Hornblende is usually bluish green in colour and

indicative ~ of  metamorphic  provenance'.
Occurrence of substanital amounts of hypersthese
and the presence of gamet suggests the role of
chamockites in contributing sediments to the
Muvattupuzha river. Sediments of the Central
Vembanad estuary also exhibit similar suite of
heavy minerals as that of the Muvattupuzha river.
However, the former can easily be distinguished
from the latter by distinct variations in the
morphological and optical characteristics of
mineral grains. The percentages of zircon,
monazite, sillimantie and rutile are substantially
high in the estuarine sediments than river
sediments. In contrast to the river sands, heavy
minerals of the estuarine sands exhibit perfect
rounding and unique surface textural patterns.
Surface textures of zircon, sillimanite and the light
mineral quartz (Fig. S5) distinctly indicate
subaqueous agitation with prolonged chemical
activity and long residence time for the estuarine
sands. All these suggest a different source
contribution (presumably from the beach ridges) to
a greater portion of the estuarine sands.
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