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Figure 6. Interacting ring voruces The younger vorlices overtake
the older ones and shp through them.
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Figure 7. A pattern pencrated when successive drops are released
and the resulting voruces are allowed to be influenced by convechon
currents or wakes sn the pool

siluation where a number of drop-generated vortices
have overtaken one another to form the pattern shown.
Note that the smallest ring is abour to overtake the
previous ring below. If convection currents or asym-
metric wakes are present when a number of vortices are
released, beautiful patterns may be generated (Figure 7).

In conclusion, we would like to express the opinion
that the drop mechanism is a compact, conventent,
reliable and inexpensive mecthod to gencrate and study
torotdal vortices. So far, we have only studicd Lthe rings
gencrated by water drops contacting pools of water.
Lven this has been limited to a small part of the B !-Re
plane. We arc confident that many intcresting and

beauvsful phenomena are waiting to be investigated
outside this lnmited domain.
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Magnetic properties of different rock
types associated with the manganese

ore deposits of Vizianagaram District,
Andhra Pradesh

A. Lakshmipatiraju and U. Kedareshwarudu

Department of Geophysics, Andhra Universaty,
Visakhapainam 530 003, India

We have measured the intensity of pnatural remanent
magnetization (J;) and volume magnetic suscepti-
bility (K) of samples collected from the manganese
ore deposits of Vizianagaram District, Andhra
Pradesh. The two magnetic properties of protore »~d
the ore are distributed in the ferrimagnetic and
paramagnetic range. Those of lithomarge, chert and
wad are mostly in the lower range. The distribution
of each magnetic property of all the rock types
together is lognormal. Jacobsite, magnctite and
vredenburgite are the ferrimagnetic minerals among
the many manganese munerals in the samples. We
found by magnetic scparation that samples with high
values of J, and K contained ferrimagnctic minerals
in varying proportions. Those with low valucs
contained few grains or none at all. Like suscepti-
bility, J, of the samples also seems to be syste-
matically rclated to magnetic fraction. From this
relationship, we inferred that a substantial pact of
NRM is viscous or isothermal in nature. Though 2
relationship between magnetic (raction and suscepti-
bility is common, it has a special sigmficance in this
context. In mangancse deposits the primary ferri-
magnclic minerals in protore arce transformed into
secondary paramagnetic mincrals by the process i._rf
supergene ovidation. The differences in magnetic
properiies, among different samples of a }h-pmil ur
formation, reflect differences in magnelic coutent
and in turn the relative stafes of onvedation.

CLOLOGICAL aspects of manganese ore deposits i ihe
Vizianagaiam  District of Andlua Pradeslt ae well
studicd! 3. Bhimasanhdaram and Rao™ weported magnete
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Table 1. Magnetic properiies of different rock types

A x 163 (5D J,x 10° A/m 0,
Rock ivpe Range Averape Range Average Range Average
ta) Protore-F 30-22 g1 3 160-9400 908 0 (8-0 95 027
(bt Protore-P 06344 | 69 22-256 71 0 001-042 0 D3
(a) Ore-F 63 0-713 286 100-2910 g1 0003-124 023
{5 Ope-P 042-226 {23 07666 [6 8 (0 003-2 86 0 06
Chert 0 38-3 27 133 [ 7-100 24 8 0 607-1 95 013
Lihomaree 0 47-1 28 0 86 } 5-26 4 70 0 04-1 15 D138
W\ ad 06-6 81 ! 8 20-76 9 132 005-073 019
AH types®
{a) Mean (1) -0 0947 — 0 8637 -0 795
{t) — 2 8163
(b Median (1) — 0 9545 -2 1008 — ) 766
(1) -2 8303
(¢) Mode (1) -0 9737 -2 1909 —~ 0658
(11) - 2 8255
(d) Shewness (N+ 00159 + 0 7968 — 0 038
(n)+ 00335

(e) Kurtosts (1) Mesokurtic

(1) Leptokurtic

Platykurtic

Leptokurtic

*Statustical ¢stimates for lognormal distribution
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Figure 1. Location map

metric surveys over some of these deposits and corre-
lated magnetic susceptibility with normative amounts of
(MnFe);0;. One of their observations is that some ore

bodies caused large magnetic anomalies while some
others, though of higher grade, caused small anomalies.
We have studied magnetic properties of the constituent
rock types of these deposits o identify the factors
affecting magnetic propertics. The corrclation found
between the magnetic properties and the mineralogy is
presented here.
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About 300 block samples of protore, ore, lithomarge,
chert and wad, were coliected from the deposits at Sada-
nandapuram, Devada, Garividi, Chipurupalle, Garbham,
Kottakarra, Avagudem, Gadabavalasa and Bondapalle
(Figure 1). Cylindrical specimens measuring 2.5 cm in
diameter and 2.2 cm in length were prepared in the
laboratory by drilling the block sampl.s with a dtamond
drill. Roughly spherical specimens were prepared from
the few samples which could not be drilled either
because of their hardness or because they do not
withstand drilling. [ntensity of natural remanent magne-
tisation (J,) of the specimens was measured on a spinner
magnetometer. Volume magnetic susceptibility (K) was
measured on a low field susceptibility meter® at a field
strength of 0.05 mT (/). The Koenigsburger ratio J,
was calculated for all the specimens using the J, and X
values. O, = J,/KH. Bulk density { p) of the specimens
was determtined by the conventional method using loss
of weight in water. In the present context p was used as
a parameter against which J, and K can be plotted.

The values of J, K and @, of all the rock types
measured are summarized in Table 1 and presented as
frequency histograms in Figure 2. The susceptibihtics of
both protore and ore are high (30-712 x 10-3 (SI)) as
well as low (0.38-12 x 10~%) while those of other rock
types are mostly in the lower range. J, of the five
different rock types covers a wide range of 0.7 to 9400
x 10> A/m. The values of both protore and ore show
central tendencies in the two ranges 0.7-67 x 10°% A/m
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and 100 9400 % 107 A'm. J, of the other three rock
types are mostly in the lower range. From the frequency
histograms of A and J, (Figure 2, a and &) the data seem
to conform to lognormal distribution with a bimodal
nature, The corresponding modes, means etc, are listed
in Table 1. The bimodal nature of the combined
histograms of all the rock types seems to be due to the
predominance of values of protore and ore. This is also
evident trom the p—~ K and g —J, plots (Figure 2). The
(), values of all the rock types are between 0.001 and
12.4. The distribution seems to be lognormal and tis
unimodal with a small negative skewness.

The manganese protore 1s a metamorphosed product of
the ortginal manganiferous argillaceous, arenaceous and
calcareous sediments. The manganese in it ts in the form
of primary oxides, silicates and carbonares. The consti-
tuent manganese minerals of the different rock types
under study were identified by examination of poiished
and thin sections and by X-ray diffraction analysis. As
far as magnetic properties are concerned the Mn-Fe
oxides are of importance. The primary oxide minerals
identified in manganese protores are: bixbyite, braunite,
haematite, hausmannite, jacobsite, magnetite, manga-
nite, etc. In the zone of oxidation, they were subjected
to weathering, leading to enrichment of manganese and
resulting in the formation of ore. They are dissolved by
meteoric waters in the process of supergene oxidation.
The higher mobility of Mn than that of Fe leads to
remobilization and deposition of Mn and Fe ions under
favourable conditions of pH and Eh. Through this
process the primary Mn—Fe oxides of lower valence
state are converted inte their corresponding higher
oxides. On complete oxidation they are transformed into
one of the higher oxides like pyrolusite or cryptomelane.
Other secondary oxide minerals identified in the ores
under study are romanechite, ramsdellite etc. Primary
minerals also occur in the ores® 7-?, Those identified 1n
some of the ore samples under discussion are brauniie,
hausmannite, jacobsite, magnetute and vredenburgite.
Their presence is due to either incomplete oxidation or
transportation by meteoric waters,

Among the primary and secondary oxide minerals
jacobsite, magnetite and vredenburgite are ferrimagne-
tic. The former two belong to the magnetite—hausman-
nite solid solution. The intermediate member jacobsite
is iso-structural with magnetite'® and it is even more
magnetc  than the latter. The saturation magne-
tization of jacobsite can be as high as 1.5 times that of
pure magnetite''. Vredenburgite is a two-phase inter-
srowth of jacobsite and hausmannite. Most of the other
mangangse minerals are paramagnetic!?,

Specimens with their susceptibilities in the higher
range (Table 1), among protores as well as the ores,
were found to contain jacobsite and magneute, Vreden-
burgite was found in a few ore specimens. Because of
their values in the ferrimagnetic range and because of
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their content of ferrimagnetic minerals they are named
as protore-F and ore-F. Those with susceptibilities in the
range 0.42-4.4 x 1073 (S1) do not contain ferrimagnetic
minerals except an occasional grain of jacobsite or
magnetite in a stray spectmen. They ar¢ accordingly
named as protore-P and ore-P. The J, values of these

two classes of specimens (ferrimagnetic and para-
magnetic) are not as distinctly separate as their
corresponding K values. It may be due to the fact that J;

is more complex in nature than K. In protores it may be
a vector sum of TRM, VRM et¢c. In the ores and the
other altered rock types it can be the vector sum of [RM,
CRM, TRM of retic ferrimagnetic grains and any other
possible components. The high values of X and J 1n

protore-F and Ore-F are obviously due to the presence
of ferrimagnetic minerals. The low values in protore-P
and ore-P are ascribed to the paucity of ferrimagnetic
minerals possibly due to leaching or oxidation in the
former and complete transformation in the latter,
Lithomarge is a product of in-suu disintegration of
protores and paragneisses. It is composed of pyrolusite,
cryptomelane, ilmenite, goethite and clay. The
formation of chert is by the process of chertification —
the alteration of manganese silicate and deposition of
the secondary silica in a colloidal state. Wad is the -
situ remanent of the paragneisses and/or protore. It
consists of garnet, limonite, goethite and clay. It may
also contain pyrolusite and cryptomelane or romane-
chite. The K values of these three rock types are in the

general range 0.38-3.27 x 1073 (SI). J, is between 2 and

66 x10-3 A/m. Few samples of the three rock types from
the contact zone with ore or protore showed higher
values. These ranges of J, and X overlap those of the

ore-P. The separate ranges for individual rock types are
listed in Table 1. The low values of chert, lithornarge
and wad may be due 1o the depletion of primary
ferrimagnetic minerals during oxidation and leaching.

The presence or otherwise of ferrimagnetic minerals in
the samples, as made out from the mineralogical study,
was verified by magnetic separation. About 30
specimens, of all the rock types studied, were pulverized
to =230 mesh size and the magnetic component was
separated with a magnet. The volume percentage In
specimens with high susceptibility and J, is 1-37%.
Specimens in the paramagnetic range ytelded few
crains, that could be picked up by a magnet, or none at
all. The magnetic fractions thus estimated are plotted
against K in Figure 3a and against J; in Figure 3 5.
Values of X less than 30 x 10-% {S1) plot near the
ordinate and higher values are against percentages of
one and above. It seems that the distribution of magnetic
propertics in two different ranges is Decause of
differences in the ferrimagnetic mineral content,

The plot of J, against magnetic content is similar to

that of K and the relationship appears 1o be more syste-
matic. Magnitude of NRM need not necessarily be
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related to the magnetic fraction. In addition, it depends
on the composition of the magaetic minerals, nature of
magnetization, domain states, the number of domains
alicned along a common direction etc, It may possibly
be the vector sum of many components of magnetization
acquired at different times. But its dependence on
magnetic fraction (Figure 3 b) leads one to infer that a
large part of the magnetization is viscous (VRM) or
isothermal (IRM) in nature, The O, values, which are
sometimes used to assess magnetic stability, seem to
corroborate this inference. The values of all the rock
types are in the same broad range with a lognormal and
unimodal distribution. This is consistent with the fact
that magnetizations are controlled by minerals of the
spinel group only. The average values of all the rock
types (Table 1) are less than 0.5. Rocks with such values
are dominated by MD (multi domain) grains'”. The
protores under study are coarse-grained with grain sizes
of 2 mm or more being common'?. The other rock types
are the altered products of protore or paragneisses.
From these considerations, the magnetizations in all the
rock types seem to be soft. Such natural remanent
magnetizations are not likely to be much different in
direction from the induced magnetization. Direction of
the latter normally coincides with that of the ambient
ceomagnetic field. These inferences lead to the
conclusion that the contributions of these two compo-
nents of magnetization to the magnetic anomalies are
likely to be complementary to each other. Differences In
magnetic properties caused by differences in the concen-
tration of magnetic minerals are indicative of the extent
of leaching and oxidation in these rock types rather than
their original composition.
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Occurrence of monazite in some
alluvial soils of North Bihar

J. Mall and B. B. Mishra

Soi1l Survey and Land Use Planning Scheme, Sabour,
Bhagalpur 813 210, India

Monazite, a thorium-bearing mineral, has been
identified in the heavy mineral fractions of the fine
sands from the alluvial soil profiles at Barpalia and
Gyaspur of Siwan district in north Bihar. The
amount of monazite varied from 14.29 to 15.40% and
6.25 to 9.38% of the heavy minerals in the fine sands
of Barpalia and Gyaspur, respectively. Monazite
conld have been derived from the granite peg-
matite and gneissic metamorphic rocks in association
with feldspar, zircon and apatite from the Hima-
layan orogan. The amount of 232Th present in mona-
zite originally ranges from a few wt% ThO; to 10~
129%!. Even in the east coast of India, monazite
contains 9.05% ThO,.

MONAZITE, a {(Ce, La, Th) (PO,), occurs only in the

finer fraction of the sediments?. Compared to Kerala
coast’, Chilka lake coast contains monazite only in a
small amount (0.16—0.88%)? in the heavy minerals of
the fine sand fraction. Even in the cast-coast, its percen-
tage in the coastal sediments was estimated to range
from 0.5 to 3.0% (ref. 2), while in the Travancore coast,
its percentage was as high as 10.22% (ref. 1). Although
thorium is present in monazite in substitution for cesium
and Janthanum, thorium-free monazite is rare'. It 1s,
moreover, observed that the intensity of radioactivity Is
proportional to the average monazite content and the
level of radicactive intensity in the region may be due to
occurrence of monazite even in traces. The present
investigation was accordingly undertaken to identify the
presence of monazite in some alluvial soils of the Indo-
Gangetic plain of north Bihar quantitatively. No data cn
these aspects for all alluvial soils, particularly of north
Bihar, are available. However, in India, monazite is
known to occur in Travancore, Gaya and Ratnagiri'
besides coastal sediments near Chilka lake?.
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