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TABLE 3 — CHEMISTRY OF SEDIMENTS OF THE ADJACENT SHELF

Texture

AlO;%

Fe%, TiO,% Mn in ppm  CaCO;%
No. No. depth —_— —_— .
m A B A B A B A B
SectiON I: NORTH OF GULF oF KUTCH
1 1 20 Clay 13-42 1491 345 3-83 0-42 0-47 1024 1138 10
2 2 27 Silty clay 13-06 14-35 3-56 3-91 0-43 0-47 791 869 9
3 3 41 Clay 1295 14-23 562 6-71 041 0-45 558 613 9
4 4 94 Silty clay 12-36 1545 5-53 691 0-41 0-51 268 335 20
SzcrioNn II: NorTH oF GULF oF KuUTcH
5 1 — do 13-64 15-15 5-53 6-14 0-45 05 529 588 10
6 2 60 Clayey sand 846 141 2:96 4-93 03 0-5 442 737 40
7 3 85 Silty sand 63 13-4 1-37 319 0-26 0-55 529 1125 53
8 4 100 do 7-51 12-11 323 5-21 0-42 0-67 1059 1708 38
SectioN IIT: SoutH oF GuLF oF KurcH
9 1 30 Silty clay 12-62 14-24 6:19 6-87 0-55 061 709 788 10
10 2 54 Clayey silt 10:73 1277 5-54 6-59 0-64 0-76 709 844 16
1 3 65 Silty clay 917 1223 3-62 4-83 0-61 0-81 721 961 25
12 4 90 do 8:99 12:31 3-56 4-88 0-59 0-81 669 916 27
SEcTiON IV: SoutH OF GULF oF KuTtCH
13 1 29 do 12-27 13-34 5-61 6-09 0-57 0-62 686 746 8
14 2 42 do 12-63 13-88 6-42 7-06 0-69 0-76 768 844 9
15 3 69 do 574 9-26 301 4-85 044 0-71 593 956 38

A = concentrations in the bulk sample;

B = concentrations on carbonate-free basis.

data with data from the Gulf sediments shows
gres ter similarity with the sediments of the rorthern
region than with those of the southern region. It is
very well morked in the case of titanium, but it is
rot so in the case of iron; 2ctually the behaviour of
both aluminivm and iron are similar. This implies
that the sediments of the shelf region coming from
the north are not trensported up to the southern
part of the Gulf to a great extent but ere deflected
into the Gulf @s a result of some physicel processes
and this may be the rezson for the sediments in the
shelf region north of Gulf of Kutch being chemically
different from those found south of the Gulf of
Kutch. Tt maybementioned herethat the similerity
observed between the Gulf sediments ard the
sediments of the northern region of the adjacent shelf
could not be due to sediments coming from =djecent
land messes to the Gulf becsuse the supply from the
streams openirg into the Gulf is probably regligible
in view of the fect thet they are small, estuerine in
nature and running through the surrourding lend
masss which is an arid zone.

The authors are grateful to Dr 8. Z. Qesim for
going through the manuscript critically end to Shri
H. N. Siddiquie for encourcgement. They are
thankful to the Ceptain and crew of RV Gaveshani
for their cooperation in the cruise.
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The 2 highly ferruginous sandstone units found are
elongate, parallel to the coast line and are unfossili-
ferous. The sandstones are coarse grained, well
sorted and negatively skewed. Textural characters,
areal pattern and mineralogical composition
suggest that the sandstones have been derived from
the eolian red sands and deposited during one of the
sea level fluctuations on the east coast of India. The
sandstones are considered to be post-Pleistocene in

age in view of their position above the late Pleistocene
red sandy sediments.

ERTIARY scndstores e re krown from the co: stal
trects of West crd Fast Godaveri Districts of
Andhra Pradesh®’2. However, their extersion fur-

ther north hcs not been reported except the
References occurrerce of sardstones in Ranesthclam 2rea of
1. Cuester, R. & Hucugs, M. J., Appl. Earth Sci., 77 Srlkai‘{ulam District®. This petch of scndstones is
(1969), 37. considered to be en equivelert of Rejchmurdry
2. RiLEY, J. P., Analytica chim. Acta, 19 {1958), 413. . . . : -
3. MULLER,J G., Methods in  Ssedimeniavy  petvology Sagdst(ir(lies of Mlocene .age- Durlng a Sthdy on the
(Schweizerbort Verlag, Stuttgart), 1967, 283. ) red sandy sediments in 'the coastel crea between
4, Hasumvi, N. H., Nar, R. R. & Kiowar, R. M., Indian Vls?kh?pﬁtn,am ard Bhimuripatnem, 2 serdstone
s M] mar, SSMN {in Pres‘f}l" hed dat patches overlyirg the red serds he ve been observed
. Murty, P. S. N., unpublished data. ) adapale . : j
6. Rao, Ch. M., chfon RajAMANICKAM, G., Murry, Loof Vadepalem (Fig. 1). No outcrops of such

P. S. N. & Reopy, C. V. G., Indian J. mar. Sci., 5
(1976), 46.
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rocks cre found in other parts of the besin or in the
adjacent areas. The 1st sandstone (S;) is located at
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300 m from the present coast line and the 2nd unit
(Sg) lies further 300 m inland (Fig. 1). The first
unit is at a lower level and the lower contact of the
formation is not exposed and the outcrop is seen on
either side of a chapnel cutting. The 2nd unit is a
linear body 2 to 5 m wide, maximum of about 2 m
thick and extends in the NE-SW direction for
200 m. A stream has greatly dissected the NE part
of the formation reducing the length of the sand-
stone body. The sandstone wunits are almost
parallel to each other and in turn parallel to the
present coastline.

The sandstones are highly compacted, ferruginous,
structureless and unfossiliferous. Therefore, in this
paper ¢n attempt is made to describe and interpret
the depositional environment of the sandstones,
basing mainly on textural characters, mineralogical
composition and physiogrephical factors of the
formatiors. '

Two samples were collected from the sandstone
unit I (S;) on either side of the channel cutting.
In the sandstone unit IT (S,) 3 samples were col-
lected along its length. Two samples from the
underlying red sandy sediments of S, and 2 from the
inland red sands were also collected.

Sandstone samples were soaked in water for 24 hr
and then gently crushed in a mortar until the
individual grains were completely separated. These
samples and the red sandy sediment samples were
treated with stannous chloride to remove the iron
oxide coatings. The clesn sands thus obtzined
were subjected to granulometric analysis using
1 ¢ sieves. Grain size parameterst were calculated
from the statistical data. Heavy minerzls were
separated using bromoform and studied under
microscope. -

Grain size characters of sandstones and red sands
(Table 1) show that the sandstone unit S, is rela-
tively coarse grained and well sorted compared to
the red sands and sandstone unit S,. Both the
sandstone units are better sorted than the red sands.
While the red sands sre positively skewed, the
sandstones are negatively skewed. No systematic
trend is apparent in the kurtosis values of the red
sands and sandstones. Sandstones @re charecterized
by quartz content in excess of 959, and are enriched
in total heavy mineral per cent compered to the red
sands. Heavy minerals present in decreasing order
of abundance are sillimarite, opaques, kyenite,
pyroxenes, rutile, tourmaline and zircon. However,
the type of minerals present are seme in both.

Highest quartz content, well sorted neture, high
degree of rounding and restricted heavy mineral
suite. indicate a multicyclic origin of the sands
constitutirg the sandstones. Pettijohn et al.5 state
that, the above type of sands will have an eolian
episode sometimes in the history, not necessarily in
the lest stage represented by the present accumula-
tion. Therefore, it may be inferred that the sands
of the sandstones under present- study have been
derived from the underlying as well 2s inland red
sands that were considered to have an eolian
deposit®?. . ' ’

From the physiographic arrangement of the sand-
stone and the .nature of the grain size parameters,
the sandstones are considered to haye been formed
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Fig. 1 — Physiography of the area and locations of sand-
stone units )

83’22’

TABLE 1 — GRAIN SIZE PARAMETERS AND
Heavy MINERAL PER CENT OF SANDSTONES AND
RED SANDY SEDIMENTS -
[Data from Folk and Ward¢]

Heavy

Sample M c Sk, K
No. mineral
%
S 1-51 0-556 —0-065 0-9224 13
S;2 1-33 0-54 —0-096 1-071 15-5
S,1 1-47 0-46 —0-012 1-526 9"
S,2 15 0-412 —-0071 1-49 113 -
S.3 1-27 05 —0-069 1-039 153
RL, 1-84 0-577 0-023 1-071 27
RL, 1-9 0-574 0-036 0-99 28
RL, 1:72 0-587 0-029 15 3.7
RL, 1-94 0-646 0274 1-544 4-5

S, = sandstone unit 1, Sy = sandstone unit 2, RL = red
sandy sediments.

during one of the marine transgressive phases.
Such a conclusion is strongly supported by the sea
level fluctuations recorded on the east coast of
India® and location of ancient shore lines farther
inland to the present coast line in the Godavari
Delta area®. Further, from the log data, from
bores in the tidal basin of Visakhapatnam and
features reported?®, it has been inferred that during
the commencement of Holocene (since 10000 B.C.),
the sea level at Visakhapatnam might have been
about 7 m higher than the present. During this
transgressive period, the red sands might have
remained under sea for certain period and con-
siderable reworking of the sediments took place.
In the reworking process, finer p-rticles of the red
sands might have been winnowed out by the waves
and carried offshore. Further, it improved the
sorting of the sediments and resulted in the concen-
tration of heavy minerals. Such a process by
waves is evidenced by increase in the mean size,
better sorting and negative skewness of the sands
of the sandstones compared to the mean size,
moderate sorting and positive skewness of the red
sands. In addition, higher concentration of the
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total heavy mineral per cent of the sandstones
relative to the red sands (Table 1) substantiates the
inference that the red sands were considerably
reworked by the waves before being deposited as
sandstones. Mason and Folk!!, Friedman!? and
Duane®® observed that to a greater extent dune
sands are positively skewed and beach sands are
negatively skewed. Martins® has suggested 2
possible causes for negative skewness: (i) addition
of material to the coarser terminal, and (ii) sub-
traction of fines from a normal population. In the
present area, the removal of the fines from the red
sands by the waves might have resulted in the
negative skewness of the sandstones.

Physiography of the area (Fig. 1) suggests that
the sea might have entered the area of deposition
of sandstones as a tidal inlet in between
the 2 hills. Therefore, all the reworked sedi-
ments and the sediment load derived from the
inland red sands could not be transported to the
sea freely and probably resulted in the formation
of a sand barrier. Such a development of sand
barrier in the tidal inlets and also in the regressive
and transgressive sedimentary cycles have been
reported earlier'™16. The field relationship of the
sandstones suggests that the sandstones were depo-
sited in 2 phases of marine transgression. Perhaps
the sea stood at the first unit (S;) level long enough
to form a barrier to be established and moved
further inland. Later this barrier had been sub-
merged and a new barrier has become established
at the second sandstone unit (S,) level. During the
formation of the second barrier, the submerged
barrier had been covered with the reworked red
sands transported seaward from the new strand
line and also with some pebbles derived from the
wave attack on surrounding rocks. The 3 m over-
burden on the 1st sandstone unit S, constituting
bands of uniform red sands and well rounded pebbles
support the above conclusion.

There is no direct evidence on the stratigraphic
position of the sandstones. However, the sand-
stones may be considered as Holocene, as they
overlie the late Pleistocene® red sands.

* The first author (Y.S.) gratefully acknowledges
the financial assistance from the UGC, New Delhi,
under Faculty Improvement Programme.

References

1. KrisHNAN, M. S., Madras District Gazetteers, 2 (1935),
180.

2. MaHADEVEN, C. & SRIRAMADAS, A., Q. JI geol. Min. &
Metall. Soc. India, 24 (1952), 115.

3. Ramam, P. K., in Indian mwmerals (Silver Jubilee
Volume), 1973.

4. Fork, R. L. & WaRrRD, W. C., J. Sed. Petrol., 27 (1957),
3.

5. PETTIOHN, F. J., in Sedimentary vocks, 2nd ed. (Harper
& Bros, New York) 1957, 718.

6. MAHADEVEN C. & SarHapatai, N., Indian geogr. J.,

4 (1949), 1.

7. VISHNUV‘ARDHANA Rao, M. & DurGaPrasaDA Rao,
N. V. N., Curr. Sci., 37 (1968), 348.

8. POORNACHANDRA Rao, M., C.R. du 3e Congress de la
P.1.0.5.4., Tananarive, Section C, 1957.

9. VampvanapHAN, R., personnal communication.

10. Prupnavi Raju, K. N. & VaiDvYaNaDHAN, R., J. geol.

Soc. India, 19 (1978), 26.
. Mason, C. C. & FoLk, R. L., J. Sed. Petrol., 28 (1958),
11.

[N
—

o~
oo

VOL. 7, MARCH 1978

12. FriepmaN, G. M., J. Sed. Petrol 31 (1961), 514.

13. Duang, D. B, J. Sed. Peivol., 34 (1964), 864.

14. MarTins, L. R. J. Sed. Petrol 35 (1965), 768.

15. OweN, D. E., Bull. Am. Ass. ;betrol Geol., 48 (1964), 540.

16. SANDERS, ]J. E. & NARESH KuMAR, Bull. Am. Ass. petrol.
Geol., 59, (1975), 1549.

Spectral Characteristics of Sounds Produced by
Toad Fish & Shrimps

K. S. N. NAMBOODIRIPAD

Department of Marine Sciences
University of Cochin, Cochin 682016

Received 18 November 1977; revised received 28 January 1978

Sounds produced by toad fish and shrimps, col-
lected from the Cochin backwaters, were recorded in
the laboratory and the records analysed using an
audio frequency spectrometer and an oscilloscope.
The records of burst-pulsed sounds produced by
toad fish showed at least 3 harmonically related
frequencies. The fundamental frequency varied from
about 125 Hz to 160 Hz depending on the size of the
animal. The pulse type sound produced by the snap-
ping shrimps had maximum energy in the frequency
range 1500 Hz to 2500 Hz and appreciable energy was
found even at 16 kHz. No difference in the structure of
the sound was found to exist with the size of the
shrimp.

SUCCESSFUL application of underwater acoustic
techniques in naval operations, fathometry, fish
finding and telemetry requires an understanding of
sounds contributed by various component' sources
to the ambient noise level. Acoustic ambient noise
in the sea has 3 major component sources, viz.
water motion, man made sources and marine life.
In coastal waters and harbour areas, a predominant
component of ambient noise is due to marine life.
Identification and localization of soniferous marine
organisms from the sounds at sea is possible only if
we know the characteristics of the sounds produced
by individual contributors.

Significance of sounds produced by toad fishes
and shrimps in the ambient noise level in the sea
has been conclusively demonstrated. Fange and
Wittenberg! have studied the structure of the swim
bladder of the toad fish in relation to production of
sound and Fish ¢f al.2 have shown that the fre-
quency characteristics of sound produced by indivi-
dual toad fishes are constant. Spectral distribution
of energy of the sounds produced by snapping
shrimps has been' reported®?. Johnson ‘ef al:8 and
Knudsen ef al.” have described the snapping habits
and the mechanism- of sound production in shrimps.
Acoustic characteristics of the sounds produced by
toad fish (family Batrachoidae) and snapping'shrimp
(family Alpheldae) have been studied and- the results
presented in this paper.

The animals were collected from the Cochm
backwaters and the individuals were kept in the
laboratory in a tank (3Xx2x2 ft). Thé tank
was lined: inside with 2 in. thick foam rubber
ctishion, to prevent the animals from strlkmg the
sides and bottom, and was mounted on a 2 in. thick





