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INTRODUCTION.

The collection of fossil fish-scales under report was made by Mr. E. R. Gee, Officiating
Superintending Geologist, Geological Survey of India; and entrusted by the Director of that
Department to Dr. S. L. Hora for study and report. After a preliminary examination of the
material, Dr. Hora, in view of the fact that the families and genera represented in the collection
hore a close similarity, if not absolute identity, with the living forms, very kindly asked me to
examine the scales of the present-day Percomorph and other fishes with a view to determining
if possible the generic position of the fossil scales.

Most of the scales in the collection are those known as ‘irregular’ and hence much difficulty
was experienced in identifying them. A typical or a regular scale is one taken from the broadest
part of the body where all the characters are generally fully developed, and its structure can
be relied upon with a fair degree of certainty for the identification of a particular species. An
‘irregular’ scale, on the other hand, is one from any other part of the body, namely head, caudal
region, ventral surface and bases of fins, where the scales are not properly developed and do
not show all the characteristic structures of the scales of the species. Irregular scales are,
therefore, apt to mislead, for they may sometimes possess an entirely different pattern from
that of a typicalscale of the species. As there can be no selection in the preservation of fossils,
and as irregular scales cannot easily be distinguished, Cockerrel (1919, p. 168) warns that* .. ...
they should be set aside if there is any reason to think that they are not typical ..... . In
the present work it has been found that the irregular scales can also be used advantageously,
within limits of course, by comparing them with irregular scales of the living species. Thus
they have not proved as useless as they appeared at first, but this detailed comparison has
entailed a great amount of work. It is well, however, to remember that whereas a regular
scale, more often than not, has a specific value, an irregular one can, at the most, be relied on
for a genericidentification. For stratigraphical requirements, probably this limited identification
may even be of sufficient importance.

As regards the provenance of the material, Mr. Gee has very kindly given the following
note :—

‘The oxact location of the clay beds containing the fish-scales is in the left side of the tributary
gorge in the right angle bend which occurs between the two springs one mile east-—40° south of the village

of Triri (32° 32’ : 72° 16" 30”) and about 1} miles west-south-west of Kandana (32° 307 : 72° 18’ 30”)—

see Topo. Sheet No. 43D/6. The fossiliferous, blue-grey clay about 4% feet thick, from which most of

the specimens were collected, occurs among the massive brownish-green sandstones a few feet from the
base of the sequence. About 80 yards upstream, two lenticular bands of similar indurated clay are
intercalated in the sandstones about 30 feet above the base. A few fish-scales were found in the lower of
th?as:‘two bands and a piece of partially carbonised, fossil wood in the ochreous clays of the upper inter-

Cé. 10n.,

‘The sandstone-clay sequence rests horizontelly on the underlying Laki limestones at the fossil
locslities but a short distance further south the dips are northerly at steep angles.’

In the following account the various types of scales are described and their probable
relationships elucidated. For the arrangement of the material I have followed Weber and de
Beaufort’s (1922, 1931, 1936) system of classification. The evidence furnished by these fish-
remains in regard to the ecological conditions under which the fish lived during that period
and the age of the beds are discussed at the end of the paper. The whole of the material dealt
with in this paper is preserved in the collections of the Geological Survey of India.

1 Mr. E. R. Gee has very kindly informed me that the Nimadric System includes the Murree and the
Siwalik sequence.

2 Published with permission of the Director, Zoologice! Survey of India. This paper had been accepted
in 1942 for publication in the Rec. Geo. Surv. Ind., but due to the cessation of publication of the journal, it
could not be published. My grateful thanks are due to the Director, Geological Survey of India, for permit-
ting me to publish this article in the Proc. National Inst. Sci. India.—K. K. Nair, Supdt. of Fisheries, Bengal.
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I wish to record my grateful thanks to Dr. Baini Prashad, Director, Zoological Survey of
India, for affording me all facilities for the work and for his criticism. I am highly indebted
to Dr. 8. L. Hora for the material, valuable suggestions and constant encouragement.

SYSTEMATIC DESCRIPTION.
Order PERCESOCES.
Family Atherinidae.
Genus Atherina (Artedi) Linn.
Material.—Specimen No. K.39/565, No. 2 (P1. 111, fig. 5; text-fig. 1).

This is a degenerate scale as it is devoid of any regular structure in the centre. Though
it is greatly damaged and the impression of the missing part is also faintly marked, the latero-
basal angles can be made out: a number of basal circuli stop short at these angles. The circuli

TEXT-Fic. 1. Fossil scale K.39/565, No. 2 resembling that of an Atherinid. x Ca 40.

are relatively more closely packed in the basal region than in the lateral, while in the apical
region all the circuli, with the exception of a few in the middle, meet the apical margin; they are
apparently not modified into any type of apical elements, and the apical margin is, therefore,
cycloid. There are six basal radii.

Remarks.—The fossil scale described above resembles that of Atherina (Artedi) Linn.
According to Weber and de Beaufort (1922, p. 268) Atherinids are carnivorous fishes of small
size, living in shoals in temperate and tropical seas near the coast, in brackish water, several
species even entering fresh water.

Order LABYRINTHICI.
Sub-order ANABANTOIDEI,
Family Polyacanthidae
Genus Polyacanthus (K. & V.H.) C. & V.

Material.—Specimen No. K.39/565, Nos. 34, 40 and K.39/567, No. 49 (PL. III, fig. 2;
text-fig. 2, @, b & ¢).

Two of these scales (@ and b) are regular while the third (¢) is obviously a scale from the
lateral line, They are more than 1§ times as broad as long and are more or less provided with
latero-basal angles. The nucleus is near the apical region and is closely surrounded by the
circuli. The circuli are very closely packed in the basal region and run almost parallel to one
another. A number of the basal circuli stop short at the sides, and hence the lateral circuli are
widely spaced. About half of the lateral circuli also terminate in the lateral regions thus
demarkating the apical portion of the scale. Some of these circuli, however, traverse the apical
region and are modified into rectangular subapical elements. Unfortunately the spinous portion
of the apex is not preserved in any of the specimens. There are from nine to thirteen basal
radii diverging from near the nucleus and spreading over the whole of the basal area.
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Remarks.—There are many points of similarity between the fossil scales and that of
Polyacanthus (K. & V.H.) C. & V. (text-fig. 2, d), a maritime genus which frequents fresh
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TeExT-F16. 2. Three fossil and one present-day scales of the family Polyacanthidae. a. Fossil scale (K.39/585,
No. 34). xCa 25;b. Fossil scale (K.39/5667, No. 49). xCa 27; c. Fossil scale (K.39/565, No. 40).
X Ca 29; d. Scale of Polyacanthus cupanus Cuv. and Val. xCa 19,

waters and estuaries along the coast, but is usually not found far inland. The fossil remains
of the Polyacanthidae were described for the first time by Hora (1938, p. 277) from the Inter-
Trappean beds at Deothan and Kheri, Central Provinces and assigned to the Eocene period.
The fossil remains of this family have also been found in the Lower Tertiary of Sumatra (Berg,
1940, p. 485).

Order PERCOMORPHI.
Sub-order PERCOIDEA.
Division Perciformes.
Family Serranidae.
Sub-family EPINEPHELINAE,
Genus Epinephelus Bloch.

There is a large number of scales, closely allied to those of the modern Percomorphi. But,
since most of them are irregulars, only a few scales have been dealt with in this report.

The three types of scales described below have a striking resemblance to those of Epinephelus
Bloch, the habitat and distribution of which according to Weber and de Beaufort (1931, p. 15)
are as follows: ‘The numerous species of these much valued fish are widely distributed in all
tropical and sub-tropical seas. Most of them attain a large size and are living in coastal and
deep water.’

Material.—Specimen No. K.39/565, No. 23 (Pl III, fig. 4; text-fig. 3, a).

It is an irregular scale, longer than broad and slightly tapering towards the apex, so that
the base of the scale is decidedly broader. Definite nucleus is not present, but instead there is
a nuclear area, which is long and narrow; it is placed longitudinally in the centre of the scale.
The circuli are more numerous in the basal region; some of them meet the lateral margins while
a few of the remaining ones pass on to the apical area and are modified so as to form irregular
thick ridges in the small apical region. There are nine basal radii which occupy the whole of
the basal portion. A few of them are very short and arise at short distances from the margin.
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a. Fossil scale (K.39/565, No. 23).
x 45,

Blkr.).

{

X Ca 22; b. Scale of Epinephelus boenack

A fossil and a present-day scales of the family Serranidae.

TEXT-FIG. 3.

a. Fossil scale (K.39/667,

X Ca 43; c. Fossil scale (K.39/567, No. 44).

x 39.

present-day scales of the family Serranidae.

X 36; b. Scale of Epinephelus morhua (C. & V.).

X Ca 24; d. Scale of Epinephelus morhua (C. & V.).

Texr-ric 4. Two fossil and two
No. 43).
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Remarks.—This scale resembles in all salient features an irregular scale of Epinephelus
boenack (Blkr.), which is figured here for comparison (text-fig. 3, b). This is a very widely
distributed species and, among other places, it is found in the seas from the east coast of Africa,
Red Sea, South Arabia, coasts of British India, Ceylon, Siam, Tonkin, China to Southern Japan,
Formosa, Philippines and North Australia.

Material.—Specimen No. K.39/567, Nos. 43 and 44 (text-fig. 4, a & ¢).

Specimen No. 43 (text-fig. 4, a} is an irregular scale while No. 44 (text-fig. 4, ¢) is a regular
one; they are longer than broad. The base of the regular scale is broader than its tapering
apex. The nucleus is more or less centrally placed. The circuli are very fine and are more
densely packed in the basal region, the reason being that many of the basal circuli do not extend
to the lateral regions, and, some of those that do not continue, end at the lateral margins of the
scale. Among the rest, almost all the alternate ones stop with the lateral regions while others
extend to the apical region where they form thick ridges. These ridges from the two sides meet
in the median longitudinal line of the apical region, where the space between the circuli becomes
greater and greater as they are farther and farther away from the nucleus. The outermost
apical circuli, however, meet the apical margin. The nucleus and the apical circuli with wide
spaces in hetween, impart to the regular scale the appearance of a split onion (text-fig. 4, c).
The apical region is roughly marked out from the rest by the discontinuity of most of the circuli
of the lateral regions. No apical spines can be noticed. There are nine basal radii, spreading
fanwise and occupying the whole of the basal area. The outer radii are very short. The basal
margin of the scale is not entire but faintly scalloped.

%

)

Q

7
9 2
293
i
N/
N
WY

e

(e

O

i)

iz
it

P

il

il

TEXT-FIG. 5. A fossil and a present-day scales of the family Seri'anidae. a. Fossil scale (without number).
X Ca 41; b. Scale of Epinephelus corrallicola (C. & V.). xCa 50.

Remarks.—These scales resemble to a certain extent scales of Epinephelus morhua (C. & V.)
which are figured here for comparison (text-fig. 4, b6 & d). The distribution of this species
according to Weber and de Beaufort (1931, p. 44) is Bdtu, coast of Natal, Madagascar, Mauritius,
Red Sea, mouth of Persian Gulf, Muscat, Madras and Japan.

Material.—Specimen without number (text-fig. 5, a).

This is an irregular partly damaged scale; it is much longer than broad. The small, oval
nuclear area is more towards the apex. The circuli are more in number and very closely packed

5B
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in the basal region. Some of the basal circuli end at the latero-basal angles and some others
in the lateral regions. A few enter the apical region where they form raised oval mounts.
There are three basal radii, two of which start from the nuclear area.

Remarks.—This scale broadly resembles an irregular scale of Epinephelus Bloch. An
irregular scale of E. corrallicola (C. & V.) is figured for comparison (text-fig. 5, ). This marine
species is widely distributed in the Indo-Pacific region but it ascends into fresh waters also.

Family Kyphosidae.
Genus Kyphosus Lacep.

Material.—Specimen No. K.39/567, No. 42 (Pl III, fig. 1; text-fig. 6, a).

This is an irregular scale much broader than long; the latero-basal angles are well marked.
The nucleus is near the apex and a number of circuli meet in front of the nucleus, forming the
split onion pattern. A few of the circuli, as is usual in such cases, stop at the latero-basal

TexT-¥16. 6. A fossil and a present-day scales of the family Kyphosidae. a. Fossil scale (K.39/567, No. 42).
X 26; b. Scale of Kyphosus cinerascens (Forsk.). xCa 39.

angles and some end with the lateral region. A certain number of circuli enter the apical
region and form thick ridges. Besides, there are three rows of apical teeth in the form of short
cones, occupying a portion of the apical region. There are eight basal radii spreading from
near the nucleus. They do not spread beyond the latero-basal angles.

Remarks.—This scale has some general resemblance to an irregular scale of Kyphosus
Lacép. An irregular scale of K. cinerascens (Forsk.) (text-fig. 6, b) is figured here for com-
parison. According to Weber and de Beaufort (1936, p. 226) this species is found in the Red
Sea, Zanzibar, Bourbon, Mauritius, Madagascar, British India, Ceylon and the Andamans.

Family Nandidae.
Sub-family NANDINAE.
Genus Nandus.

Material.—Specimen No. K.39/565, Nos. 6 and 25 (text-fig. 7, a & b).

Specimen No. K.39/565, No. 6 (text-fig. 7, @) may be considered as a degenerate S(.:ale
since it has a structureless portion in the centre, and the other specimen (text-fig. 7, b) is a
regular scale. The degenerate scale is slightly longer than broad. Though the nuclear portion
of the scale is degenerated, it is clear that a nucleus was located slightly in advance of the
centre of the scale. A few of the innermost circuli meet in front of the nuclear area, while the
remaining ones terminate at the inner margin of the apical area. All these structures together
constitute the split onion pattern. The circuli are numerous in the basal region where they are
very closely packed but all of them do not extend to the lateral regions. While some of the
outer circuli meet, the lateral margins, a few of the others terminate a short distance before
reaching the apical region, so that the comparatively few circuli that reach the apical area are
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widely spaced. There are sixteen basal radii; those in the middle start from the nuclear area
while the outer ones do not reach it. The regular scale, on the other hand, is slightly broader

TexT-r16. 7. Two fossil and one present-day scales of the family Nandidae. a. Fossil scale (K.39/565,
No. 6). x10; b. Fossil scale (K. 39/565, No. 25). X 24; c. Scale of Nandus nandus (Ham.). x8.

than it is long and contains a smaller number of basal radii. It has a nucleus but the spinous
portion of the scale is unfortunately not preserved.

Remarks.—In general form and structure, both the scales resemble those of Nandidae.
A scale of Nandus nandus (Ham.) (text-fig. 7, c) is figured for comparison. The fossil remains
of this family were described for the first time by Hora (1938, pp. 281, 282) from the Intertrappean
beds of Deothan and Kheri, Central Provinces. Nandus is found in the rivers and lakes of the
Great Sunda Islands and the fresh and brackish waters of British India, Burma, Tenasserim and
the Malay Peninsula.
Sub-family PRISTOLEPIDINAE.

Genus Badis Bleeker.

The three scales described below resemble those of the genus Badis Bleeker in the general
form and texture, and since they apparently differ from one another, they are treated separately.

Material.—Specimen No. K.39/565, No. 38 and K.39/567, No. 47 (Pl III, fig. 2; text-
fig. 8, a & ¢).

The specimen No. K.39/565, No. 38 (Pl. II1, fig. 2; text-fig. 8, @) is an irregular scale; its
greatest breadth is equal to its length. There is a more or less centrally placed nuclear area in
front of which a few of the inner circuli are continuous. The pattern is so irregular that it does
not resemble a split onion as a regular scale of Badis would. Almost all the basal circuli extend
to the lateral regions. Some of the lateral circuli meet the margin of the scale while some
enter the apical region and are modified to form apical elements. Only a few apical teeth can
be made out. There are five basal radii which start at a short distance from the nuclear area.
The basal margin is not entire but scalloped. This scale to a great extent resembles an irregular
scale of Badis Bleeker (text-fig. 8, b).

The specimen No. K.39/567, No. 47 (text-fig. 8, ¢) is a lateral-line scale and is broader than
long. A nucleus or a nuclear area cannot be.seen on account of the lateral-line canal. The
circuli are very fine and many in number, a few of which stop at the latero-basal angles. All
the lateral circuli end with the lateral regions. Sub-apical elements are greatly modified here,
and they are in the form of triangular teeth. There are twenty-six basal radii of which the
middle two are shorter, so that the basal margin is slightly invaginated in the middle. The
radii start farther and farther away from the centre of the scale according to their respective
distance away from the middle.

A lateral-line scale of Badis (text-fig. 8, d) is figured here for comparison.
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Material.—Specimen No. K.39/567, No. 46 (PL III, fig. 8; text-fig. 9, a).

This is an irregular scale which is as long as broad; it has a scalloped basal margin with well
marked latero-basal angles, and an almost rounded apical margin. There is a nuclear area in
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TEXT-FIG. 8. Two fossil and two present-day seales of the family Nandidae. a. Fossil scale (K.39/565,
No. 38). x26; b. An irregular scale of Badis badis (Ham.). xCa 30; c. Fossil scale (K.39/567,
No. 47). % 5. d. Lateral-line scale of Badis badis (Ham.). X Ca 29.

the centre of the scale. Some of the basal circuli stop short at the latero-basal angles and hence
the circuli in the lateral regions are more sparsely distributed. Most of the lateral circuli end
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One fossil end one present-dey scales of the family Nandidee. . Fossil scale (K.39/567,
No. 46). x9; b. An irregular scale of Badis badis (Ham.). xCa 25.

with the lateral regions, but some of them enter the apical region and get modified into thick
ridges. The outermost ones meet the margin of the scale, while the inner ones are continuous
in front of the nuclear area, all of which together constitute the split onion pattern. There are
thirteen basal radii, the outer ones of which are very short and the inner ones start at short
distances from the nuclear area. The whole of the basal margin is occupied by the radii.
Though the fossil scale is much bigger, it agrees in general characters with an irregular

scale of the Badis type which is figured for comparison (text-fig. 9, b).

TEXT-F1G. 9.
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Family Sciaenidae.
Genus Ofolithes (Cuvier) Oken.
Material. —Specimen No. K.39/565, Nos. 10, 19 and 24 (PL. III, fig. 7; text-fig. 10, @, b & ¢).
All the three specimens broadly resemble the scales of the genus Otolithes (Cuvier) Oken.
Though the specimens are badly damaged, fortunately most of the essential characters by which
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TEXT-FI1G. 10.—Three fossil and one present-day scales of the family Sciaenidae. a. Fossil secale (K.39/565
No. 10). XCa 17; b. Fossil scale (K 39/565, No. 19). xCa 25; c. Fossil scale (K.39/565, No. 24).

% 18; d. An irregular scale of Otolithes maculatus (C. & V.). xCa 70. ‘
they can be identified are preserved. Tn some of the scales, the base is broad, while the portion
beyond the middle of the scale slightly tapers towards the apex. On account of this, the scale
appears to be longer than broad, though in reality the greatest width of the scale is equal to its
length. Latero-basal angles are present. The nucleus is in advance of the centre of the scale
and is surrounded by concentric circuli, the interspaces of which are broader between the
nucleus and the apex. This is caused by some of the lateral circuli stopping short with the

lateral region. Few of the modified subapical elements can be seen scattered here and there
The circuli are more in number and denser in the basal region. There

in the apical region.
are from six to twelve radii which start at a short distance from the nucleus and occupy the

whole of the region.

) Otolithes (Cuvier) Oken is distributed in the whole of the Indo-Pacific region, reaching to
China and Japan, living id sea and brackish water. Some species are found in the mouth of
rivers, and a few ascend into fresh waters above tidal reach.

Family Pseudochromides.
Genus Opisthognathus Cuvier.

Material.—Specimen No. K.39/565, No. 1 (P\. III, fig. 6; text-fig. 11, a).
This is a regular scale with a sub-apical nucleus around which the fine circuli are arranged;

it is 1} times longer than broad. As the lateral regions are very narrow, the circuli are more
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closely packed in these regions though a number of basal circuli are not continuous.

131

Many of

the basal circuli meet the lateral margins near the base and a few others stop short in their

TExT-FI1G. 11.

(K.39/565, No. 1).

One fossil and one present-day scales of the family Pseudochromides.
X Ca 22; b. Scale of Opisthognathus nigromarginatus Riipp.

a. Fosgsil scale
x Ca 58.

course in the lateral regions. An apical area is not differentiated from the rest of the scale.

There are nine basal radii starting near the nucleus and spreading fanwise.

to a small extent, are encroached by a few outer basal radii.

_ Remarks.—This scale resembles to some extent the scales of Opisthognathus Cuvier, one of
which is figured for comparison (text-fig. 11, b). These fishes are distributed in the Red Sea
and the seas of India, the Malay Archipelago and beyond.

Observations on the Ecological Conditions of the Beds and Geological Age of the Material.
From the stratigraphical and ecological points of view the above results may be summarised

as follows:—

The lateral regions,

Name of Genus,

Strata from which
previously recorded.

Present-day Habitat.

Present-day Distribution.

Atherina (Artedi)
Linn.

Lower Eocene to Recent.

Coastal fishes, some entering
rivers.

Widely distributed in tropi-
cal and sub-tropical seas.

Polyacanthus (K.
&V.H.)C.&V.

Intertrappean beds  at
Deothan and Kheri and
Lower Tertiary of
Sumatra to recent.

Maritime genus which fre-
quents fresh water and
estuaries along the coast,
but is usually not found far
inland.

South-eastern Asia, Tropical
and South Africa.

Epinephelus Bloch

Eocene to recent.

Marine, some occurring in
fresh water.

Widely distributed in tropi-
cal and warm seas.

Kyphosus Lacép Recent; no fossils pre- | Marine: Shore fishes. Indian, Pacific, Atlantic.
viously recorded.
Nandus Cuv. & Val.| Intertrappesn beds  of | Fresh and slightly brackish { India and Burma, Great

Deothan and Kheri to
recent.

waters,

Sunda Islands and Malay
Peninsula. -

Otolithes (Cuvier)
Oken.

Paleocene to recent.

Marine, brackish water and
some even ascending into
fresh water above tidal
reach.

Indo-Pacific reaching to
China and Japan.

Badis Bleeker

Recent; no fossils previously
recorded.

Fresh and slightly brackish
waters.

India and Burma.

Opisthognathus
Cuvier,

Recent ; no fossils previously
recorded.

Marine.

Red Sea, seas of India, Malay
Archipslago and beyond.
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A perusal of the table shows that among the eight genera represented in the collection,
there is a heterogenous assemblage of closely related recent forms, mostly belonging to the
order Percomorphi.

The fishes of the genera Atherina, Nandus and Badis are generally maritime in distribution,
and though mainly found in fresh waters are capable of withstanding a certain amount of salinity.
The two purely marine genera Kyphosus and Opisthognathus represent widely distributed
forms which frequent coastal waters and sometimes enters lagoons and estuaries. Of the
remaining genera, Polyacanthus is definitely maritime in its distribution and is usually not
found very far inland, while Zpinephelus and Otolithes are large marine fishes which enter
brackish, or even fresh waters, for predatory purposes. It would thus seem that the area of
the Kandana beds must have at one time been covered by brackish water with access to sea on
the one hand and fresh waters on the other. Such a combination of freshwater and marine
species is at present found in estuaries, backwaters, lagoons, etc. and it is, therefore, presumed
that the Kandana beds must have been formed in similar situations.

Mr. Gee has made the following observations on the ecology of the beds:—

‘The examination of the fish-scales shows that they belong to genera represented at the present
day by species which are adapted some to fresh water and others to brackish water and marine conditions.
The Murree-Siwalik sequence of the Punjab has been deposited in wide open river-valleys and lakes.
Not far south-west of the area under discussion, in the Trans-Indus hills, the Murrees are missing and the
Kamlials thin and disappear southwards. This area was, apparently, relatively high ground above the
level of sedimentary deposition during Murree and early Siwalik times. TUnfortunately, no exposures
oceur in the area lying south of the western half of the Salt Range; for many miles the tract is covered
by recent alluvium deposited by the Jhelum and Indus rivers. Further south in Baluchistan and Sind,
the equivalent, Middle Tertiary strata are marine and indicate that an arm of the sea stretched northwards
up what is now the Indus Valley area. The evidence of the fish scales suggests that, from this marine
gulf, a wide open river valley continued northwards into the Salt Range area, and that even as far north
as that tract the water may have been brackish and contaminated by saline incursions at intervals.’

As regards the age of these beds, it is almost certain that they could not be older than the
Tertiaries as none of the genera found dates beyond that period. Of the eight genera, the fossil
history of three was hitherto unknown, while the others date from the dawn of the Tertiary period
to the recent times. Mr. Gee has very kindly given the following note about the stratigraphy
of these beds:—

‘Regarding the stratigraphical horizon from which the fish-scales of Kandana have been collected,
we can say with a fair degree of certainty that the beds in question form a part of the lower Nimadric
system. Whether they belong to the Kamlial stage of the basal Siwaliks (as defined by E. S. Pinfold in
the northern part of the Potwar) or whether they are Upper Murree in age is, however, at present debatable.
Both of the above stages belong to the Miocene.’

‘The exposures of the Kandana area are, unfortunately, not connected with the main Nimadric
outerops of the northern slopes of the Salt Range. The Kandana outcrops include a few hundred feet of
massive grey-green and brownish sandstones with pseudo-conglomerates and occasional bands of clay
usually blue-grey in colour. They overlie the Laki (Sakesar) limestones and are themselves overlain by
Pleistocene sand-rocks, silts and conglomerates. The Upper beds of the Laki limestone stage often show
evidence of weathering and a basal conglomerate composed of Eocene limestone pebbles sometimes
occurs at the junction with the fossiliferous Nimadric beds under discussion. This junction, therefore,
represents a time interval embracing the upper-half of the Eocene, the Oligocene and probably the lower
half of the Miocens.’
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Fia. 1A Kyphosid seale (IK.39/567, No. 42).  x20.

Fie. 2.— A Nandid scale (K.39/565, No. 38) allied to that of Badis Bleeker., X 20.

F1g. 3.——A Labyrinthid scale (K.39/3635, No. 34) allied to that of Polyacanthus C.V. Xx20.

Fic. 4.—A Percomorphid scale (K.39/565, No. 23) allied to that of Epinephkelus Bloch. x20.

F1e¢. 5.—An Atherinid scale (K.39/565, No. 2),  x 30,

Fic. 6. A Pseudochromides scale (K.39/565, No. 1) allied to that of Opisthognathus Cuvier. X 20,
F16. 7.—A Sciaenid scale (K.39/563, No. 10) allied to that of Otolithes (Cuvier) Oken. X 13.

Fi1e. 8.—A Nandid scale (K.39/367, No. 46) allied to that of Badis Bleeker. x12.



