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RECORDS

OF THE

GEOLOGICAL SURVEY OF INDIA.

Part 2.] 1878. [ May.

O~ THE GEOLOGY OF SIND, (sEcoND Notick,) by W. T. Braxrorp, A.R.S. M,
F.R. 8., Geologtcal Survey of India.

Introduction.—A brief account of the Geology of Sind, so far as the structure
of the country had been ascertained by one short season’s work, was given in the
Records of the Geological Survey for 1876.! Two whole seasons, 1875-76 and
1876-77, have since been devoted by Mr. Fedden, and one season and part of a
second by myself to the geological examination of the province, and, as might
have been expected, several additions of more or less importance have been made
to our previous knowledge, whilst in a few cases it has been found that our first
conclusions were incorrect. As before, Mr. Fedden’s notes are combined with my
own, and I am indebted to my colleague for a large proportion of the observations
made. Mr. Fedden has also added much to our knowledge of the fossil fauna
by his collection and examination of the fossils, but the details must be deferred
for the present.

The sub-division of the tertiary series in Sind into Manchhar, G4j, Nari,
Khirthar and Ranikot groups holds good, although the boundaries between the
various sub-divisions have proved, in parts of the province, to be less distinct
than in the Khirthar range, and there is the same remarkable appearance, that
all the different tertiary formations are only of local value, and that all tend to
pass into each other at a comparatively short distance from eack typical section,
which has been already noticed by Mr. Medlicott in the corresponding for-
mations of the Punjab.? Some slight modification in the geological horizon

» . \~
1 Vol. IX, pp. 8-22.
2 Rec. G. S. L, IX. pp. 50, etc.
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attributed to the lower Manchhar beds has also been rendered probable, but ip
general there appears every reason for accepting the views put forward in the
former paper as to the correlation of the different tertiary groups in Sind,
It has, however, been found that, in the original classification, rocks were
included in the Ranikot group, which belong in fact to a much lower horizon,
and three small groups have been established beneath the lower tertiary sul-
division and referred to the cretaceous epoch.

Errors in previous paper.—Before proceeding to mnotice the additions since
made to the Geology of Sind, it will perhaps be best to call attention to a few
statements in the previous paper which further examination of the country has
proved to be untenable. The corrected general section will be found below,
but there are a few details requiring alteration, besides the entire re-arrangement.
of the beds included in the first notice in the Ranikot group.

The supposed unconformity between the G4j beds and the Nari group at
Tandra Rahim Khin, west of Sehwén,' appears doubtful. Further examination
of the junction between the two groups has failed to show any clear evidence
of unconformable overlap.

The basaltic lava flow? is now shown to be at the base of the Ranikot
group, and not intercalated, the beds below the volcanic rock being of different
age.

Another error is in the statement? that the Khirthar rocks compose several
ridges near the Habb river, the southernmost of which terminates at Cape Monze.
It is true that some ridges near the Habb consist of Khirthar rocks, and that
the ridge west of the river, not far from the mouth, is composed of that formation,
but the range terminating at Cape Monze proves on re-examination to be of G4j
beds resting on Nari. The mistake was due to the rocks having been first
examined before the different sub-divisions of the Sind territories had been
made out.

General section of rocks in Sind.—The following is the general section of the
Sind rocks as corrected, the thickness of each group being estimated, as usual,
where the beds are best developed. Very nearly, if not quite the full dimensions
given, from the base of the lower Khirthar to the top of the Manchhars, are,
however, exposed on the Gaj river, where, below the beds classed as lower Khir-
thars, nearly 4,000 feet of shales and limestones are seen, which probably belong
to cretaceous formations :—*

) Rec. G. 8. 1., p. 16.

? L., p. 22.

3le,p 13.

¢ In some brief notes published in the Proceedings of the Asiatic Society of Bengal for
January 1878, pp. 4, 6, all these beds were classed as lower Khirthars, and the thickness of the
group estimated at 10,000 feet, but subsequent study of Dr. Cook’s descriptions of the Kelat
rocks bas shown that the unfossiliferous lower beds in the Gdj section may, like some very
similar rocks south of Kelat, be really cretaceous.
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Name. Bub-divisions, Aaﬂt‘m{n.:“ Summum.oologicu ReMArks,
1. Alluvial, &e. ... e Unknown -. | Recent and post-ter-
tiary.
Upper . | 5,000 ... | Pliocene Apparugft.lyhmprewnt-
ative of the Siwaliks
2. Manchhar proper.
Lower .. | 3,000 to 5,000 | Lower pliocene or
upper miocene.
3. Gdj : 1,000 to 1,500 | Mieccne.
Upper «. | 4,000 to 6,000 | Lower miocene?
4. Narni -
Lower 100 to 1,500 | Upper cocene.
Upper 500 to 3,000 | Eocene <. | Nummulitic limestone.
5. Khirthar
Lower . 16,0007 ... | Ditto.
6. Ranikot R 2,000 ... | Lower eocene.
7. Trap S 40 to 90 ... | Upper cretaceons... | Representative of Dec-
can and Malwa trap.
( Cardita Beau-
monti bedas 350 to 450 ]l
8. Cretaceons s |{ Sandstones..- 700 l} Cretaceous ...| A bed of trap inter-
I { stratified with the
Hippuritic | sandstone.
L limestone ... 320 J Base of lower group
not exposed.

Cretaceous beds.—The only part of Sind in which rocks of pre-tertiary age
are known to exist is in the range of hills running south from Sehwén. Various
portions of this range are kmown by local terms, such as Dharan, Tiyin, Eri,
Surjéna, &c., but amongst the people of the country there is no name for the
range as a whole. By Europeans the northern portion is sometimes called the
Laki range, from the town of Laki, near the northern extremity, and for want of
a better name this may be accepted. The old fortress of Ranikot is in this range.

The Ranikot beds themselves, it may be mentioned, as was already pointed
out in the previous paper, extend over a considerable area to the east of the
Laki range, and southward as far as Tatta. They are, however, not exposed
anywhere in Upper Sind. The area of the beds beneath the Ranikot group
extends northwards from the fortress of Ranikot to within four or five miles of
Laki, a distance of about 22 miles. The outcrop, however, is not quite conti-
nuous, for the trap and underlying beds are covered up in places by the Ranikot
group. The Hippuritic limestone, the lowest rock kmown to occur, is only
exposed in a single locality. The range is very difficult of access, and there 1s a
permanent supply of sweet water at only one spot, the fortress of Ranikot.

The spot where the Hippuritic limestone is exposed isat a place called Barrah,
about 15 miles north of Ranikot. The range here consists of three parallel
ridges. The eastern of these faces the plain sloping to the Indus, and consists of
vertical or nearly vertical Khirthar limestone, on which, to the eastward,
Manchhar beds rest unconformably. To the westward, Ranikot beds come in below
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the Khirthar limestone, but have a reversed dip to the westward ; then there is 5
fanlt with a considerable upthrow to the west, and, west of this, the cretaceous
beds come in with a low western dip. They are exposed in a high scarp and
form the second or intermediate ridge. From this point there is a gradually
ascending section to the westward, the soft upper cretaceous and Ranikot beds
cropping out in the valley between the intermediate ridge and the western or
main range, which is formed of Khirthar or nummulitic limestone.

The lowest beds seen are a hard compact white limestone, white or grey in
colour, pure below, but becoming gritty above. No nummulites occur: fossils
abound, but are only seen in section, and they weather out so badly that only one
fairly recognizable specimen has been obtained. This specimen, however, is of
1mportance, as it appears to be a portion of a Hippurite, one of the most charac-
teristic of cretaceous fossils. : .

The peculiar interest attaching to the discovery of this fossil, if the identifi-
cation be correct, is due to the circumstance that the principal cretaceous
formation in Persia is a limestone containing Hippurites, and that this limestone
has been found extending over a large tract of country from Lake Urumiah in
north-western Persia to south-east of Karmdn. This last locality, however, is
about 700 miles from the spot where cretaceous rocks are found in Sind, and the
Hippuritic limestone has not hitherto been recognized in Baluchistan, where,
however, cretaceous rocks are certainly present. The bed in Sind differs much
from the characteristic form of the Persian rock, but the latter is of great thick-
ness; some 8,000 feet at least, in the neighbourhood of Karmin, apparently
belonging to the formation, and it includes many beds varying in mineral
character.

The gritty limestones on the top of the white Hippuritic limestone pass
upwards into a group of dark-coloured sandstones of considerable thickness, and
forming the intermediate ridge of hills already mentioned. The dark colour of
the beds makes these hills conspicuous from a distance, and enables them to be
distinguished at once from the two whitish limestone ranges to the east and west.
The sandstones are usually coarse, sometimes conglomeratic and often calcareous,
the prevalent colour is dark-brown or purple, and many beds are highly ferrugi-
nous, a few bands of dark-red shale, containing much iron, being interstratified. On
the top of the sandstones is a thick bed of dark-coloured impure limestone con-
taining oyster shells and some other fossils, amongst which are some large bones,
apparently of reptiles, but all hitherto found were too imperfect for identification.

In one place a bed of basalt about 40 feet thick was observed by Mr. Fedden
interstratified in the sandstones, and it is probable that this band may exist else-
where, although it has been overlooked. The position of this bed of trap is about
300 or 400 feet above the top of the Hippuritic limestone, and about twice that
distance below the main band of basalt at the base of the Ranikot group.

The highest sub-division of the cretaceous rocks consists of olive shales and
sandstones, for the most part soft and fine-grained, but occasionally hard and
calcareous. The beds of sandstone have very frequently an ‘““ashy” appearance,
as if they contained decomposed grains ot basalt or some similar volcanic rock,
or fine volcanic lapilli, or they may be an admixture of the products of submarie
volcanic outbursts with ordinary sediments. Gypsum is of comnion occurrence
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in the shales. These olive shales and sandstones are highly fossiliferons, the most
common and conspicuous fossils being Cardita beawmonti, the affinities of which
are shewn by D’Archiac and Haime to be with a cretaceous form, and a Naufilus,
which Mr. Fedden has, I believe correctly, identified with N. bouchardianua, a
Gault species in Europe, but found in the upper cretaceous beds (Arialir) of
Southern India. Another species of Nautilus also is allied to some cretaceons
types. The first named; species may be N. labeckei of D’Archiac and Haime,
from which it only differs in the siphuncle being median instead of interior,
but this character sometimes varies with age in Nautili. Amongst the other
fossils occurring is a species of Epiaster, a genus of Echinoderms almost confined
to upper cretaceous beds. The only form in the olive shales hitherto identified as
common to the Ranikot group is Corbula harpa. Besides the above, species of
Cidaris and of anEchinoderm allied to Pygorhynchus, Rostellaria, Cyprea, Natica,
Turritella, Cardium and Ostrea occur, with two species of Corals. A few imper-
fect Reptilian vertebre have been determined by Mr. Lydekker as belonging to an
Amphicalian Crocodilian with distinctly mesozoic affinities.

All the eretaceous beds abovementioned appear to be perfectly conformable
to each other and to the overlying trap. It is premature to attempt correlation
of these cretaceous rocks, but it may be remarked, that some peculiar olive
shales, which underlie the nummulitic limestone of the Salt Range in the Panjab
conformably, and which have been classed by Dr. Waagen as probably of creta-
ceous age, may represent the very similar beds in Sind.

Deccan trap.—Besides the bed of trap just noticed as occurring interstratified
with the cretaceous sandstones, the basalt first observed at Ranikot in 1863}
and subsequently found further north at Jakhmari and other places,® has now
been traced throughout the whole distance, upwards of 20 miles, between
Jakhmari and Ranikot, wherever the base of the Ranikot beds is exposed. The
thickness of the trap varies from about 40 to about 90 feet, the average being
60 or 70. The only rock is basalt, of which, in places, there appear to be two
flows similar in mineral character; the upper portion of each flow is amyg-
daloidal.

In the previous paper on Sind Geology, it was stated® that the relations of
the trap were obscure, and although this was corrected in a postscript* so far,
that the interstratification of the trap flow was said to have been clearly ascer-
tained, the most important point, the probable relation of the voleanic rock in
question to the great Deccan and Malwa trap series, was left undetermined. The
interest of this question and the possibility that the basalt seen for a few feet only
in the bed of the stream at Ranikot might be a representative of the Deccan
trap, were naturally mentioned in the first notice of the occurrence.® The trap
geries, it may be remembered, has been traced from the Deccan and Malwa
throughout Kattywar and Cutch, to within about 150 miles of Ranikot, so that

1 Mem. G. S. 1, V], p. 5.

? Ree. G. 8. 1,, IX, pp. 11, 22.
3 Ib., p. 11

i+ I, p. 22.

 Mem. G. S, T, VI e 12
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the representation of this great volcanic formation in Sind is far from improbable.
The question as to whether the Ranikot trap belongs to the Deccan series may
now be answered in the affirmative. There is conclusive evidence that this rock
is interstratified and not intrusive, for it occupies precisely the same position
above the highest Cardita beawmonts beds, and below the base of the Ranikot
group, for over 20 miles, and appears to be conformable with both, whilst not a
single vertical dyke has been noticed in the country. The mineral character of
the basalt is precisely that of a very common form of the Deccan trap, whilst two
mineral peculiarities—the occurrence of amygdala, surrounded by green earth,
and of cavities containing quartz crystals, with trihedral terminations—are both
characteristic of the trap rocks of Western India. The geological position also
at the base of the tertiary series corresponds with that of the trap series in Cutch
and Guzerat.

It is clear, however, that the thin flows of basalt in Sind can only represent
a portion of the great Deccan trap period, and the lower band in the cretaceous
sandstones indicates that all the upper cretaceous beds between the two trap flows
were, in all probability, contemporaneous in origin with the Deccan trap series.
If now the age of the Cardita beauwmonti beds has been rightly determined as upper
cretaceous, the identification of the Sind representative beds confirms the views
previously held by myself, but by no means generally accepted by my colleagues,?
as to the cretaceous age of the lower portion, at all events, of the Deccan trap
series.

Ranikot group.—It was mentioned in a postscript to the previous paper in
the Records? that the highly fossiliferous brown limestones seen north-west of
Kotri and near Jhirak (Jhirk or Jerruck) and Tatta must be classed with the
Ranikot group, and not with the Khirthar. A list of fossils obtained from these
brown limestones was given,® but from this list two species must be removed,
viz., Cardita beaumontt and Nautilus labechei, the species thus identified (the
identification is doubtful in the case of the Nautilus) being from the olive shales
now classed as cretaceous. It was also noticed in the postscript that south of
Ranikot there is distinct unconformity between the Khirthar limestone and the
Ranikot group, the upper members of the latter being deficient in the Laki range,
and there being at one place evidence of the lower group having been slightly
disturbed and denuded before the deposition of the Khirthar limestone. The
break between these two formations is, however, probably not indicative of
any great interval in time, for several of the Ranikot fossils pass upwards into

! Oldham: Rec. G.S. 1, IV, p. 77; Wynne: Mem. G.S. I, IX, p. 48. I have lately had
occasion to go over sll the evidence again when writing a chapter on the Deccan traps for the
Manual of Indian Geology, and it appears to me that the arguments in favour of considering the
traps tertiary are weaker than I at first supposed. Only one fact of any importance, so far as I know,
has ever been adduced : the supposed identification of certain freshwater shells in the intertrappean
beds of the Deccan with forms found in the lower eocene plastic clay of Belgium. Apart from the
question, a very important one, whether freshwater shells afford trustworthy ecvidence of age, 1
greatly doubt the validity of the identification.

2 Vol. IX, p. 21.

oe, pe 14
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the Khirthar beds. In some cases, it is true, there does appear to be a change of
species: thus FKurhodin morrisi, a common Ranikot echinoderm, appears to be
represented by E. calderi in the Khirthar beds, but still there is much evidence
of transition, for the lowest Khirthars near Jhirk and Tatta have much the
character of the Ranikot limestones, and there is a gradual passage from the one
to the other; so much so indeed, that Mr. Fedden has found it difficalt to the
southward to determine any exact limit between the two, and to map their
boundaries.

All the lower portion of the Ranikot group consists of soft sandstones and
shales, much variegated in colour. The only fossils found are land plants; many
of the shales are pyritous, and gypsum is of frequent occurrence. It appears
highly probable that these beds are of fluviatile origin, and their occurrence
immediately above the trap may indicate that the latter was of subaérial formation
in Sind, as elsewhere.

CRETACEOUS AND LOWER TERTIARY BEDS OF BALUCHISTAN.

In 1875, from the top of the Khirthar range in upper Sind, lower beds were
seen cropping out west of the British frontier from beneath the Khirthar lime-
stone. At that time, owing to political complications, there was a difficulty in
visiting any part of Baluchistan; but in 1876-77, this difficulty having been
removed, I was enabled to examine the sections on the upper Gij, the only river
which actually cuts through the Khirthar range. The beds beneath the Khirthar
limestone at this spot proved to be utterly different from those seen in the same
relative position in the Laki range. The following is a rough section of the beds
on the upper Gaj, with their approximate thickness by estimate :—

1. Massive nummulitic limestone forming the crest of the Khirthar

range 1,200
2. Bhales, marls, and clnys, mostly dark olwe in colour tmd abound-
KHIRTHAR ... ing in Nummaulites 500
3. Hard grey limestone with Nummaulites ... 60
4. Argillaceous limestone, shales, and clays, olive and blulsh grey in
colour, abounding in Nummulites 400
5. Unfossiliferous olive and bluish grey clays and nodular shales,
( no limestone bands . 1,600
6. Pale-brown sandstones in thick beds, mth traces of vegetables 1,000
7. Fine greenish white sandstone and shale, some of whlch is carbo-
Lower KHIR- naceous . . 500
THAR. 4 8. Dark-brown llmestone and dark g'reen arglllnceous beds, wnth
Nummulites ... 100
9. Pale-grey argillaceous lnnestone, with but few fossx]s One bnnd
towards the base contains Nummulites and Alveolina . 200
10. Fine dark-coloured shales, unfossiliferous e 3,000
11. Very fine grained homogeneous thin-bedded llmestone, white, red,
grey or ochrey in colour, unfossiliferous, forming a conspicu-
? CRETACEOUS ous range of hills - 1,200
12. Hard grey shales, with calcareous bands. from an mch or two to
a foot in thickness 2,500

12,160
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Not a single bed below the Khirthar limestone (No. 1) can be recognized ax
identical with any of the formations in the Laki range, although the distance
between the two localities is only about 90 miles. In the upper G4j section
there are no fossiliferous brown limestones, no trap, no olive shales with Curdiiq
beaumontt, no dark ferruginous sandstones nor hippuritic hmestone. The sand.
stones Nos. 6 and 7 may represent the lower Ranikot beds, but the resemblance
is not great, and there is no paleeontological connexion between the two.

The examination of the section was hurried, and it is far from improbable.
that some fossiliferous bands may have been overlooked, but no distinet break in
the sequence was detected ; perhaps for want of palmontological evidence. The
division between upper and lower Khirthar, and between the latter and the
supposed cretaceous beds, is arbitrary; the limestones No. 8 contain the same
species of Nummaulites as Nos. 2, 3, and 4, and no fossils were found below No. 9.
The sole reason for distinguishing the 6,000 feet of beds, from No. 5 to No. 10
inclusive, as lower Khirthars, is that, as the nummulitic limestone No. 1 ig
the same bed at the G4j as in the Laki range, some of these lower beds must
represent the Ranikot group. At first it was supposed that all the lower beds
on the upper G4j section were tertiary, and the lower Khirthar beds were esti-
mated to have a thickness of 10,000 feet, but on subsequently reading more
carefully Dr. Cook’s account of the geology of Kelat,! and Dr. Carter’s notes
on Dr. Cook’s discoveries,® it appeared to me that the peculiar fine-grained
banded limestones No. 11 must be the same as some red and white limestones
extensively developed at no great distance to the north-west. These red and
white limestones pass down into some argillaceous beds (perhaps the same as
No. 12 of the above section), in which Dr. Cook found Ammonites, and he con-
sequently classed both rocks as mesozoic.

It is probable that the beds below the Khirthar limestone occupy a large
tract in Baluchistan to the west of the Khirthar range, for similar beds are seen
to the westward from the crest of the hills as far north as Darhyiro. Again,
west of the Habb river, forming the western boundary of lower Sind, the whole
Khirthar formation appears composed of shales, marls, and sandstones, closely
resembling the lower Khirthar beds of the upper (4] section, and an enormous
mass of similar beds is found to the westward in Makran® A peculiar banded
red and white limestone, so closely resembling that on the upper Gij that these
two are probably identical, forms a small hill at Gaddni on the sea-coast, about
25 miles north-west of Karichi.

Khirthar group.—The nummulitic limestone of the Khirthar and other
ranges in Sind varies much in thickness, and the original estimate of 3,000 feet
may have been excessive, though it is doubtful whether it is too high in the
northern part of the Khirthar range, where the limestone must be very thick.
At the G4j, as we have seen, this bed does not exceed 1,000 or 1,200 feet in thick-

1 Bom. Med. & Phys. Soc. Trans. November 1860. I am indebted to Dr. Cook for a copy
of this interesting paper,

2 Jour. Bom. Br. Roy. As. Soc., VI, p. 184,

4 Eastern Persia, 11, pp. 460, 473.
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ness, and farther south it diminishes &till further. Tn the Laki range itis prob-
ably not more than 500 or 600 feet, and towards Jungshahi and Tatta it is
perhaps even less. Here it rests upon Ranikot beds. But to the westward in
the Habb valley the Khirthar limestone disappears entirely, and it appears to
thin out within the space of a very few miles. The Khirthar range is composed
of the limestone throughout, and terminates to the sonthward inside the province,
near a police post called Karchdt, about 50 miles routh by a little west from
Sehwan. The southern extremity of the range, like several other ridges, is an
anticlinal, so that the thickness of the limestone is not secn, but it must be con-
siderable, and can scarcely be less than 500 or 600 feet. About 8 miles west of
the Khirthar, the top of the ordinary limestone is scen underlying Nari beds,
but in the next low ridge to the westward, only about 4 miles farther, the Khir-
thars are brought up by a fault, and the typical pale-coloured limestone is found
to be completely wanting, and replaced by dark-coloured grey limestones con-
taining Fchinodermata and Nummaulites, and interstratified with shales and sand-
stones precisely like those of the Nari group. A few miles farther west, in the
Hamlig range, about 25 miles from the Khirthar, not a trace of the massive Khir-
thar limestone could be detected. The locality is beyond the Sind frontier, and the
examination was so brief, that some fault may have been overlooked, but at this
spot, and in some other localities further south, the Nari sandstones appeared to
pass downwards gradually into shales and sandstones, with some beds of marl
and dark-coloured argillaceous limestones, containing the typical Khirthar num-
mulites, N. granulosa and N. obtusa, &c. These beds precisely resemble some of
the beds below the Khirthar limestone on the upper G4j. The brown and yellow
Nari limestones, too, are only faintly represented towards the base of the group
by thin bands containing Orbitordes papyraceus.

Nari group.—No alteration is necessary in the general description of this
group. Throughout the Khirthar range, the whole upper portion, 4,000 or 5,000
feet thick, consists of sandstones, with a few scattered beds of shale or conglome-
rate, and destitute of fossils, with the exception of a few vegetable markings,
too imperfect for recognition. The lower sub-division of the group varies in
thickness from 100 or 200 feet to as much.as 1,500, and consists of shales and
thin bands of sandstone, with brown and yellow limestones; the latter chiefly
developed towards the base, and containing Nummulites garansensis, N. sublevi-
gata, and Orbitoides papyraceus (or fortist).

It has already been mentigned that in the Habb valley, in south-western
Sind, there is a gradual passage from the upper Khirthar into the Nari beds,
and there is in the same area an equally evident tendency to a passage between
the Nari and G4j groups. The Nari group in the Habb valley is probably as
thick as in the Khirthar range; but although the prevailing rocks are still sand-
stones, brown limestones with Orbitoides papyraceus are found in the middle of the
group, instead of being confined to the lower portion, whilst the typical limestone
bands at the base of the group appear to be ill developed. Now, Mr. Fedden
noticed some time since that bands of limestone, with apparently the same
Orbitoides, are found in the G4j group; and in the upper part of the Nari group
bands of marine fossils occur, containing G4j species, such as Ostrea multicostata

B
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aud Pecten subcorneus. The boundary between the two groups is consequently,
some extent, arbitrary. T

On the other hand, Mr. Fedden has observed at one spot on the west side
of the Laki range, a few miles from the northern extremity of the range near
Sehwan, distinct unconformity between the upper and lower Nari groups, the
sandstones forming the higher portion of the group resting upon the denuded
edges of the brown limestones composing the lower sub-division. Thisis an
excellent example of the manner in which the sub-divisions of the tertiary series
change, the groups of one locality passing into each other, and new breaks oc-
curring. It should be remembered that the Nari beds are entirely wanting east
of the Laki range, and Manchhars, with, in places, a thin representative of the
G4j beds at their base, rest unconformably on Khirthars.

Gdj group.—There is but little to add to the general description of this
group also. A measured section of the beds on the G4j river, where they are
especially exposed, shows that the whole thickness of the group is but little less
than 1,500 feet at that spot. To the northward the thickness of the G4j beds
must be less, and it is probably smaller in lower Sind also. On the G4j the
greater part of the whole thickness consists of sandy shales and clays, with
gypsum, the hard limestone beds, though far more conspicuous, being only
subordinate. In the Habb valley however, where the Gaj beds form exten-
give plateaus, surrounded by scarps in which the rocks of the group are well
exposed, the mass of the G4j strata appears to consist of limestone, and the
boundary between them and the Nari, with which, as has just been noticed,
bands containing G4j fossils are interstratified, has been drawn at the base of the
limestones. At one spot, a thickness of 500 feet, entirely composed of limestone,
was measured (by aneroid) at the base of the group, and this thickness seems
to include the greater portion of the G4j strata in this locality.

It has already been mentioned that the supposed unconformity between the
G4j and Nari groups west of Sehwin at Tandra Rahim Khén proves, on further
examination, to be doubtful. But the Gaj group in the country south of Sehwin
completely overlaps the Nari in places, and rests upon Khirthar beds. In this
country, however, the G4j itself is but poorly represented, and frequently is
either entirely wanting, or appears as merely a thin band at the base of the
Manchhar group.

The passage from Gaj to Manchhar, despite the unconformity shown by over-
lap, and the presence of Géj pebbles in Manchhar beds, is locally just as complete
as any of the other cases of transition already mentioned. In the paper pub-
lished in 1876, the transition beds containing estuarine shells in the Khirthar
range were mentioned. Some of the estuarine shells are by no means confined
to this belt; Corbula trigonalis, for instance, occurs in beds near the base of the
G4j group, and has also been found in one band in Manchhar rocks, about 300 or
400 feet above the top of the G4j. As will be shown presently, there is in
the neighbourhood of Karichi even stronger evidence of the close connection
between Manchhar and Gaj beds.

Although the number of G4j fossils have been somewhat increased, the
additions have been less extensive than in the case of many of the other groups.
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Amongst the most important additions are, Vicarya verneuili, found by Mr. Fedden
in some of the upper beds of the G4j section; a small crab, Typilobus granu-
losus, originally described by Dr. Stoliczka from Cutch,’ and several of the corals
described by Professor Martin Duncan in 1864. All tend to support the opinion
that the Gdj beds are miocene, and rather upper than lower miocene.

Manchhar group.—The additions to our knowledge of this group are of more
importance. Some of the most interesting have been already noticed in these
“ Records” and in the ‘ Paleontologia Indica” in the shape of descriptions by
Mr. Lydekker? of the mammalian remains obtained by Mr. Fedden and myself.
During the last season that 1 was engaged in Sind, Hira Lal, one of the native
assistants of the Survey, was attached to my camp, and he succeeded in finding
a considerable number of specimens, chiefly small fragments, but including
several teeth. Some Baluch shepherds also, living along the Laki range, were
induced to collect, and altogether, although the bones and teeth are rare, and
but few of those found are recognizable, sufficient material was collected to
enable a considerable number of species to be identified by Mr. Lydekker. The
comparison of these with the comparatively well known Siwalik fauna haa
shown a striking difference; most of the species being different, and the general
facies of the Manchhar fauna being much older. This distinction 1is, I think,
explained by the geology.

The possibility of a sub-division of the Manchhar group was noticed in 1876.3
Although it is very difficult to draw an absolute line of separation, there can
now be no doubt that the Manchhars may be divided, somewhat roughly it is
true, into an upper and a lower sub-group. The lower consists mainly of the
characteristic grey sandstone, with occasional red sandstones, and, towards the
base, brown or grey and red clays; the latter, however, are of small thickness
compared with similar beds in the upper sub-group. Conglomeratic bands are
common, and are frequently ossiferous, but they chiefly contain nodules of clay
and soft sandstone, and no nummulitic limestone pebbles have been detected in
them. It is from these beds that nearly all the mammalian fossils found in
the Khirthar range have been derived.

The upper sub-group, where it is best seen in the northern portion of the
Khirthar range, is thicker than the lower, and consists principally of beds of orange
and brown clay, with subordinate bands of sandstone and conglomerate. The
sandstones are usually light brown, but occasionally grey beds occur, like those
characteristic of the lower sub-division. The highest part of the formation
contains more sandstone and conglomerate, and the whole is capped by the massive
conglomerate, which forms the ridge extending along the edge of the Indus
alluvinm. These conglomerates of the upper Manchhars differ from those of
the lower by containing pebbles of nummulitic and G&j limestone. Bones
are rare, and only a few fragments, too imperfect for identification, have been
found.

1 Pal. Ind,, Ser. VII, p. 15, P. 111, figs. 3—5.

? Rec. G. 8.1, IX, pp. 91, 93, 106; X, pp. 76, 83, 225; XI, rp. 65, 76, 77, 79, &c.; Pal. Ind.,
Ser. X, pt. 2.

3 Rec. G. 8. 1, IX, p. 17.
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In lower Sind, whence a large proportion of the mammalian remains hayve
been procured, this sub-division of the Manchhars has not been traced; the
beds are poorly exposed, and it is by no means clear that in this ground, where
the lowest Manchhars rest unconformably on the Khirthars, the two sub-divisjong
can be distinguished by the presence or absence of nummulitic limestone pebbles.
Several of the fossil forms, however, are identical with those found in the lower
Manchhars to the northward, and there can be no reasonable doubt that the
fossiliferous beds are on the same horizon. That the Manchhar beds are pro-
bably much less developed in lower than in upper Sind is shown by the circum-
stance that the section of the group, which can scarcely comprise less than
8,000 to 9,000 feet of beds, west of Lirkana and Mehar, has diminished to about
3,000 feet at Tandra Rihim Khan, west of Sehwidn. The principal localities
for fossils are near the G4j, where mammalian remains were first found by
Vicary, and whence Mr. Fedden obtained several good specimens in 1876,
Bones have also been found more recently on both sides of the Laki range,
south of Sehwan.

It has already been mentioned that an estuarine bed is found at one place
some 300 or 400 feet above the base of the Manchhars. This is near the Nari
Nai, north-west of Sehwan. In lower Sind, and especially near Karachi,
marine or estuarine bands containing oysters and other shells become of fre-
quent occurrence in the Manchhar beds, and some of these bands contain G
fossils ; so that there is to the southward the same transition between Nari
and G4] which has already been shown to take place between all the other
tertiary groups. It is clear that the lower Manchhars are of the same age as the
G4j beds, and if, as appears certain, the latter are Miocene, the lower Manchhars
may be considered as upper Miocene.

This view is in accordance with the fauna, which includes only three living
genera, Rhinoceros, Sus, and Manis; the generic identification in the last case is
doubtful, being founded on a single phalange, and both the other forms existed
in Miocene times. Besides these, Amphicyon, Anthracotherium, Hyopotamus,
Hyotheriwm, some mew genera related to Merycopotamus, and Dinotherium, are
found in the Manchhar beds, but not in the Siwaliks, whilst the living types,
Semnopithecus, Macacus, Felis, Hyena, Ursus, Cervus, Bos, Capra, Camelus, Camelo-
pardalis, Equus, Elephas, &c., which abound in the Siwaliks, have not been found
in the Manchhar beds, so that, although several species, such as Rhinoceros palain-
dicus, Acerotherium pervmense, Chalicotherium sivalense, Sus hysudricus, and two
species of Mastodon, are common to the two, the presence of the much larger
number of extinct forms, most of which are typically miocene in Europe, and the
paucity of living genera, stamps the Manchhar fauna as of earlier date than the
Siwalik.

Now, the Manchhar fauna, as has just been shown, occurs in the lowest
Manchhar beds, whilst the Siwalik species are from the upper portion of the
group. It is therefore far from improbable that the upper Manchhars repre-
sent the Siwaliks. The lower Manchhars may represent the Nahans of the
Sub-Himalayas, or some of the lower portions of the Siwaliks themselves. The
great distinction between the Manchhar and Siwalik fauna supports Mr. Liydekker's
opinion, that the latter is of Pliocene age.
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Nothing more has unfortunately been determined as to the relations between
the Manchhar and Makrdn groups. The former has not been traced to the west
of Cape Monze, near Karichi; at least no such rock could be detected during a
traverse of the coast as far as Sonmiini made for the purpose of endeavouring to
trace the connexion between the two formations. The Makrin group, on the
other hand, appears not to extend much to the eastward of Hinglij, so that there
is & break between the two of the whole breadth of Sonmiani bay—60 or 70 miles
at least. Some of the Manchhar beds near Karichi closely resemble certain
strata in the Makrin group, but the typical whitish marls of the latter have not
been noticed in Sind.

General sequence of tertiary beds in Sind.—We have thus in Sind a great
sequence of later mesozoic and tertiary rocks, in which, despite the evidence of
great changes in the conditions under which they were deposited, and despite
local unconformities, there is no proof of any general break in the sequence
throughout the province. In some places, as in the Laki hills, where upper
Miocene Manchhars rest unconformably upon middle Eocene Khirthars, there is
po question that elevation, and in all probability denudation, took place in the in-
terval between the two formations, but elsewhere, as to the westward in the Habb
valley, and to the nmorthward on the flanks of the Khirthar, the break which
exists in the Laki hills is represented by an uninterrupted sequence of the Nari
and G4j groups. At the close of the tertiary period, however, there is a great
break, and the latest Manchhar (Pliocene) conglomerates are as constantly turned
on end along the edge of the Indus alluvium as the very similar Siwalik con-
glomerates are in the Punjab.

The lower portion of the Ranikot beds, the upper Naris, and the Manchhars
must have been deposited near land, for they contain terrestrial organisms, and all |
are probably fluviatile deposits; whilst the upper Ranikot, Khirthar, lower Nari
and G4j beds are clearly marine. Of all the marine beds, the Khirthar num-
mulitic limestone is the most important, and it is, as a rule, remarkably free from
admixture of sand or other indications of the neighbourhood of land, but, as has
been shown, this limestone is intercalated with sandstones and shales in lower
Sind, and it entirely disappears in the south-western part of the province near
the Habb river. The G4j beds, on the other hand, are interstratified with sand-
stones and shales in the northern part of the province, but have a much more
distinctly marine aspect to the southward, where limestones prevail. It is pre-
mature to reason broadly as to the changes in the distribution of land and water
during the tertiary period until the rocks of Baluchistan are better known; all
that can be done now is to point out the leading facts connected with the evidence
afforded by the rocks in Sind itself ; but it is impossible to avoid calling attention
to the much greater prevalence of marine conditions during later Eocene and
Miocene times in Sind than in the Punjab area to the northward, where no marine
beds of later date than the nummulitic limestone have hitherto been detected.
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Ox~ taEE OriciN oF THE KuMaun Laxes BY V. Bany, MA,, F.G.S,,
Geological Survey of India.

In so far as the outer and lower ranges of the Himalayas are concerned, the
group or series of lakes described in the following pages is in several respects
quite unique.

To many out of the thousands who have visited the beautiful part of the
country where these lakes are situated, the question of their origin must have
presented itself. Doubtless, it is in consequence of the difficulties which' sur-
round the subject, that no one has ventured to publish his observations and
deductions in full.

To Mr. H. F. Blanford, I believe, belongs the credit of having first! suggested
in print? an origin for them. But the subject has often been discussed, and
three or four years ago it was specially commended to my notice by one who
has frequently visited Naini Tal, and whose acquaintance with the Alps and
the literature of the subject led him to suspect that that lake might possibly
have been excavated by an ancient glacier.

Could I foresee within the next few years any prospect of my being able to
carry on my examination of the ground, I should not have presented this
unfinished sketch ; but as I do not do so, I think the publication of the facts here
given desirable, as it may facilitate the speedy final solution of the question, and
may also have the advantage of eliciting the opinions of experienced glacialists,
who are unable to visit the locality for themselves.

During a recent visit to Naini Tal, I had hoped to have been able to have
prepared a detailed geological map of the neighbourhood of the lakes, but cir-
cumstances beyond my control arose, which diminished my time for exploration
by two-thirds. Though the area is not extensive, the complex and disturbed
nature of the beds renders their true appreciation and demarcation a by no
means easy task. Owing to landslips, and the fact of so large a portion of
the basin of Naini Tal being built over, the accurate mapping of individual beds
and of the trap will require much time to accomplish. '

Of the age of the unfossiliferous metamorphosed schists in which the
lakes occur nothing is certainly known. In the account of the Geology of
Kumaun and Garhwal by Mr. H. B. Medlicott® will be found such information
as exists on the subject. Some casual observations on the geology which bear
upon the physical origin of the lakes will be found in their places below; other-
wise there is no intention of giving a detailed account of the stratigraphy in
this paper. Besides the map on the scale of one inch to a mile, shewing the
relative positions of all the lakes, it has been considered advisable to give with
this paper a copy of the large scale map of Naini Tal, which indicates very beau-
tifully and with extreme fidelity the physical structure of the neighbourhood.

! Unless General Strachey’s remark, that an outburst of amygdaloidal trap * is associated with
the formation of several small lakes,” is intended to be read as implying cause and effect. —Quar.
Jour,, Geol. Soc., Vol. V1I, p. 298.

% Proc. As. Soc., Bengal, January 1877, p. 3.
3 Vide N.-W. Provinces Gazetteer, edited by E. Atkinson, Esq., C.5.



{ oypwg Aq ydodbogoyd v awoug )

INIVN 40 MTIA TVHHEHNED

Y] By s

VIAUNI A0 AHAEAS 1VIIDOTO DD _ sapog womay



GLOLOGICAL SURVEY OF INDIA.

F—L—&l' fnaen L Records VolXI

SAT TAL aN

The depths are gven in fest ¢ 2

Scale 10 inches=1nmule

—_—

Shallow -




PART 2.] Ball: On the Origin of the Kumaun Lakes. 175

This series of Tals or lakes is included in the Chhakata pargana of Kumaun.!
They are by no means all of equal size or importance. They seem, however, to
fall naturally into three classes, the members of each class having certain features
mutually in common. So arranged, they would stand as follows :—

Class I.—Naini, Bhim, Malwa.
» 1I.—Naukachia, Sat.
»  1IL.—Kurpa, Dhobie, Saria, Sukba, Khoorea, &ec.

Narnt Tar.—This lake, so called after a Hindu goddess, i situated about
10 miles in from the southern slope of the hills. It lies at the bottom of a valley,
which runs about north-west south-east, and is surrounded on all sides, except
at the outfall on the south-east, by lofty ridges, which serve to give an unusual
amount of definition to the limits of the catchment area.

The greatest length of the lake itself is 4,703 feet, the maximum breadth
1,518 feet,? and the elevation of the surface at high water about 6,409 fect above
the sea. The principal peaks on the encircling ridges are Luria Kanta, 8144
feet ; Sher-ki-danda; Ulma; China, 8,568%; Deopathar, 7,989 ; larpathar, 7,721.

The China (Cheena) portion of the ridge at the head or north-west end of the
valley is steeply scarped above, with an undercliff much concealed by talus brought
down by landslips. It consists chiefly of shales, with which there are some quart-
zites, and, towards the crest, there are limestones, which, so far as is clearly seen,
may partake either of the nature of beds or veins. Passing hence round by north
to south-east the ridge is mainly formed of shales and argillaceous schists, which
are much contorted and broken ; but the prevailing dip is probably to south-west,
the beds striking with the direction of the ridge. An obscurely seen trap-dyke
seems to observe the same course. To these two facts, the dip of the beds and
the existence of the rigid trap axis, the present form of the slope is, I believe,
under the influence of subaérial denudation, to be attributed; and not to the
“friction of a glacier,” as has been suggested by Mr. H. Blanford (. ¢.).

It is true that there are no *subordinate ridges and spurs,” but such is not
uncommonly found to be the case where valleys run with the strike between hard
beds bounding softer ones, which have been eroded to form the valleys.

Towards the end of the ridge, overhanging the Depdt, limestones, which
are clearly seen in section to occur as irregular lenticular masses, not as beds,
become somewhat abundant. I shall have to refer to them again presently. The
range, on the south-west of the valley of which Iarpathar and Deopathar are
the culminating peaks, is formed of massive limestones, the bedding of which
is generally very obscure. There is also some trap, the combined rocks giving a
very rigid and steep outline to the range, which contrasts most strikingly with that
on the north.

1 Excepting Malwa Tal, which is just outside the boundary.

9 These figures are taken from a small table in the N.-W. Provinces Gazetteer, Article
“ Kumaun.”

3 The highest point is somewhet in excess of this elevation, which is that of the peak nearest
to the lake,
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All the rocks of this basin, whether shales or limestones, are singularly
unsuited to the retention of the minor glacial marks; and if glaciation did take
place, it may be from this cause that no such traces are now found.

From an inspection of the large scale map, it will be at once apparent that
the head of the valley has very much the form of a ‘cirque,’ as defined by
Mr. Helland,! who argues with considerable force that the cirques of Norwa
and Greenland are due to glaciers. Mr. Bonney,? on the other hand, describeg
Alpine cirques, which he believes to be formed by streamlets pouring down the
sides. It has often been remarked how some forms of our Indian alluvia
under the operation of heavy rainfalls exhibit in miniature many of the forms
of denudation and erosion. Among these forms, cirques and cirque valleys are
not unfrequently met with. Invariably, they are due not to denuding action
from above, but to subterranean springs or streams. To a similar cause may,
I think, be attributed cirque-like valleys in rocks formed of loose shales and,
to some extent, even those where the rocks are limestones.

The accompanying section of the bed of the lake indicates a state of things
very different from what might have perhaps been anticipated, but, however the
lake has been formed, explanations to account for the peculiarity about to be
described can be suggested.

The soundings from which this section has been plotted have been taken
from the Revenue Survey map on the scale of ten inches to a mile. In some
cases the exact character of the bottom is given, but not in all. A knowledge of
this character is, no doubt, a very great desideratum for the discussion of this
question. It would be especially desirable to know the nature of the bottom all
across the lake transversely to this line at the point where the shallowest sound-
ing occurs. As represented in the section, the lake consists of two basins, with
the maximum depth nearly centrically situated in each case. They are separated
by what appears to be a barrier. If it really be so, then it would lend consider-
able support to the glacial hypothesis. Indeed, if consisting of rock in situ, it
would fairly prove the existence of a true rock basin, thus furnishing a strong
argument in favor of the glacial origin. Supposing it to be so, the twin basins
might be readily explained by the hypothesis that they had been successively
excavated by the retreating end of a glacier. Unfortunately the case is not
susceptible of so simple an explanation, as the shallow sounding may be caused,
not by a barrier, but by a mere hummock, which, if (as is possible, so far as is
certainly known at present) occurring isolated by deep channels from the margins
of the lake, would be on the other hand a strong argument against the glacial
origin, as such an obstruction must assuredly have been swept away by a glacier
capable of scooping out the deeper hollows. Still another view of the nature
of the barrier or hummock, be it which it may, is possible. It may be that it is

not really formed of rock in situ, but is merely the remnant of an ancient
landslip.

1 «Cirques are large spaces excavated from the solid rock, bounded on three sides by an
almost semicylindrical steep mountain wall, and with a tolerably flat floor.”—Quar. Jour., Geol.
Soc., Vol. XXXIII, p. 161.

? In making these remarks, I labour under the disadvantage of being in camp, away tfrom
opportunities of reference to Mr. Bonney’s papers.
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In the present state of our knowledge, therefore, no certain conelusion can he
drawn from it. But the peculiar character of the basin still remains a subject
for some speculation, the more particularly so when it is remembered that the
nperations of the present day must tend steadily to obliterate these features by
the deposition of silt in the hollows.

Passing from the lake itself to examine the nature of the barrier at the out-
fall, we find that it is formed of a confused mass of debris, in which some very
large rock masses, some of them ten feet in diameter, occur. Following down
the bed of the stream, rock im situ is not met with till near the waterfall, or
at a level which must be considerably below that of the bottom of the lake
where deepest. I had neither the time nor means for actually ascertaining the
elevation of the exact point where rock in situ is first met with in the stream.
But it is an important point to be determined. The result would, I feel confi-
dent, completely dispose of any belief in the existence of a rock basin.

Mr. Blanford (i. ¢.), though he does not expressly state his belief that the
large blocks of stone are erratics, suggests that they may be derived from the
limestone at the ridge at the head of the valley (Deopathar). He states that
his “impression was that the lake was closed by a morraine.” The source of
these blocks I believe to be much closer at hand. In great part they have,
I think, simply tumbled down from the Iarpathar ridge and its eastern prolonga-
tion, where not only is similar rock to be seen i» situ, but similar detached blocks
are found on the slopes ; one remarkably fine example being seen in the compound
of Welham house. Others, on the other hand, may have fallen from the ridge
to the north of the depdt, where the already described lenticular masses of lime-
stone occur. The remainder may, I think, have simply been eroded from their
envelopment of shales*at, or very close to, the positions where they are now found.
Though it is convenient to speak here of these blocks collectively as limestones,
they vary much in character, and some are highly indurated, but only slightly
calcareous, mud stones. From these varying characters it may be possible,
hereafter, to trace their origin individually with considerable accuracy. As to
the other characters of the debris at the outfall, I in vain searched in it for
evidence of a glacial origin, and am unable to point to any feature which is in-
consistent with the idea of its having been formed by a landslip.

Further down the valley, near Joli, some 3,000 feet or so below Naini Tal,
I observed, when on the road to Ranibagh, that the river has cut through an
accumulation of boulders and finer debris toa depth of 200 feet or so, which at the
time seemed to me as possibly of morraine origin. On reading Mr. Campbell’s
opinion of the same kind of deposit near Kalka, which I have also seen, I
fear it would require stronger facts than I am in possession of to prove it other
than diluvial. I mereiy mention it here in order to draw attention to the fact
of its existence, with a view to its future examination.

BaiM! Tar.—This lake is situated about 6 miles, in a direct line, to the east-
south-east of Naini Tal. Its elevation is about 4,500 feet above the sea, or
1,900 feet lower than Naini Tal. It lies at the bottom of a valley between two
ranges, which strike from north-west to south-east. The northern one is largely

So called after Bhim, Skib or Muladeo, to whom there is a temple.
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made up of greenstone, which I traced from the neighbourhood of Bhuwg);
through Bhim Tal, up to Malwa Tal. According to General Strachey’s geologimi
map, a continuation of the same outburst extends northwards up to Bhujan on the
Kosi. The southern range consists chiefly of quartzites and shales, and riges to
a height of 1,300 feet above the lake.

At the entrance to the lake, in the very throat of the gorge, occurs a small
hill, about 80 or 100 feet high, which deflects the in-flowing stream, and the
existence of which, if it really is, as it appears to be, a stable prolongation of g
spur, presents a serious obstacle in the way of a glacial theory. No one can
deny, I think, that a glacier capable of scooping out the lake could not have
passed over, or on one side of, such an obstruction.

The determination of the fact, whether this hill consists, and to what extent,
of rocks in situ, is a point, I believe, of crucial importance in this enquiry.
Bearing in mind the vast size of the landslips which take place in this Tegion,
no one should hastily venture an opinion on such a point. My examination of
the ground was of too cursory a nature to admit of my coming to a final decision.

The maximum dimensions of this lake are, length 5,580 feet, breadth 1,490
feet, and depth 87 feet. It is, therefore, the largest, but the shallowest,! of all
the series herein described.

Whether it be a historical fact or not I cannot say; but it is clearly, I think,
a fact that the present outlet of the lake was not the original one. The waters
now only escape through a sluice close to the temple, which is situated about
midway on the eastern side; but that originally the water found its way out
at the southern end, an inspection of the map alone is almost sufficient to
determine.

This southern end is now stopped up by what appears to be the debris of a
landslip. T was unable to examine the valley below, and the position and elevation
of the highest rocks there remain to be determined. At the present outfal,
the rocks in situ are apparently at a higher level than the bottom of the lake;
but this, if it be the case, is a fact of no importance, if my supposition as to the
position of the original outfall be correct.

Towards the southern end of the lake, on the eastern side, there is a boulder
deposit, which extends along the bank up to a level of perhaps 10 feet above the
water. The rounded blocks which it includes were possibly rounded by the
waters of the lake when they stood at a higher level, but its appearance suggests
a morraine origin. The most remarkable feature about it, however, is, that it is
backed by no high range on the east, so that, if derived from a landslip, the
materials must have come from the west, and, of necessity, temporarily filled up &
portion of the bed of the lake. As elsewhere, my examination here was very
hurried, and I therefore commend this deposit to the notice of future visitors.

Marwa TanL—This lake is situated about five miles, in a direct line, to the
east of Bhim Tal; it lies in a deep valley, which strikes north-west and south-east,
and is traversed by the Kalsa river, a tributary of the Gola.?

1 Sat-tal being excepted as regards depth.
2 1t is perhnps worthy of note that the drainage of all these Inkes is into the Gola river.
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The elevations of the parallel bounding ranges on the north-east and south-
west average upwards of 3,000 feet above the level of the lake, the height of
which above the sea has been approximately estimated at 3,400 feet.

The range on the north is formed chiefly of white and purple quartzites, with
which there are some slates and shales. The dip of these beds is variable, but
north-west at a low angle seems to be the prevailing direction. Much of the
higher face of this range is steeply scarped, but landslips abound, and have, to a
great extent, concealed the character of the lower portions.

The range on the south consists primarily of an axis of greenstone, which
stretches continuously hence from the neighbourhood of Bhim Tal. Associated
with this greenstone are quartzites and shales, the beds in immediate contact
often showing signs of much alteration and induration. Occasionally the effect
of the former has been such as to cause the affected beds to assimilate to the
characters of the greenstone, and to be almost inseparable from it, by mere examin-
ation of their outward lithological structure.

What the exact nature of the physical relations of this greenstone may be,
has not yet been fully ascertained ; but that it does not exist merely as a single
simple dyke is amply testified by the fact that branches from it cross the valley
at both ends of the lake, and are cut through by the infalling and outfalling
streams.

At the head of the lake is a boulder bed through which the river cuts to a
depth of eight or ten feet. This deposit consists chiefly of subangular fragments
of trap and quartzite. At first I was inclined to attribute it to the effects of a
retreating morraine. Temporarily this view was supported by the discovery of
boulders of granite and gneiss—mno known source for which exists within the
present drainage limits of the Kalsa. It was impossible, however, to overlook
the fact that there were no signs of polishing on any of the blocks, and that those
which have come furthest (the gramnite, &c.) are well rounded and water-worn.
Taking into consideration the professedly general character of the only existing
geological map, it would be clearly unsafe to adopt the view that no source for
these boulders exists within the watershed ; and this the more especially as in
the adjoining basin of the Gola on the north the occurrence of gneiss and granite
is indicated on the map.

The importance of determining the source from whence these boulders have
been derived is sufficiently obvious. If they have not come from within the
limits of this catchment basin, then indeed it might be necessary to invoke the
aid of an ice cap to account for their tramsport; but in the meantime it is
impossible to assert that this accumulation of boulders at the mouth of the gorge
is other than a delta of diluvial origin.

Now as to the character of the lake itself. Its maximum dimensions are,
length 4,480 feet, width 1,833 feet, and depth 127 feet. Unfortunately, as was
the case with Bhim Tal, no series of soundings are available, and the form of the
basin is, therefore, uncertain. The bounding ranges and their slopes, however,
indicate the \f (river) rather than the {J (glacial) type of valley denudation.

Looking up the lake towards the course of the stream, the view just beyond
the gorge is quite shut out by projecting spurs, which a glacier could have scarce-
ly failed to modify, if not remove. y
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At the outfall, no rocks are seen in situ. The barrier, now modified by a
sluice, appears to be mainly formed of debris thrown down by landslips. The
first rock which I detected 7n situ in the bed of the stream was the uheady men.
tioned greenstone, which will, I believe, prove to be at a lower level than the bot-
tom of the lake. -

As 1 only had a single day to spend at this lake, I was unable to exa-
mine the characters of the wide and unusually straight valley below the
village of Malwa Tal (vide map) ; its examination may throw some light on the
subject.

NavgracHIA Tar.—This curiously irregular-shaped lake has received its name
from its nine corners. It is situated about one mile and a half to the south-east
of Bhim Tal. It occupies a hollow on the slope, and is surrounded by low
hillocks, not by pairs of distinct ranges, as are the previously described
lakes. '

With a very narrow outfall on the north-west, its appearance, as seen from a
mile distant, suggested its being little more than a shallow pond. And it did not
seem to me to be advisable to curtail my already too short time at the other lakes
by paying it a special visit. On returning to Naini Tal, I found, very much to
my astonishment, that its depth is recorded at 132 feet, thus being the deepest
of the series. If this be the correct depth, it renders the lake one of the most
singular of all. Its shape, the nature of its surroundings, and the narrow wind-
ing course of the outfall, all seem inconsistent with the view that it is of glacial
origin.

Its length is given at 3,120 feet, its breadth 2,270 feet, and its approximate
elevation above the sea 4,000 feet.

SAT Tarn.—The so-called Sat Tal, or seven lakes, are situated about the same
distance to the west of Bhim Tal that Naukachia is to the south-east. They are
surrounded on all sides by steep hills, a narrow valley, 100 yards wide, at the out-
fall of the principal lake serving to carry off the drainage. What the maximum
depth may be, I do not know ; but two soundings, which I took in the western
arm of the principal lake, gave depths of about 58 feet. The artificial dam and
sluice somewhat increases this depth over what it wounld be naturally.

At the ountfall there is a landslip, and I do not think any rocks are seen in
situ till a much lower elevation is reached than &8 feet below water-level.

It is scarcely probable that this group of the seven lakes was in any way
formed by glaciers. I have seen in parts of the Central Provinces, where no
question of glaciers can arise, denuded hollows among hills, which, if closed by
landslips, would form very similar lakes.

Since writing the above, I have received from Mr. Yule, of Bhim Tal, the
accompanying plan of soundings, which he has kindly taken in the principal of
the Sat Tal at my request.

When it is remembered that this curiously shaped lake has but one narrow
outlet, and that it is otherwise surrounded on all sides by hills, but without
noy considerable catchment area for a glacier to be formed and fed, the diffi-
cully in the way of a glaciad theory of origin becomes strikingly apparent.
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The maximum depth, it will be seen, is given by Mr. Yule us 61} feet, so that
1 must have failed to hit off the deepest part.

Of the smaller lakes enumerated above under class 111, I huve nothing to
say at present. They have not yet been specially examined. Very possibly, there
may be in connection with them various points of interest to be yet diseovered.

ConcrLusions.—Reviewing the whole of the facts which are cnumerated above
in reference to each of the lakes, and considering the limited zone in which they
oceur—the probability that they are all the result of one general series of operations
impresses itself as being an hypothesis of primary importance. If one of the lakes
then exhibits indications which seem to connect it with one particular mode of
origin, while others of the lakes do not show such or similar indications, it becomes
all-important to submit the former to the severest scrutiny. In this way, I think,
the appearances suggestive of a glacial origin, which are perhaps strongest in
the case of Naini Tal, lose much of their force when we find that other lakes exist
of generally similar character, but in which the special indications are wanting.
In the single character of the outfall barriers all the lakes agree; opinions may
differ as to the origin of these barriers, whether they are remnants of morraines,
or have been formed by landslips; but it is almost certain! that not one of them
consists in any degree of rock in situ, and we therefore have not the positive aid
of a rock basin to determine a conclusion.

There is one point geologically which links the three larger lakes together, and
that is the occurrence of trap dykes in the vicinity of each. Now, I do not think
it at all probable that the lakes are due to the original outburst of trap. Indeed,
the above described fact in reference to Malwa Tal, where both the inflowing and
outflowing streams cut through trap, renders such a view untenable. But it secrus
not improbable that, when the great upheaval and disturbance of the rocks of
this area took place, the existence of comparatively rigid lines of trap may have
been largely instrumental in determining the form which the surface assumed,
and that on their flanks the soft shales, &c., may have been so much crushed
and broken, as to yield more easily to the subsequent operations of denudation,
thus affording an abundant supply of material for landslips, which ultimately
served to close the valleys, and form the lakes.? Or even supposing the outhurst
of trap to have accompanied the upheaval and disturbance, its effect in deter-
mining the subsequently established lines of denudation could not fail to make
itself felt.

This explanation, in part suggested by Mr. Medlicott’s observations in his
well known paper on the Alps and Himalayas,? seems to me more in accordance
with the known facts regarding the whole series of lakes, than any glacial theory
can be.

1 Careful levelling can only decide this point.

2 Tt is possible that the basin of Naini Tal may be connected with some local faulting, the
existence of which is implied by the sulphur spring at the outfall. That a fault occurs all along
the centre of the valley is, however, scarcely probable, as, did one exist, it would show in the scarp
of China, the beds forming which appear to be continuous across the head of the valley.

3 Quar. Jour,, Geol. Soc., February 1868,
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Before commencing examination, I was myself inclined to believe in the prob.
ability of a glacial origin ; but as my observations have accumulated, I have been
constrained to adopt the view, that the balance of evidence available at Present
is against such an explanation. At the same time, I have indicated that there
still remain several points for determination, which are of almost crucial import.
ance. Future observers will, probably, give a large portion of their attention
to some of these questioms, and, with the aid of the maps, soundings, &c., here
given, will be able to add comsiderably to the above data, thus affording fuller
material, by which it is to be hoped a sound and stable conclusion may be finally
arrived at.

I have only to add that it appears unadvisable at present to refer particu.
larly here to the debated question, as to the evidence of the former existence of
glaciers at low elevations in Kangra and elsewhere.

For the present, the two series of observations had best, perhaps, be kept
quite separate, but their ultimate connection and relationship is, of course, none
the less obvious.

Note oN A Trip OVER THE MinaM Pass, Kumaon, Yy THEODORE W. H. Hucnes,
AR.S.M. F.G.S., Geological Survey of India, with a DESCRIPTION OF THE
FossiLS BY DR. WAAGEN, formerly Paleontologist to the Survey.

Early in August 1873, an opportunity being afforded to spend a few weeks
in Tibet and the higher regions of the Himalayas, my colleague, Mr. Hacket,
and I undertook to strike across from Almdra to Milam, and return by the Niti
pass. I had once before, in 1869, been through the Milam pass, but I was so
distressed by constant pains when at high elevations, that I made no observations
worth recording. A judicious preparatory training enabled me on the present
occasion to enter the lists, and fight with fair success, against the trials of high-
region travelling, and my note-book was brought more into requisition.

The time of year at which we started was too unfavourable to make any
other than road-side observations among the lower hills. We were in almost
constant rain during our first ten marches, and, however enthusiastic our aspira-
tions in the cause of geology at the outset of each day’s journey were, they could
not withstand the depressing effect of recurring downpours of water, and we
hurried to shelter as the most prudent course to pursue. It was not until we
reached the Bhétia village of Rilkdt, that we passed out of the region of
rain.

We were fortunate enough to secure a small collection of organic remains,
which, on examination by Dr. Waagen, afforded evidence of the presence of
several formations not hitherto detected in this region, and bringing the section
here more into correspondence with the sequence of fossiliferous strata estab-
lished by Dr. Stoliczka in the North-Western Himalayas. To this extent our
trip was a satisfactory one; we failed, in that we made no attempt to fix accurately
any geological boundaries.

It is easy, however, to reduce within narrow limits the debatable border-land
of the fossiliferous and non-fossiliferous rocks, and certain localities can be
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referred to their true palmozoic horizon. The main interest of this paper is
embodied in Dr. Waagen’s remarks ; so, after a brief account of the azoic region
from Alméra northward, I will quote them in full, adding a few comments of my
own.

We left Alméra on the afternoon of the 3rd August, and encamped for the

evening at Tikli, and on the following day got into
Bigéswar, a distance of 30 miles from Alméra.
The rocks traversed belonged to the metamorphic series, and consisted of
quartzites and schists, a few slate bands and some lime-
stones, with a general dip to the north. Good slates
occur in the rise of the hill near Billari, and capping the hill is a great mass of
limestone.

Where the road slopes to the Sarju river, about four miles south of Bégéswar,
soapstone appears. It cannot fail to be noticed in the
“ rains,” from the circumstance that at every step you
take down the hill, your feet slip from under you, nnless great care be
exercised.

Between Bigéswar and Kapkdét—the pext halting-place, 12 miles distant—

similar rocks to those already passed over occur. An
impure bed of graphite crops out in the left bank of
the first tributary of the Sarju beyond Bégéswar, where
the roadway is carried over on a wooden bridge.
From Kapkét we went on to Shama, a distance of 13 miles. The road
leaves the valley of the Sarju at its junction with the
Réhra, and follows the course of the latter river. The
rocks are of the same character as those seen during the past marches, and have
still their northerly dip. Deposits of recent limestone are very prevalent;
and at Khar-baggar, where the road to the Pindra glacier leaves the one we
were travelling, there is a sulphureous spring.

Our march to Tézam was only 7 miles, but a great deal of climbing had to be
done, and we did not arrive until the afternoon. In
addition to the ordinary quartzites and schists, and super-
ficial deposits of calcareous tufa which were very numerous, there is a consider-
able thickness of white dolomitic limestones, compact and
very fine-grained. A splendid cliff-section of them
occurs at the mouth of the Jankidli river, which falls into the RAam-
ganga, opposite Tézam. Another short journey of 44 miles brought us to
Girgaon, situated high up a hillside. For the first 5 miles the road runs
along the right bank of the Jankili, and more dolo-
mite is exposed. Near Girgaon talcose quartz-schists
replace it.

To Mnshiari,! our next halting-place, was 8 miles. The route was a very
trying one, owing to the number of heavy ascents and
descents. For some way beyond Girgaon the most pro-

Takli; Bagéswar,

Slates.

Sonpstone.

Kapkét.

Graphite.

Shama.

Tézam,

Dolomitic limestone,

Girgaon,

Munshiari.

T Mtnshiari is not the name of a village, but the term applied to the whole of the villages that
are clustered around Jallat and Siring. '
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minent rocks are the talcose quartz-schists; but, beyond the ordinary break.
fasting place, the name of which I have forgotten, highly garnetiferous micaceous
schists are common, and garnets may be picked up in hundreds in little depres-
sions and amongst the roots of trees and shrubs.

We halted one day at Munshiari, in order to pay a visit to the localities
whence are obtained the ovoid stalactites, sold as curiosities to travellers by the
people of Munshiari. The guide took me down to the Goéri river, and pointed
to places in the cliffs forming the banks, and said they were found there; but I
failed to procure any, and I question very much whether I was shown the right
spots.

In the neighbourhood of Minshiari we began to notice a change in the

. character of the rocks; and on our next march to Lélam we
Change in character of

rocks. saw some typical gneiss between Dalkét and Tala Dimar;
Lélam. dip north, at 25°. Opposite Tala Dimir black mica-

schists, in some instances highly garnetiferous, and horn-
blende schists occur above the gneiss.

From Lélam we marched to Bighddar, and thence to Rilkét. The road
keeps in the valley of the Gdriganga, and a magnificent
section is exposed of what Dr. Stoliczka terms his central
gneiss.! It is traversed by granite veins, in the manner

Baghdbar; Rilkét.

Central gneiss.

described by him.

Still keeping to the valley of the Gdriganga, our next halting-place was
Birfi, where we were forced to remain several days until
a sufficient number of jabbis (half-bred yaks) had been
collected to carry our camp stores and equipage. Birfd is beyond the ground of
the central gneiss, and the rocks between it and Rilkét are quartzites, slates,
and schists. Near Tola I noticed an immense number of crystals of iron pyrites .
in almost all the beds that I examined.

Our first discovery of a fossil was beyond the village of Milam, near Shilong,

one of the halting-places of the Bhotias, in some finc
sty fossit found mear - silicions sandstone. I think that the Stroplomena aranea,

Salter, which is the only silurian form in our collection, is
the specimen referred to; but I am not quite sure, the label having been lost.
Along the remainder of our route to the snowy passes, and especially at the foot
of Unta Dhira, we made several additions to our bag of fossils; and each
day's journey to the fromtier, and through Tibet, enabled us to increase our
stock.

Barfa,

Dr. Waagen says of our collection :

“The fossils brought by Mr. Hughes from the Milam pass can be attributed
to at least five formations, which are indicated with more or less certainty by
the different species. I consider as very probably of creta-
ceous age some pieces of a flaggy yellowish grey lime-
stone, filled with fragments of shells intermixed with entire specimens, which,

Cretaceous fossils,

1 Memoirs, Geol. Sur'v., India, 18066, vol. V, page 12.
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though the species could not be determined, yet, by the association of the genern,
indicate with great probability the cretaccous formation. I worked vut of those
rock specimens— :

“ Corbula, sp., allied to, perhaps identical with, O. cancellifera, 8tol.; as, how-
cver, only one specimen has been found, the determination could not be made
with sufficient certainty.

“ Astarte, a middle-sized species, rather oblique in ghape, with concentric folds
near the apex, nearly smooth on the other parts of the shells; could not
apparently be identified with any of the hitherto described species. This shelt
seems to fill whole beds with hundreds of specimens.

“ Pectunculus, sp., a large, smooth, rounded shell, found among the Astartes.
The species could not be determined, but the occurrence of this genus together
with a true Astarte indicates nearly with certainty cretaccous beds.

“ Cucullaea, sp., fragmentary.

“The jurassic formation is represented in the collection, by a tolerably
large number of fossils, preserved much in the same way
as those found in Spiti.

Jurassic fossils,

“1 determined—
Belemnites cf. kunthotensis, Waagen (fragments of the guard).
Oppelia acucincta, Strachey. ’
Perisphinctes frequens, Opp.
” sp. (triplicatus, Stol. non Sow.)
’ sabineanus, Opp.
»  stanleyi, Opp.
» 8p.
Stephanoceras 7 wallichii, Gray.
Cosmoceras theodori, Opp.
» octagonus, Strachey.
Auctlla lequminosa, Stol.
»  blanfordiana, Stol.
»  Sp. nov.
Pecten, sp.
Rhynchonella, sp. (varians, Blanf. non Schloth)

“The genus to which Ammonites wallichi, Gray, belongs is rather doubtful, as
no sufficiently well-preserved specimen has been found to make this point certain.
Perisplinctes stanleyi, Opp., is a very good species, and easy to distinguish
from Perisphinctes cautleyi and spitiensis, with which it has been identified.
The new Awucella is a large rounded shell, with very few concentric stris, but it
is represented only by a single specimen. Nevertheless I thought it worth
mentioning ; as the occurrence of a new (a third) species in the Himalayan Jura
shows yet more clearly the intermixture of European and North Asiatic types'in
these jurassic districts. In Kachh already species of the genus Aucella are exceed-
mgly scarce, whilst north of Milam some of the rocks are ﬁlled with hundreds of
Aucella leguminosa.”

Almost all the jurassic specimens just described are from the neighbonrhood
of Laptél. They occur mostly in concretions, in dark-looking slightly carbona-.
ceous shales, that constitute the most distinctive rocks of the formation. A4

D
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Laptél the shales overlie limestones, and they form a trough, which has a north-
north-west south-south-east strike. They cxtend southward as far as the
halting-place at the foot of the Kingrd ghat.

“The different formations of the triassic period are very poorly represented
in the collection, but nevertheless the materials are suffi.
cient to state with all certainty the existence of these
formations. To the upper Trias very probably belong some hard, flaggy, dark-
grey limestones, with millions of fragmentary shells imbedded. However, only
on the weather-worn surfaces some species can be recognised, it being impossible
to get anything out of the interior of the rock. I am able to recognise one
species of Monotis, and two species of Pectens, on three different rock specimens.
The only species determinable, however, is Rhynchonella austriaca, Suess.

“There are yet two other divisions of the Trias indicated by fossils in two
different kinds of rock. The one is represented by two fragments of Ammonites
of the group of Ammonites semipartitus. They are preserved as black nodules
in a hard, dark-grey, silky, slaty shale, which very likely belongs to the ¢ Muschel-
kalk’ formation. The other division of the Trias is indicated by a small
specimen of a badly preserved Ceratite, somewhat like some species of the Salt
Range, and thus possibly out of some ‘Bunter Sandstein’ beds. The rock in
which it is preserved is a hard, red, crypto-crystalline limestone.

¢ These few fossils, though badly preserved, and specifically not determinable,
yet show beyond a doubt the existence of a rather complicated group of triassic
rocks.”

There are two geographical zones of this and the underlying series, one
being south of Laptél, and the other north of it, in the direction of Kanchégo.

“The next older formations, permian and carboniferous, are represented in
the collection by a somewhat better suite of fossils. The
most fossiliferous bed is a white limestone with a great

number of fragments of crinoid-st€ms, and the following
determinable species :=—

Triassic fossils,

Permian and carboniferous
fossils,

“ Terebratula himalayensis, Dav.
¢ ” subvescicularis, Dav.
” sp. nov. ?
‘“ Athyris roissyi, L'Ev.
“ Spirifer cf. glaber, Martin.
“ Camerophoria, sp. nov. ?
““ Productus semireticulatus, Martin.
“ » sp-
“ Bactrynium  sp.
“ Cyathophyllum sp.

“It is very interesting to trace how much this fauna resembles that of the
lower carboniferous limestone in the Salt Range ; and even the preservation of the
specimens is such, that they could be mistaken as coming from the Salt Range.
Productus semireticulatus occurs of its typical size, whilst the small form from
Spiti, which is found also here, and quoted by me as * Productus, sp.,” 18 very
likely a different species. The latter, however, has been also obtained,
though rarely, from the Salt Range.

119
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“The Camerophoria quoted above is a beautiful large species, which 1 could
not determine for the present. The Bactrynium also is interesting, which is found
plentifully in identical specimens in the Salt Range. The genus has been de-
scribed by Giimbel after a very small species out of the ‘ Kossener’ beds of the
Bavarian Alps. The zoological relations of the genus, however, arc as yet
thoroughly unknown.

« Other beds, possibly also of carboniferous age, which, however, could not be
ascertained by the few fossils obtained from them, have furnished :—

Rhynchonella, sp.
allied to Rh. acuminata, Martin, preserved in a black hard shale, and
Spirifer cf. striatus, Martin,
Stringocephalus ?7 sp.
Rhynchonella ? sp.
all bad specimens, preserved in a dark liver-coloured limestone.”

The dark-coloured limestone is very probably of carboniferous age, as it came
from the same locality as the rocks which furnished the fossils of undoubted
carboniferous affinities.

“Qf all the silurian formations, there is only one specimen of rock in the
collection, comsisting of a bit of white not very hard

sandstone, with manganese specks, upon which several
casts of Strophomena aranea, Salter, are observable.”

The sandstone in which this brachiopod occurs comes, as well as I can re-
member, from' the neighbourhood of Shilong, as already mentioned.

Silurian fossil.

The following list of halting-places and distances from Alméra to Milam may
be useful :—

Name of halting-place. Distance. Bemarke,
1. Tkl .. 16 Miles. No resting-house.
2. Bagéswar 14 Dak bungalow.
3. Kapkét .. e .. 12 Dharamsala,
4, Shama ... cee . 13 Ditto.
5. Tézam . e 7 . School-house.
6. Girgaon ... 6} o No resting-house.
7. Mfnpsbiari - - 8 ., Dharamsala,
8. Lélam Thankdt - 6 , Cave,
9. Bighddar 8 No shelter.
10. Rilkét . 8 Ditto.
11. Milam .. 8 Ditto.
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Glacial traces on the south slope of the Hindu Kiish.~—The descent from the
Chahdrdar pass to the Deh-i-Tang lies down a narrow valley of much the same
character as the one just described. But the most interesting feature in connec-
tion with it is, that in this valley there are some small glaciers still remaining.
Near the head of the valley, just south of the Chahdrdar pass, at an elevation of
12,050 feet above sea-level, several small side ravines join ; I noticed three of them
were still filled with glaciers, and though they were very small, the moraine ac-
cumulations near their lower ends were enormous. Especially the one from the
right side shoots off an enormous cone of large fragments, amongst which there
are some very good examples of ice-scratched blocks.

Recent conglomerates.—Both in Turkistdn and the neighbouring South-western
Badakhshédn deposits of recent and sub-recent conglomerates, sands and clays are
largely developed. . The hills which skirt the cretaceous anticlinals between Hai-
bak and Dahdna Ghori are formed by these deposits which attain there a great thick-
ness. Similarly the valley of the Siirkh-db is partially filled by them.

The valleys belonging to the Kabul river drainage south of the Hindu Kish
are to a large extent lined with terraces of conglomerates, as, for instance, the wide
terraces of Sidh-Gird, Chahdrdeh, etc. ‘

These conglomerate. terraces form quite a feature in the landscapes of the
road east of Kabul, amongst which I' may mention the terraces of Gandamak and
Nimlah Bagh.

I believe these accumulations belong to the same age as the Indus gravel beds,
which are seen to skirt the hills the whole way from Peshawar to Sind.

In the next number of the “ Records ”’ I intend giving a geological map of Afghédn-
istdn and part of Persia with a summary of the geological structure and mineral
resources of Afghdnistdn.

CALCUTTA, 23rd December 1886.

Physical Geology of West British Garhwal; with Notes on a Route
Traverse through Jaunsar Bawar and Tiri-Garhwal, 4y C. S. MIDDLE-
MisS, B.A., Geological Survey of India.

PART I.

In Part 2 of the Records for 1885 I described a fossiliferous zone of pre-
tertiary age amongst the old mountain-building rocks which
form part of the Lower Himalaya of British Garhwal. When
that preliminary notice was published I had only been working for a short time in

the district, and consequently the area treated of was confined, and no generaliza-
tions could be made, Since then, having spent another ficld season there, [ am

Introduction.
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able to make some additions to our kmowledge of the stratigraphy of those parts,
But, inasmuch as this part of the Himalaya is divided from ground which has been
already geologically surveyed in Jaunsar Bawar by a broad strip of almost com-
pletely unknown country, 21z., part of Tiri-Garhwal, I am still compelled 1o put
aside for the present all definite correlation between the rock systems displayed in
Jaunsar and those upon which I have now been engaged. In consequence of this
I shall still adhere to the method observed in my preceding paper of naming the
series, when fossils are absent, after their prevailing lithological character; trusting to
time, and a wider experience, to eventually make them one with the old established
Himalayan formations,

British Garhwal has been topographically surveyed om the one-inch scale, and
the principal object of my first season’s work there was to settle down on some part
of it where the strata showed signs of falling into a natural order, and then work
from that point as closely as the advantages of a large-scale map would admit,

But, before doing so, I went through Jaunsar Bawar (the next British possession
west-north-west of British Garhwal) for the purpose of making myself as thoroughly
acquainted as possible with that already mapped district. From its no great
distance from Garhwal it was thought that it might have manv points of similarity,
and so give one new to Himalayan work a useful basis to go upon.

From the northern extremity of Jaunsar Bawar I rapidly crossed by Tiri through
native territory until I struck my own working district at Srinagar in British Garhwal,

Before coming to the main object of this paper I shall therefore briefly set down
a few somewhat disjointed notes referring to- my route traverse: not because they
have any intrinsic value, but because of their possible bearings on past or future work.1

The southern parts of Jaunsar Bawar were examined by me in some detail with
especial regard to the position of the Mandhali series in its
numerous unconformable appearances near Chakrata. [t
is not my province to describe these rocks, with the questions arising from which
Mr. Oldham is now engaged, but the numerous examples about which I have notes,
from their containing clear blebs of quartz, fragments of felsites and a great deal of
felspar and felspathic material scattered about in the matrix, gave me the idea of a
rock produced by the degradation of felsites or granitic rocks and produced perhaps
during a time of intermittent volcanic: activity. North of Chakrata, the high
Deoban ridge up to Mandhali, and some way beyond, was wrapped in deep snow,
the product of a late storm, at the time of my visit; and work was therefore curtailed
in a great measure, What I saw of the. Mandhtalis there left ne doubt in my mind
as to their identity with the rocks classed as the same alittle south of Chakrata.

At Tiutar (near the Tonse) I made a careful examination of the Chakrata series
to the east of the Konain-Mudhaul fault,® in order to solve, if possible, the question
of inversion, and whether the igneous rock was intrusive or inter-bedded. From

Jaunsar Bawar.

! To make these route observations more intelligible it may be noted that Mr.. Oldham’s
Bawars are taken by him to be about on the horizon of the base of the infra-Krol group of the
Simla section, the Mandhalis being older still, but newer than the Decban limestone (see
Vol. XVIIIL, p..4).

2 See R. D. Oldham's * Note on the Geology of Jaunsar and the Lower Himalaya.” Rec.
Geol Surv. India, Vol. XV1, 1883, p. 193.
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the presence of what appeared to be thin ash beds, associated with the igneous rock,
I at first felt sure both must be inter-bedded, but until microscopic sections are cut
there is a possibility that they may turn out to be merely crushed and pressure-
foliated diorites. With regard to inversion, the lie of the bads as contrasted in
deep gorges, and on the neighbouring mountain 'spurs south-west of Tiutar, inclined
me in favour of the supposition of inversion; for to the eye thare seens to be a
steepening of the beds in towards the mountain; but, on the other hand, the lime-
stone which lies apparently immediately below the igneous rock is a very whitey-
grey, compact, and marble-like rock, such as could have been produced by the
contact metamorphism of the igneous rock. In addition, south-west of Tesar
Khera, where the limestone contains some magnetic iron in small crystals, the
contact of the igneous rock has in places altered the laiter, so that it now lies as
amorphous lumps filling lacun®e among the joints of the limestone. From these
facts the limestone must be older than the igneous rock, and, if the latter is inter-
bedded, their present position must be the original one, and the inversion theory
cannot be maintained.

From Tiutar I rounded the north end of Jaunsar Bawar and left British territory
at the head of the Khunigadh river which divides Jaunsar from Tiri-Garhwal.

From the Khunigadh pass I descended, in a south-east direction, to Porohla.
Except for a mile or so from the pass, where there were
some diorites and ash (?) beds, there was nothing met with
but Bawar quartzites during the whole descent. They lie dipping slightly towards
the north-east and never exceeding an angle of 20°. Their colour is white, and, when
seen through a lens, they appear to be made up of little
angular fragments of clear quartz and apparently nothing
else. They form the exceedingly precipitous ridge west of Gundalho, lying
between the two branches of the Kamalada river, which meet at Porohla. The
steep bare walls into which they weather utterly barred my progress at a point on the
map ahove the / of Gundalho; but, with their low dip towards the north-east,
they appeared to continue much higher up towards the main range running parallel
to the Tonse. I have no doubt that these are identical with the Bawar quartzites of
Mr. Oldham. Porohla lies in a widened and flattened valley, given over to cultiva-
tion, and called the Rama Serai, lying to the north-north-east from the village
along the present line of the river.

Along its bed there must be an unseen junction between the Bawar quartzites
just mentioned, and another rock which is petrologically a gneiss. Unfortunately
both it and the Bawars themselves, in this region, have so
weathered at the surface that in the few exposures that I
could examine in a hasty march I found no reliable junction that gave me a clue
as to the nature of the boundary. This excessive weathering into a fine gravel of
the separated crystals of the gneiss and the disintegrated grains of the quartzite, is
probably the cause of the flat cultivated stretch of the Rama Serai, the valley of
which has become in this locality choked with the products of disintegration. I
had the gneiss with me, gradually emerging from its weathered covering, up to, and
beyond Kumalo; but, when the position indicated on the map by the / in
Kumalo was reached, it came to an end, and Bawar quartzite and some schists

Tiri-Garhwal.

Bawars,

Gneissose rock.
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continued up to the ridge, trending north from Saulda peak. The eastern boundary
of this gneissose rock runs a little east of north to beyond Dokri, from the point just
mentioned. This boundary is as difficult to unravel as the western boundary, for
the uniform Bawars show but little dip, except where they rise in escarpments, or
when schists come in among them, and even then thea results are discordant,

With regard to the gneiss itself, its foliation planes, when visible, are roughly
horizontal just as the Bawars are. It will thus be seen that stratigraphically no
position can be assigned to it from the evidence before us, for it is not known
whether the boundaries are natural or faulted ; and, from the nearly horizontal dip
found in every exposure, an average actual dip cannot be deduced. Then again,
I have no evidence to bring forward as to whether the rock, provisionally named a
gneiss, is by origin a gneiss or a granite. Petrologically it is identical with the rock
of the Chor mountain, which has received much attention from Indian geologists,
That rock, by Colonel McMahon’s microscopical evidence, and by the still more
convincing evidence of large and numerous included fragments of schist and
quartzite found by Mr. Oldham and myself during the season’s work of 1883-84, is
by origin a granite; but whether the same can be said of this rock depends on
how far an exact likeness between two rocks of this kind is to be deemed conclu-
sive of their identity. At the same time, though willing myself to withhold judg-
ment until more extensive mapping has been done, there is no doubt that the two
rocks in so far as their mineral characters go are the same. There are the same
quartz and felspar, with sometimes a predominance of the former; there are pale
and black micas; and there are schorl crystals, developed here and there, and
occurring abundantly in cracks and veins, just as they did in the gneissose granite
of the Chor. In some places I found a decomposed greenstone, probably a dyke
of diorite, in the gneissose rock.

From the east edge of the gneiss I crossed the ridge north of Saulda peak
and followed a tributary of the Banale river, west of Kanal. The whole of the
west side of this ridge was chiefly composed of the Bawar quartzites, showing no
evidence of dip, except a general horizontality. At the summit of the pass, and on
the east side, schistose beds came on, and continued until some inter-bedded
diorites and dioritic ashes appeared below them. Then came more schists, and
finally I struck in the stream bed a massive limestone of the Deoban type.

It will thus be seen that, on the east side of the gneiss, we have a set of outcrops
inversely arranged to those of the west side. The following will illustrate this :(—

WEesT. Schists and Bawar Bawar Schists and EasT.
Deoban igneous quartzites. | GNEISS. | quartzites. igneous Deoban
Limestone. | products. products. Limestone,

Now, the steep descent from the ridge into the tributary of the Banale, leaves the
impression that the approximately horizontal beds to the east of the gneiss rank in
order of superposition from the limestone below to the Bawar quartzite above ; that
is, we may assume an ascending series on that side of the gneiss from the limestone
upwards. The west side of the gneiss is not so clear, but, from the undoubted
identity of the quartzite with the Bawars there is the exact appearance there also of
an ascending series towards the gneiss.

A secmingly absurd corollary follows from this: We appear bound to believe
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in a gentle synclinal along the valley of the Kamalada, with the gneiss as the upper-
most member of the series1 Those readers who have followed the history of the
geology of the Chor mountain will see that we have here exactly the same apparently
unsolvable problem that at first proved too much for every one in the case of the
Chor. It is true that we now have a partial answer in the case of that mountain
inasmuch 8s it is certain that its material has been in a condition of aqueo-igneou;
fusion sufficient to allow of its tearing off fragments of the neighbouring rocks
among which it was intruded, and enclosing them in its substance, but we cannot
assume the same explanation here until the same proofs in this case of included
fragments, and the evidence of the microscope have been brought to bear on the
question in this locality. Later on, I shall have to mention Kalogarhi mountain in
British Garhwal, an isolated peak, also composed of this gneissose rock, and present.
ing in its neighbouring relations very much the same features. It also, at first, ap.
pears to lie in a synclinal, as a capping on the summit of the hill, and in many ways
it may be looked upon as a minjature Chor. The explanation of the Kalogarhj
rock rests, however, on the proved great age of the schistose strata amongst
which it lies: although the schists there have the appearance of being the highest of
the neighbouring formations. The proving of this involved much labour and time,
neither of which could be given to the Rama Serai section on account of my rapid
movements.

Returning to the section down stream in the Banale river, we have the spur from
the main ridge running towards Shishalu and dividing the
upper branches of the Banale river, showing distinctly the
various outcrops of the schists and the limestone as they appear to dip in towards the
mountain and at a much higher angle than met with heretofore. The bed of lime-
stone is not by any means thick, but between Shishalu and the ridge running east
from Saulda peak, and between the last point and Palaita the thickness varies very
much, becoming less as the outcrop is traced south by the last-named places to the
Jumna. Beyond Palaita I could not see where it went to, but its line of strike from
that place would carry it very well to join up with the Deoban limestone of Jaunsar
near Lauri.

At Bigrar village (not marked on the map), which is half a mile above Delty,
the limestone beds have come to an end, and we come upon
grey shaly slate dipping about 20° north-west. After a short
thickness of these there comes beneath them a thin bed (not more than 60 feet) of
Another gneissose rock a dark, micaceous, gneissose rock, ﬁnel)-r foliated, and of

" very different aspect to that on the other side of the Saulda
ridge. Of this, and other rocks collected during last season, L hope to make a thorough
microscopical examination later on; I can now only say that the quartz is present in
large quantities, showing the polysynthetic structure so common in gneiss of other
parts of the Himalaya examined by Colonel McMahon! No fluid or other cavities
can be seen. The felspar is not so abundant as in a typical granite or gneiss,
occurring in less quantity than the quartz ; it is decomposed almost beyond recogni-
tion. Biotite is fairly represented, and there are a few ncedles of apatite. Whether
the rock is an intrusion, or is metamorphosed i sitx, is a question I cannot answer

Deoban limestone.

Shaly slates.

See Records, Vol. XVI, p. 144.
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by any direct evidence. Its regular appearance bedded with the other rocks, and
its lateral continuity between the stream and the ridge east of Saulda peak along the
strike of the rocks, favours the idea of its being a trne gneiss, and not a foliated
granite; but, on the other hand, the selective metamorphism required to pick out a
bed 6o feet thick and make it a gneiss without altering the surrounding rocks
relatively at all, seems incredible.

Between Kanal and Goldar there come beneath this gneissose bed olive-grey

_ i quartzites, blue-grey quartzites, and finally slightly schistose

’cg‘s’?:::‘g:&'f slightly  glates, all dipping about north-north-west 50°. From Goldar

to Jeshtar, and the ridge east of Saulda Peak I re-crossed

over the same set of beds. I then descended towards Cheli; the latter part of the

descent being entirely upon the slightly schistose slates, which in some cases became
very micaceous and soft.

Having crossed the Jumna at Barkot I took up the stream south-south-east from
there, and for the first mile I passed over much the same
kind of rocks, but not very schistose, the dip being irregular,
Then came fragments of a granitic rock for about half a mile, though the nature of
the country prevented any good exposures being seen. It appeared to be a rock
related to the gneissose bed last described, but the foliation was not much marked.
Then came rather gritty, close, blue-grey slates, dipping 60° west-south-west. On get-
ting to the pass, about 6 miles from Barkot, which pass is north-52°east from Bouk
station, looking south into the tributary of the Bhagirati river there is still the gritty
slate dipping 20° west-north-west. Beyond the pass, in an easterly direction, the
ridge rises into a mass of the granitic rock, which also keeps to the higher parts of
the spurs running down into the tributary of the Bhagirati river as far as a point
east-south-east from Bouk station, where there is a sharp line of junction (probably
a fault) running north-east between it and a massive blue-grey limestone. The
lower parts of the same spurs are composed of the slaty rock, and some few gritty
beds, with a general dip 30° or 40° west-north-west near the pass. The dip gradu-
ally veers round more to the west, and finally becomes south of west as Darng is
approached. The limestone, which resembles the Deoban, only crosses the stream
bed a little way, and is then cut off in another direction by & fault striking south-
east almost in a direct line between Bouk station and Darng.

Returning to the granitic rock, the quartz in it is abundant, in large grains, and
with no polysynthetic structure. Numerous strings of liquid cavities, and dust of
opacite ramify through the quartz grains. The felspar is in the same condition as
that of the Banale river gneiss. The mica is biotite as before, sometimes dark
brown, but often quite black, and opaque in thin slices. The granitic mass in its
upper parts seemed to change somewhat in nature and take on a rather more dioritic
appearance. I was disposed at the time to think that it was indeed a gradual change
in the minerals, but I had not time to stay and work all round the mountain. Speci.
mens from the top of the ridge due east from Bouk station are almost certainly a
diorite though the rock has not been sliced yet.

Continuing down the tributary of the Bhagirati near Gewla and Darng we find

the same gritty slates and quartzites of dull grey colour dipping towards the south-
south-west, at 45°.

Gneissose granite,
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It is near where the stream enters the Bhagirati that a change takes place, and
Purple and green shi- lhz'a dull coloured slates and grits give way to a set of
very states and quartz-  shivery slates of purple and green colours. These weather
ites. into a violet, or pale green powdery rock, which forms
steep taluses on the river banks. There are some quartzite beds incorporated
with them, and a few conglomerates near Upu (sheet 66). How this change sets in
I did not observe, as the structure of the lower parts of the valley is much obscured
by recent gravels extending up to a height of 300 feet or more on each side of the
Bhagirati, and through which it has cut its course. The general dip is south-wes;
or north-east, apparently rolling about a good deal, first in one direction and then
in the other. The appearance of the beds, the nature of the conglomerate, their
colouring, and especially the way they weather, forcibly reminded me of the beds
scen on the road to Chakrata, near Kalsi, in Jaunsar. The whole of the fair valley
of the Bhagirati down to Tiri, and probably beyond, is likewise composed as de-
scribed, the uniformity being due to the recurrence of the same beds by repeated
foldings.

At Tiri I left the Bhagirati river and turned east up the Bheting river, making as
direct a line for Pauri as possible. As far as Nurni there does not seem to be any
malerial change in the rocks, but looking north across the Bheting towards Kytiba and
Kireh trigonometrical stations, a set of thick-bedded quartzites can be detected con-
stituting the rugged sides and summits of those peaks. Half a mile or so north
of Nurni and Koti, the same beds were traced by me running up from Ushunna
along the ridge south-east and east towards Maniknath. In their lower part there is
a limestone, dark blue, and resembling those already mentioned in this paper. Itis
only a hundred feet or so in thickness. A mile and a half east of Koti the junction
between the slaty beds and the quartzite is seen on the pass leading over into the
afffuent of the Alaknanda river. Here, too, are some diorite and dioritic ash near the
junction, and no limestone. There is also a change in the lower slaty series at this
place; they lose the bright tints hitherto possessed and become more like the
sombre tinted rocks that we had before entering the Bhagirati ; that is to say, they
are grey, and slightly schistose. They also have a nearly vertical dip south or south-
west, On the left bank of the affluent, some distance above the road, the limestone
and the quartzite were traced as far as Kunnali, but below this, on account of the
dense vegetation of creepers, &c., nothing more could be seen of them. I should
mention that this quartzite is of exactly the same type as the Bawars, a sirong
clear-grained quartzite, approximately horizontal, and apparently capping the heights
and the ridges unconformably, It is evident, however, that having lost touch of the
Bawars so long since, no reasonable correlation can be made in this case. The
whole of the south-west side of the stream bed east of Chandabadni mountain down
to Gar (Gur), is remarkable for the effect that the vertical or nearly vertical dip has
had on the carving out of the hill-spurs: they are like a number of sharp pyramids
rising one behind the other in very beautiful succession. The rest of the way to
Jarkni on the Alaknanda is over the same kind of beds.

From Jarkni I crossed the Alaknanda, and arrived in British Garhwal, where

I at once set 10 work to find a place suitable for commenc

British Garhwal. ing systematic mapping operations.
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PARrT II,

It will now be useless, or at least unnecessary, to continue the narrative form
of this paper.. Instead, I shall endeavour to put in a somewhat brief manner the
results of numerous traverses, and counter-traverses, over a geologically compact
bit of country, lying nerth and south between the Sub-Himalayan boundary and
the Nyar river, and east and west between the Ganges at Hardwar and Ghungti
mountain.

This portion of the Himalaya has proved interesting geologically in two ways,
In the first place, it was there that I came unexpectedly upon outliers of num-
mulitic and mesozoic strata, which I traced, as stated in my previous paper,? into
conjunction with beds of the same age, long ago noticed by Mr. Medlicott as exist-
ing in the Tal and Bedasni rivers.? In the second place, the remarkable positions
which they had assumed with reference to other rocks of the district raised momen-
tous questions in physical geology, very much akin to what have been satisfactorily
answered of late years in the Durness-Eriboll district of West Scotland.®* These for
some time proved a stumbling block to me : for, much as the solution of the Highland
question tempted me to readily interpret this district by a similar line of reasoning, I
felt that no real knowledge would be gained unless I could prove the case here on its
own merits alone. This I have been able to do.

The small-scale map (%4 inch to the mile) accompanying this papengives the
nearly completed results of my mapping of the ground, whilst the large-scale map
(1 inch to the mile) of the north-west corner of that district is the one to which I shall
refer for proofs of the interpretation which I shall submit.

In my previous paper I have already indicated the petrological characters which
the rocks present. With regard to their chronological order I will at once anticipate
what I shall subsequently prove, by giving a table, which differs from what I pre-
viously drew up by the relative positions of the Tal (mesozoic) and the massive lime-
stone being interchanged.

Table of formations (in descending ovder) in W. British Garhwal.

SuB-HiMALAYAN . | Upper Tertiary . | Soft, yellow, micaceous sand-rock and sand-
stone, few conglomerates, and purple clay
bands.

NumMmuLiTIC . . | Lower Tertiary + | Sombre-tinted purple and olive and grey shales,

with bands of earthy limestone, containing
fossils, and soft dark brown sandstone.

Y A fossiliferous series in the Lower Himalaya of British Garhwal, Rec. G. S. 1., Vol.
XVIII, pt. 2, 1885.
' Mem. G. S. [, pt. 2 Vol. I1I, p. 69, 1863.

" 8 See Prof. Lapworth’s “Secret of the Highlands,” Geol. Mag., 1883. Also Messrs.
Peach and Horne ** On the Geology of Durness and Eriboll with special reference to the High-
land controversy.” Nature, XXXIII, 1885, p. 558.

D
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Table of formations (in descending order) in W. British Garhwal—contd.

TaL

Mesozoic . .| Upper Tdl.—Indigo coloured calcareous grit
usually oolitic; full of broken fossils. The
rock might often be called a limestone, but
it is never without the sandy basis
Lower T4l.—Strong sandstone of millstone.-
grit type; quartzites, &c., few quartzose con-
glomerates; a black carbonaceous shale, 1 foot
thick, with plant impressions, occurs in the
Sour-gadh.

MASSIVE LIMESTONE | Age unknown , . | Dark, blue-grey, fairly pure limestone; thick
bedded ; without fossils. It resembles either
the Krol or Deoban limestone,

PURPLE SLATES AND Ditto . . | Slates, bedding and cleavage coinciding, usually
VOLCANIC BRECCIA. coloured a ruddy or inky purple, but some.
times grey.

The volcanic breccia is an angular clastic rock,
with no rounded fragments. The material
is coarse or fine, and is made up of slates,
quartzites, and limestone, with very rare frag-
ments of igneous rocks and schists,

S -HISTOSE SERIES . Ditto . . | Phyllites, quartzites, quartz-schists, schists, and

garnetiferous  schists, with intrusions of
gneissose granite.

Without perplexing the reader by detailing the array of difficulties which
presented themselves to me at different stages of my work, I will at once come to
the main difficulty, in the right understanding of which all other minor questions are
bound up.

If reference is made to the { inch map, the eye will at once grasp the fact that
there is a central elongated area composed of the schistose series and which may be
called the “Inner formation ;" whilst surrounding it on all sides is a zone of all, or
some, of the formations from the nummulitics down to the purple slates and volcanic
breccia. These may be called the ““ Outer formations,” in contradistinction to the
schistose series. Now the belief which is at present so rapidly gaining ground that
metamorphic strata are presumably older than unmetamorphosed strata makes one
at the first glance assume & strong probability in favour of the inner schistose series
being of much greater age than the outer zone of formations. But no sooner has
this @ priord probability obtained a firm hold of the mind thana rude shock is given
to it by the discovery that at every point round the schistose area the Outer form-
ations appear to dip towards and under the schistose series at steep angles (50°—60°
generally) ; whilst the schistose series itself is dispos=d apparently in the form of an
elongated quaquaversal synclinal upon the top of the Outer formations, and culmi-
nates in a capping of gneissose rock on the summit of Kalogarhi mountain (locally
known as Kalan Danda), the highest point of the neighbourhood.

In other words, the observer after a hasty examination is almost driven to the
conclusion that there is an upper metamorphic series lying normally upon the com-
paratively unmetamorphosed zone of Outer formations (a counterpart of the opinion
long held with regard to the strata of the Scotch Highlands).
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But in one respect the geological structure in this part of Garhwal is unique, §0
farasI know. The appearance of the Outer formations underlying the schistose
series is not confined to one line of country, but is equally noticeable at nearly every
pomnt round the margin of the Inner formation, whilst up the Huil and Rausan
rivers offshoots of the Outer formations appear among the schistose series, fitting in
with them more like a piece of gigantic inlaid work rather than lying as unconform-
able outliers upon them.

When 1 commenced field-work last season, I was in a complete state of un-
certainty as to which way to interpret the sequence of the rocks. On the one hand,
I was exceedingly loth to believe that an enormous thickness of phyllites, schistose
slates, schists, and even garnetiferous schists could normally belong 1o an era subse-
quent to the deposition of the ordinary slates, limestones, and sandstones of the Outer
formations ; whilst, on the other hand, I was equally averse to straining what then
seemed to be the plain facts of the case in order to draw up a more plausible strati-
graphical table. Besides, Mr. R. D. Oldham’s work in Jaunsar Bawar! and
Mr. H. B. Medlicott's? at Simla had already shown the extreme probability of an
upper and comparatively younger schistose series normally overlying slaty and
calcareous strata ; and I could not of course neglect telling evidence of this kind,
although so great a span of country lay between their working grounds and mine.

I was also in a state of uncertainty with regard to the Outer formations them-
selves ; for they by no means preserved a uniform relation to one another; so much so
that my first statement that the massive limestone overlaid the Tal beds has had to
be discarded and reverse positions assigned to them.

The most pressing difficulty then was that of stratigraphical succession. Although
the superficial relations of certain rock-series to one another had been made tolerably
clear, it was not manifest which of them was really the newer, and which the older;
inasmuch as sometimes they appeared in one order of superposition, and sometimes
in the inverse order. In other words, the problem before me was 1o unravel their
order of deposition in time, from conflicting appearances, due to disturbance of the
strata ; for, in a region of true mountains, it is not enough to see one set of beds dipping
beneath another set; but in every case the question must be put—is this the normal
order, or is it an inverted order?

The presence, or absence of fossils, makes all the difference in the ease with
which such a question is answered ; though a single fossiliferous series is not
sufficient by itself. But when two or more definite fossil horizons are fixed, among
a set of formations roughly coinciding in dip; the sequence in time, evinced by
those horizons, will necessarily proclaim the true time sequence of the whole.

Applying this principle to the comprehension of the problems before us, it was
imperative to find out how the presence of the two distinct fossil horizons of the
nummulitics, and the mesozoic Tal beds, in a region where the other formations are
unfossiliferous, would help in settling the true order of those associated unfossilifer-
ous rocks : whilst it was extremely probable that if the Outer formations were once
chronologically arranged, a clue would be obtained which would fix the age of the
schistose series. Until recently, the unfossiliferous formations had not been met with
in such fortuitous conjunction with the fossil-bearing series as to enable me to

! Rec. G. S. 1, Vol. XVI, 1883. 3 Mem. G. S. L., Vol. 111, 1863.
D2
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rightly deduce their true stratigraphical order, but the ime has now come when |
can speak with certain!y on this point, and I can throw the whole of the surata of
Western British Garhwal into- comprehensive groups, arranged in true historical
succession (see table of formations).

Within the confines of this paper I shall merely endeavour to show how I have
arrived at my conclusions, by reference te the geology represented by the accom-
panying maps and sections.

Referring to the 1-inch map, it will be seen that within the general curve made
by the Ganges there are a set of boundaries, marked as faults, each roughly parallet
to one of the reaches of the river, and, in result, giving a compound boundary some-
what resembling the course of the river. Within this boundary, except for a narrow
band up the Huil river, the rocks composing the Inner formation agree in being
very compact purplish quartzites, without much granular structure visible ; glossy-
surfaced slates, generally slightly purplish, or considerably metamorphosed into
schistose slate, and schists. On the other hand, outside the boundary there are fairly
regular groupings of the Outer formations, »:z., the nummulitics, the Tal (mesozoic),
the unfossiliferous, massive, blue-grey limestone and the purple slates and velcanic
breccia.

The first point to which I would call attention is that the order of superposition
(whether a true order or not) of the Outer formations, up the Ganges valley, is from
the purple slates and ashes below, up through the massive limestone and the Tal to
the nummulitics, which are brought to a check by the boundary (see sections AA, BB).
Now, in order to discover whether this order is a normal or inverted order, we must
reason in this way. The nummulitics being by their fossil contents of later age than
the Tal beds, which are mesozoic in age, it fellows that the apparent position of the
latter, dipping underneath the former, represents the true original sequence in which
they were deposited. That being so, the dip of the massive limestone beneath the
Tal beds must also be an original true dip; and likewise that of the purple slates
and ashes beneath the limestone.

Thus, the present arrangement of the group of Outer formations, as seen near the
bend of the Ganges at Lachman-jula, from the purple slates and ashes up to the num-
mulitics, must be the original historical one; and so part of the previous difficulty is
solved once for all.

Coming now to the nature of the boundary between the Outer and Inner
formations, and the question of their relative positions: itis certainly, at first sight, a
most astounding coincidence that the QOuter formations in nearly every locality
should persistently dip towards the presumably older schistose series; especially
when we have just learnt that the Outer formations, among themselves, are in a
natural order. This occurrence, so marked in many places, and the lie of the Outer
formations completely encircling the schistose area, make it difficult to get rid of the
first impression already alluded to that the whole is a synclinal trough, with the Outer
formations below, and the Inner above. One seems almost driven to conclude
that if a boring were sunk through the centre of the schistose area, we should
inevitably strike the Tal beds below. The very often curved direction taken by the
boundary between the Outer and Inner formations, whereby it wanders irregularly,
sometimes even V-ing inwards with the inequalities of hill and valley after the man-
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ner of a moderate dip-plane outcrop, further enhances this belief; whilst the
apparent synclinal, into which the schistose series itself is thrown, seems to clinch the
matter. Indeed, if it were not for certain facts, which are at the same time pure
stratigraphical accidents, and some elementary reasonings, which might be passed
over, I venture to think that the above would be the natural and most plausible
interpretation of the features. But nevertheless these facts, not only render the above
interpretation unacceptable, but emphatically negative it ; whilst I hope I shall be able
to show that, owing to the exigencies of mountain structure, apparent anomalies of
the above kind are certain to present themselves.

First, as to the facts: in numerous instances, as the map testifies, the Tal beds,
dipping down against the schistose series, are not in direct contact with them ; but
there is an intermediate deposit of shales, clays, and earthy limestones of nummulitic
age, which also, in like manner with the Tal, dips down against, and apparently
under the schistose series from several sides. And I wish it to be understood
that this statement is no general one ; but the two widely distinct rocks, namely, soft
shales, and highly metamorphic schists and quartzites are in ac/ual contact, without
any semblance of what could be called a transition rock. Thus, if the Tal beds in
reality continue beneath the schistose series, the nummulitics, where present, also
do the same: that isto say, a soft, shaly, tertiary rock, not only must lie as a foinda-
tion on which the schists are piled, but also must be beneath them in direct contact,
To satisfy a condition of this kind the most glaring case of selective metamorphism
would be totally inadequate ; it results then that the schistose series must be older than,
and therefore normally below the whole of the Outer series, including nummulitics,
Tal, massive limestone, and the purple slates and ashes. The preservation of the thin
deposits of nummulitic age may be called a stratigraphical accident, but the key it
gives to the chronological order of the Outer formations, renders any other interpreta-
tion of the above impossible.

But if this is so, the false position of the Tal beds and the other Outer}formations,
where present, cannot be looked upon as nothing but a coincidence ; there should be
some inherent necessity for such a steadily anomalous position, a position of being, so
to speak, tucked in all round under the margin of the inner and older formation, a
necessity due, probably, to the exigencies of mountain structure. Ithink the following
considerations will make clear what this necessity is. During the deposition of the
nummulitics, the whole of that portion of the Himalaya where they now exist, must
have been beneath the sea. Between then and the present time they must have been
raised into a mountainous tract ; and from the inclined position of these same tertiary
beds we conclude that the cause which tended to raise the hills.into existence was a
lateral compression, acting chiefly south-west and north-east, though complicated
to a certain extent by compression in other and opposite directions. Whatever
be the immediate cause of this lateral compression, into a discussion of which there is
no call now to enter, it is sufficient for present purposes to notice thatits effect was to
urge the crust of the earth to take up less horizontal space than before. This could
only be brought about in two possible ways ; namely, by corrugation and,by faulting.
That the former actually took place, we have abundant evidence; and that the
latter, 1z., the snapping and tearing of the strata, whereby faults would be pro-
duced, also happened, we can well believe.
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But if we now enquire as to what sort of faults would be produced, we shall be
obliged to own that only such as could enable the strata to take up less horizontal
space, in compliance with the lateral pressure, would be of any service in relieving
the state of strain. From this we see that a vertical fault, having no effect of this
kind, would be of rare occurrence. On the other hand, a reversed strike-fault, inclined
at some angle with the vertical, would not only relieve the constant strain and bend-
ing of the rocks, but would directly contribute to the horizontal compression of the
region by allowing the rocks on one side to work up over those on the other side ;
thus increasing the vertical thickness of the earth’s crust at the expense of its hori-
zontal extension. There being such a manifest relief accruing from such faults as
these, it is but natural to suppose there would be a strong tendency to their formation.
But their direct consequence is to bring about stratigraphical complexities of precisely
the kind we have to deal with, by forcing older beds over the top of younger forma-
tions. On the other hand, a fault with the down throw toward s the hade would obvious-
ly increase the horizontal extension of the rocks, and there could be no predominating
tendency to its formation in a tract of country subject to great lateral compression.
It seems, indeed, impossible to imagine them occurring in any mountainous tract,
other than some few mountains due to great vertical elevation ; exceptas dip-faults, or
as secondary results due to local and intermittent relaxations.

There is thus a good & priori reason for expecting to find reversed strike faults,
and them alone on a large scale, in the district under discussion. But that the
boundary of the Tal beds with the schistose series should be so persistently a reversed
fault on the dip side, an uninjured synclinal of the younger rocks scarcely ever (in
only one instance that I know of) being preserved, does seem a little remarkable,
until we remember that the Tal beds, save for the slight capping of nummulitics,
must have been the uppermost rocks at the time when the elevation consequent on
the lateral pressure began, and therefore it would only be in very favourable condi-
tions that any trace of them would survive from the rapid denudation consequent on
emergence from the sea and subsequent atmospheric waste. Simple folding would
no doubt tend to bring this preservation about by allowing the anticlinal folds to be
swept away whilst the synclinals were saved by being depressed below the action of
the denudation agents ; but it would not give results so decisive as that ultimate phase
of a synclinal! (in combination with an anticlinal) developing a thrust plane, or re-
versed strike fault; whereby the Tal beds, and in some cases the nummulitics, would
be actually thrust and buried under a capping of older beds ; and so protected by
them from all subsequent wear and tear of denudation. We are obliged to admit, from
the evidence before us, that the synclinal, except in one instance, was found insufficient,
and the sigma-flexure and reversed thrust plane sufficient, for their preservation; and
in believing this we shall do no violence to thought, and the apparent remarkable
coincidences become reasonable necessities.

A certain additional weight is given to these conclusions, when we remember that
the position of the Siwalik and other upper-tertiary rocks with regard to the Outer
formations, where they front the plains, is exactly what that of the Outer formations is

1 Called a sigma-flexure, fold<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>