[ Frox “ REcorDS oF THE GEorLoatcAl Suavey oF Inprs,” No. 3, 1877.]

et 1737 & e s A48 =

Nore oN THE. TBBTLABY.ZONE AND UNDEBLYING BOCKS IN THE NORTH-WEST PANIAB,
BY A. B. WennE. F.G.8., Geological Survey, India.

THE object of these notes is to give some account of the westward continuation of the
tertiary band which forms the subject of Mr. Medlicott's paper on the Jamd Hills
(Records, Vol. IX, p. 49), and is also referred to in Mr. Lydekker’s paper on the Pir Panjél
(same volume, p. 155).

Both of these papers deal with the tertiary rocks about the valley of the river Jhelum

and to the south-eastward of that region, while I propose to consider those forming the Riwal-
pindi plateau and stretching westward to the Afghan Frontier.*

* DBesides the two special papers mentioned, there are several others, amongst which those included in the
following condensed list are of more or less importance, each containing some fnformation about the district :—

1. Vicary ... Upper Panjib and Peshawar ... Q. JL Geol. Boec. Lond., Vol. vii,, p. 38,

2. Fleming ... Salt Bange ... Jl. As, 8. Beng., Vols. xvii—xxii.

3. Theobaid ... Ditto ... Ditto do. do., Vol. xxiii, 1854.

4. Ditto ... Chelonian from Potwar ... Records, Geol. Sar. Ind,, Vol. x, pt. L,

6. Falconer ... Terty. fossils of E. Salt Range, &c. ... JL As. 8. Beng., Vol. xxiii, 1854,

8. Murchison ... Balt Range ... Q. JL Geol. Soc. Lond,, Vol. ix, p, 89,

7. Verchere and de Verneul Himalaya and Afghen Mountaing .. JI. As. 8. Beng., Vols. xxxv and xxxvi,

8. Lyman ... Report on Panjdb Oil-lands ... Public Works Dept.; Lahore, 1870.

9. Wagen ..o Carboniferous Ammonites, Salt Bange Mem, Geol, Sur. Ind., Vol. ix, pt. 2,
10. Ditto « Maurree Hills ... Becords, Geol.Sur, Ind., Vol v, pt. 1.
11. Warth ... Salt Range ... Beports, Inld. Revenue, 1869 et seb.
12. Waagen and Wynne ... Sir Ban Mountain ... Mem, Geol.'Sar, Ind., Vol. ix, pt. 2.
13. Lydekker we Tertiary Memmalia ... Records, ditto ditto, Vol. ix, pts. 3and 4.
14. Ditio e New Vertebrata (a) ... Ditto, ditto ditto, Vol. x, pt. 1.

15. Ditto - Ditto ... Pal, Indica, Vols. 1 & 2, Ser, x-2.

16, Wynne .. Upper Panjab (b) .~ w. Q. JL Geol, Soc, Lond., Vol xxx, p. 61,
17. Ditto .. Trans-Indus Salt Region (c) ... Mem, Geol, Sur, Ind,, Vol. xi, pt. 2.

18. Ditto ... Mt, Tilla, Salt Range ... Becords, ditto ditto. Vol. iii, pt. 4.
19. Ditto we Pt. of Upper Panjéb .. Ditto, ditto ditto, Vol.vi, pt. 3.
20, Ditto «. Maurree ... Ditto, ditto ditto, Vol. vii, pt. 2.
21. Ditto ... Kharian Hills ... Ditto, ditto ditto, Vol. viii, p. 48.

(a) In this paper a specimen of Myliobatis is said to have been sent by me from Kach: it is apparently from
Katwir on the Salt Range, and was, I think, collected by Dr. Waagen. '

(b.) Advantage may be taken of this opportunity to amend a few pasaages in this paper by knowledge since
obtained ; p. 62, the Siwaliks being miocene is now doubtful (Mr. Lydekker's papers, cit.). Table to face p, 63,
1ast column ; —the Tagling limestone is, according to Dr. Stoliczka, linssic ; but in comparing the Sir Ban section
with the Himalayan series it is placed as triassic, p. 64. The Panch limestone has been since thought carboniferovs.
not Krol, p. 70. The conjecture as to there being hill.-nummulitic beds near Uri in Kashmir was not supported
by a subsequent observation, p. 74. In the section at Dandli, the beds d3 have been found to overlie ¢l (Records
Val. ix, p. 53).

(e.) Alterations necessary from subsequent information are mentioned in Mr, Medlicott's paper on Jame,
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I do not at present intend to pass beyond the subject of the tertiary zome further than
to indicate briefly the rocks forming its supporting trough; and my notice of the newer
formations will require less detail, because the rocks of the Salt Region beyond the Indus
have been already described by me* as well as those of smaller areas in other parts of the
district,} while a Memoir on the Geology of the Salt Range is in the press.

I must refer to Mr. Medlicott’s paper, just now mentioned, for an account of the
important changes affecting the tertiary zome on its passage from the country in which
it was first examined by himself towards this district. Following out the geological
features, he finds nearly every stratigraphical peculiarity of the Simla area varish to
the west. Though the upper and lower members of the great tertiary formation continue,
the close identification of the intervening groups is still somewhat conjectural owing to
the changes referred to,

The discovery that the whole zone was subject to such extensive modification as.
the total disappearance of marked unconformities, great boundary faults dying out by
conversion into axes of contortion, or disappearing amid parallel stratification, was wanted
to reconcile the earlier observations made in the Simla area with my own later ones in
this district. The diversity of structure in the two regions will account for my having found it’
impossible to say which portions of the great conformable series in this part of the Panjab
represented each of the more clearly defined discordant groups of the Simla area; parti-
cularly as there is a prevalent general similarity throughout all the upper groups.

One of the local changes within the tertiary zone which may be analogous to the
lateral variation affecting the whole formation as it passes westward, is the almost total
absence of the very lowest beds of the sandstone series (as developed to the north) along
the southern or Salt Range side of the trough. On the Himalayan side the uppermost:
nummulitic beds pass by alternation into the lowest part of the Murree group. On the
Salt Range the junction is sharply defined, the parallelism of the stratification being the
same in both cases.

Borderiug this range there is a band in the sandstone series remarkable for the predomi-
nance of red clays, which, from its colour and nature, led me to suggest its being representa-
tive of the lower beds to the north. Below this zone, often close to the limestone, fossil
exogenous timber is frequently found associated with reptilian remains. Similar petrified
wood occurs in less quantity at a considerable distance upwards among the Murree beds on
the northern side of the trough and Trans-Indus; but the red zone of the north, if present
towards the Salt Range, is not sufficiently marked to be distinguishable. If this fossil
wood can be relied upon to fix an horizon, it shows that a large part of the basal sandstome
and clay series of the north side of the trough had died out in south and south-westerly
directions. ‘

In the Journal of the Geological Society of London,} I have discussed one of ‘he most
peculiar features of the country—the marked abnormal contact which forms the main northern
boundary of the detrital tertiary rocks: it is not a single continuous fracture, but composed
sometimes of several contiguous lines of displacement, amounting to more than ordinary
faulting, inasmuch as it is generally attended by strong inversion of the outer rocks; and
whether the grouud it traverses be at an elevation of only one or of six thousand feet,
nearly the same group of the upper nummulitic beds is always exposed along its southern .
side. On the other side of the line both nummulitic and Jurassic formations are in
contact with these upper beds, which occasionally transgress its limits.

* See Nos. 17, &e., of list, t See No. 16 of list.
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From its evident connexion with the Himalayan hills, T have attributed this abnormal
contact to the out.thrust of the mountain' mass on settlement, producing complicated
inversion or oblique displacement. Although I do mot think there is concealed unconformity
present between the nummulitic groups on each side, I am not prepared to say there is
absolutely none, nor can I venture to decide at what post-eocene period the dislocation
took place.

The sub-division of the upper part of the great tertiary zone to the east has been
carried out chiefly on the basis of slight lithological differences, or marked physical breaks,
without collateral aid from the fauna so long known to exist abundantly in the newer
beds. In this western district, these breaks being absent and fossil bones and teeth occur-
ring also ab lower stages than the usual horizon, the separation of groups has been still
more tentative. It remains to be seen how far these divisions may be supported by palzon-
tology, for the stratigraphical distribution of the fossils has not yet been fixed.

Amongst the lowest tertiary beds, the greater limestone groups of this district are
conspicuous. The intervening band between these and the sandstones, &c., has been identi-
fied as Sabithu (in part), but the upper members of the .t:riple Sirmur group, peculiar
to the middle Himalayan area, have their nearest equivalent in the “Murree beds,” transi-
tionally overlying the upper nummulitic rocks here. The higher portion of these Murree
beds would also seem to occupy the place of the Nahan group, and they pass upwards
into the Siwalik sub-divisions, continuous with those of the adjoining Jami country.

The lacal characters of each of the four large nummulitic areas of this country present
themselves strongly : the great limestone covering the Salt Range differs entirely from the
even more largely developed nummulitic limestone of the outer Himalayan hills, and the
upper transitional nummulitic group on that side of the basin shows both affinities
and differences compared with the limestones beyond the Indus. These last are distinguished
from all the rest by their close association with the great rock-salt deposits of that country
and its overlying gypsum, a rock, however, frequently occurring in smaller masses among the
upper nummulitic beds conterminous with the outer Himalayas.

The question has been raised whether the whole of the great nummulitic limestones of
this country are not merely equivalents of parts of the Sab&thu zone of the Simla and
Jami areas.* I have concluded that these massive limestone groups occupy a lower place
or places in the series than the variously-coloured and mixed calcareous and earthy (Sabathu)
deposits, for the following reasons:—These beds of limestone, clay, and sandstone (here
recognised as Sabathu) enter and leave the district as a more or less distinct band, external
to the hill nummulitics, and passing into the overlying sandstone and clay series. These
mixed beds, as an assemblage, differ from the mass of the limestones on the inner side
of their boundary-fault or line of abnormal contact. That feature and the disturbed
condition of the ground prevent the sequence from being seen, but towards the same side of
the trough, in the Khaire Mdrut ridge, I have found a section at a place called Chorgali
clearly showing the whole of the local upper group resting conformably upon the more
massive and clearer limestone of the older part of the series (see p. 118). Both groups being
present in the same section, one cannot be the representative of the other.t

* Messrs, Medlicott and Lydekker’s papers alluded to at commencement.

+ Accepting Mr. Wynne’s use of the term *Sabathu,” any acgument in the matier would be needless, for it is
perfectly evident that the coloured and mixed deposits west of Murree to which he restricts the word “ S8absthu ” do
overlie, and cannot represent, his hill limestone, But this name is one of our oldest Indian group-names: for
many years the name  Bubitbu *’ has stood to mean the nummaulitic rocks of the outer Himalaya; and in its typical
region, and very well marked through the Jamd hills, there is a bottom band of clear limestone uuder the coloured
clays, and having, if possible, a higher claim to the pame than they have, It has been reasonably suggestod
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The fault or contact-line, by its existence, proves the same thing: if there be displace-
ment, the groups on each side cannot be exactly identical: if no displacement, there is no
room for lateral transition ; and if there should be unconformity, the groups must be even more
distinct. The great limestones overlie, with conformity, actual in the Salt Range and apparent
in the northern hills, cretaceous and Jurassic rocks, a relation in which the upper nummulitic
beds are never found ; on the contrary, these are united by intercalation with post-nummulitic
rocks.

Notwithstanding, there are places in the other areas in which a certain resemblance
to the upper nummulitic character is found. The Salt Region beyond the Indus is one of
these, and at the eastern end of the Salt Range (near some typical “Murree beds™)
there are a few layers at the top of and above the nummulitic limestone which have an
“upper " aspect.

Some of the local distinctions between the four nummulitic areas above mentioned coin-
cide with marked variety in the facies, the size, or the abundance of their fossils. I am
unable to state how far specific differences may exist, the collections not having undergone
pal®ontological examination ; ut the impression of both vertical and horizontal distribution
was gathered in the field. If this be the case, the conditions of one province may have
invaded another, and thus blended the characters of deposits, generally contemporaneous no
doubt, though perhaps not strictly synchronous one with another.

All the tertiary rocks under notice are, so far as is known, conformable and consecutive.
The most distinct demarcations between the different groups occur :—at the top of the Salt
Range nummulitic limestone where in contact with the Murree beds; and, between the upper
and lower nummulitics, by reason of dislocation, at the northern side of the trough.
Beyond the Indus the upper boundary of the limestone is frequently as distinet as in the Salt
Range, but there are also obscure indications of transition by alternation upwards. All the
other junctions are more transitional and indefinite. To such an extent is this the case, that
it is impossible to say exactly where the change took place between the older marine and the
newer fresh-water conditions.

Although stratigraphical conformity is obvious throughout the tertiary series, there are
traces at several horizous of local breaks not otherwise apparent than by the presence of
derived pebbles belonging to older portions of the same series, in some instances accompanied
by small fragments of still earlier rocks. It is only atthe upper limits of the Salt Range and
Trans-Indus limestone that these derived nummnulitic and other pebbles are coincident with
the boundaries of any of the sub-divisions; they are elsewhere not limited to particular
horizons.

A sketch map of the country herein referred to is annexed. It is on the same scale
as that to accompany Mr. Medlicott’s paper, and has the same colouring for the tertiary
groups, the distinction now suggested of upper and lower nummulitics being also indicated.
Both maps, joined at the meridian 749, will convey & comprehensive view of the tertiary
region of the Upper Panjéb.

PHYSICAL FORM OF THE GROUND.

The space referred to in this paper may be spoken of as lying between the Salt Range to
the south and the outer Himalayan hills to the north, and extending from the river Jhelum

that: this rock specifically represents the * Hill limestone ;” and that its greater development to the west may have
so taken place, that, partly at the expense of the upper deposits, the two would be in part representative of
each other in the different regions, But this latter part of the conjecture is quite independent of the former, which
searcely admits of question: if the distinction of an upper and a lower nummulitic zone holds good, as is not
unlikely, it will have to be carried out in the Jamd bills as well as in Hazirn.—H, D. M.
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westward across the Indus to the Kohét frontier. It includes the whole of the Réwalpindi
plateau, or “the Potwhr,” a name strictly belonging to an eastern portion of the plateau, but
sometimes used even by natives of the country in a more comprehensive sense.

This ground, having an area of about 7,000 square miles, forms an undulating expanse
edged by the northern slopes of the Salt Range, and lies about 1,000 feet higher than
the alluvial plains and desert south of that range. It appears analogous to the Diins
of the Southern Himalaya, and is in reality one of the most strangely broken tracts I have
seen, intersected by numberless deep, ramifying ravines called “Z%adera,” the rapid
extension of which is attested by the isolated remnants of the neighbouring *maiddn”
(or plain) included amongst them. The heads of all the streams not in the hills issue
from such a fretwork; and along the larger water-courses, though wide flats of auriferous
sand and quicksand form their lower levels, ordinary alluvial border tracts are rare.

From this plain or plateau rise a few reefs of bare rock, often only narrow, jagged,
vertical walls, and one more considerable mural ridge called “ Khaire Mrut” (over twenty-two
miles long and reaching to 1,500 feet above the adjacent country) runs west-by-south from
the neighbourhood of Rawalpindi.

The Murree hills, twelve to twenty-eight miles distant from the same station in an oppo-
site direction, culminate in heights of over six, seven, and eight thousand feet, declining in
successive nearly parallel ridges towards the direction of Jhelum cantonment. They have a
general south-west north-east trend, which is also that of most of their numerous, some-
times sinuous, axes of contorted stratification, the folds being most compressed northwards.
All the ridges are united by a zigzag subordinate backbone, forming the Cols, and rudely
.conforming to the adjacent course of the Jhelum.

Ridges at their eastern ends parallel with these, then bending more to the west, form high
mountains immediately north of the Murree hills. Towards the plateau they decline ; and the
Grand Trunk Road passes through gaps near their western termination at the Margala Pass.
Beyond these again rise the Hazéra hills, and the fine range of Gandgarh partly bordering
the Upper Indus.

From the Mérgala pass two ranges run westward south of Attock; gaining in eleva-
tion they unite to form the lofty Affridi hills overhanging Kohat; then passing south of the
Peshawar valley they culminate in the Khybur mountains and Suféd Koh of Afghénistdn.
The most southerly of these, called the Chita Pahér, edges the Réwalpindi plateau on the
north. )

In the Kohét district the part of the ground under motice presents a series of long
ridges, closely clustered, running more or less enst and west, often crooked and of varying but
not insignificant height. Viewed from the plateau, they assume the appearance of a con-
nected range. The valleys between these are for the most part rugged; but some flat cul-
tivable patches enhance the sterility of their generally treeless surroundings. A few high
summits occur near the Indus, and the whole clusier lies between the Afghén hills and the
Shingarh chains to the south.

The Salt Range which edges the Rawalpindi plateau southwards and is sinuously
prolonged Trans-Indus, in both places presents wild and mostly unfertile tracts. Cis-Indus
it forms a precipitous escarpment overlooking the “Thal” (or desert) and lower pla.ins.l
Further west, with numerous disturbances and dislocations, the northern inclinations of its
strata rise to steeper angles, and the stronger beds support a mass of tertiary rocks, whose
deeply serrated ontline, Trans-Indus, and the silvery sheen of its bare sandstone summits,
betray the presence of the upper tertiary series, making the Pushtu name Shingark as
suggestive in its half English sound as in its vernacular meaning of “Grey mountains.” The
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northward extension of these rocks, however, in the direction of the dip is interrupted by
faulting ; most of the lower ground and hills towards Kohat being occupied by older parts
of the series.

Drainage—Crossing this whole tract of tertiary rocks; the Jhelum river is a racing, rapid
torrent, hemmed in by mountains; the Indus (or Abba Sin), larger and more powerful, flows
from among lofty and picturesque ranges, across an expanding and highly cultivated plain,
till it receives the Liinda or Kébul river at Attock. It then cuts its way through every one
of three intervening ranges, and has formed for itself a deep narrow gulch through the rocks
of the plateau, running swiftly, with occasional rapids, until it reaches and escapes into the
lower plains at Kélabagh. The minor drainage of the district mainly seeks the Indus, some
smaller portion reaching the Jhelum. It is everywhere distinguished by its cross-country
character, preferring, in many cases, to intersect the hilly or mountainous ranges rather than
to follow the larger depressions of the surface. Even the Soin, the most considerable local
stream, rises in the hills at Murree, not very far from the Jhelum, yet wanders away west-
wards to the Indus, by a partof the plateau-land which itself sends afluents to the Jhelum river
through ridges of the Salt Range. The Haré, too, in the Hazira valley to the north, does not
take all that drainage to the Indus, for the Dore, which would otherwise form one of its upper
tributaries, turns aside, crosses through part of the lofty Gandgarh range, and finds thus a
shorter way to join the great river at Turbela. The Tiri (Teeree) Towey, another tributary of
the Indus, from the Kohét district, changes its course from one depression to another, inter-
secting the ridge between,

These peculiarities of the drainage tend to show that its course was initiated more directly
by agencies of elevation than by the results of atmospheric denudation acting, at different
rates, upon rocks of varying texture. The valleys of the ground are not always those of
the rivers; both are now valleys of denudation, but the directions of the streams were decided
by much older contours of the surface than now exist. The rivers have maintained their
courses, even though the wasting ageacies in carving out prominent features have at the same
time lowered the ““divides,” in some localities to hardly noticeable undulations.

The antiquity of the courses of the larger rivers Jhelum, Indus, and Kurram is proved
by the Himalayan transported detritus, brought to form late tertiary (Siwalik) boulder beds
and conglomerates, being thickest near their banks.* A later phase in their history is marked
by the occurrence of the same hard detrital and stream-worn blocks lying upon the adjacent
mountains at heights of about 2,000 feet above the present bed of the Indus;t and a still
later period of the river action is indicated by the same pebbles and boulders interstratified
with the superficial deposits of the country along this river. Such hard boulders now
form its bed at Attock, and are doubtless still travelling downwards from the Hima-
layan regions.

CLASSIFICATION.
The rocks found in the district may be classified as follows :—

Natural order.

l;;::;w:g?— }Conglomerates, pebble beds, silt and alluvium.
. Brown, drab, and reddish claeys, mammalian and reptilian remains.
Urrss Brwarta—Pliocene (Lydekker),! { Soft grey sandstones, conglomerates, and orange or grey clays. Mammalian

- 8bout 4,000 feet. remains, &c., not sbundant,

* This feature was pointed out for the Mid-Himalayan rivers loog since by Mr. Medlicott.

+ Over Kalabigh, and again on the Chita Pabdr (Mountain) near their highest elevations above Bag and
Choi. ' :

¥ Records, Geol. Sury, Ind., Vol, IX, p. 87,
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Lower (BRED AND aGREY)" Siwanik— ( Soft grey sandstones and brown or grey clays, slightly harder grey sand:
Pliocene (Lydekker), sbout 10,000 stones, many red clays; mammalian remains, bones, teeth, &c., locally
feet. abundant. Qssiferous throughout.

Harder grey sandstones, with soft zomes, red or purple clay. Fossile—
reptilian and other bones not numerous, some fossil wood. At Salt
Range, purple and grey hardet sandstones, red and purple’ clays, a few
green sandstones (locally) ; reptilian remains, exogenous wood, bones
scarce, and fragmentary teeth rare.

Moeeee Beps—Upper Miocene (Lydek-
ker), 7,600 feet average.

¢
i\
¢ Greenish-grey and purple sandstones, grey, olive-brownish, red and varie-
Upp et 800 feet gated clays with masses of rock gypsum. ZForaminifera, (nummulites,
&e.), Gastropoda, Bivalves, fossil mammalian bones occasionally, Crus.
Jr

I average. taceans rare,

Nuauorrrio—Eocene | In Salt Range, Trans-Indus, and part of Ohita Pahér. Whitish or
to Mlocene (Lydek- 3 usually pale limestones, coaly shales, &c., below. In Kohat district
ker). | are sandy limestones, olive shales, and red clays also, as well as gyp-

| Lower sum and rock salt. Fossils, Foraméinifera (Alveolina locally numerous),

Trans.-Indus 1,700
Salt Range 500 }Avemge 1.066
Himelayan 8,000

large Gastropoda, Bivalves, Echinoderms, &. Northern or hill num-
mulitic, grey limestone weathering pale, dark fetid limestones,
olive shales : Toraminifera,

Obs.—8eries paralle! and conformable from the pale limestones upward to top of Siwsliks. The boundaries of
the groups are transitional and indefinite,

The downward continuation of the series, so far as now known, includes the following'
formations : —

Southern or Salt Range series.

Cretaceous (f) ... ... Bandst , congl tic clays, shales,
Jurassio . Bandstones, limestones, oolite, &ec.

Triassic ... Limestones, shales, red sandstone and clays.
Carboniferous ... ... Limestone, sandstone, shale,

Speckled sandstone ... Sandstones, clays, conglomerate.

Magnesian sandstone s ... Dolomite, pseudo-limestone, shale, sandstone,
Obolus beds (Silurian) ... Dark, clunchy, shaly and sandy beds,

Lower or purple sandstones ... Purple sandstone, replaced by congl £
Gypseous series .., ... Scarlet marl, gypsum, rock-salt.

N. B.—The series differs at either end of the range by absence of, or changes in, certain groups.

Northern or Himalayan series.

Cretaceous we ... Limestones, some rasty and sandy.

Jurassie e ... Limestones, sandstones, black (Spiti) shales,

Triassic o ... Limestones, magnesian in part, shales, sandstones.

Infra-trinseio ... s e ... Siliclous und dolomitic breceia, shales, sandstones.

Silurian (?) Attock slates (azoic) ... Black and grey elates chiefly, limestones, magnesian in part, trap.. .
Metamorphic ... ... Part of the Attock slates usually slightly altered.

Crystalline ... Syenite-gneies, trap rocks, and granitoid rocks.

N. B.—Carboniferous rocks are unknown in the northern series of this district, but occur in Kashmir and to the’
east of the Jhelum (see Mr. Lydekker’s paper on Pir Panjal).

In describing the rocks belonging to the different tertiary groups, I shall follow what
is known or appears to be their chronological order, commencing with the earliest.

NoMmoLiTic LIMESTONES.

Hill Nummulitic beds.—Of the four local kinds of nummulitio limestone the oldest.
perhaps is that of the outer Himalayan hill region: its position and general aspect, with its
less fossiliferous character and the manner of its association with the mixed groups, are
points giving sufficient grounds for a strong inference that thisis the case. It is, generally
speaking, dark-coloured, feetid and massive, with nodular or lumpy bands, the whole
irregularly and locally interstratified with masses of brownmish,- olive or darker shales.
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Strong zones of paler grey splintery limestone also occur, and towards what appears to
be the upper part of the group, the limestone, though still darkish, weathers of a lighter
bluish-grey colour. Stratification is sometimes most plainly seen, sometimes mearly impos-
sible to detect, and disturbance, compression and dislocation have left the succession obscure.

Those beds overlying the next older rocks are either unfossiliferous or omly contain
black specks that may have been organic, with occasionally minute sections of discoid fora-
miniferous organisms, having a single tier of cells arranged as a helix; or else cross-sections
of another minute form less than semi-circular, with an obtuse angle midway opposite to the
curved side, subtended by three or four concentric chambers equally divided by a closely set
group of radial septa. I have only found this form in the lowest beds, and have not been
able to get it determined. In the shales much higher up in the group are sometimes
clumps of very small clustered and branched corals with occasionally numerous little Fora-
minifere (similar to the discoid form just mentioned) referred conjecturally by Dr. Waagen
to Rotaline.

Many of the limestones enclose nummulites, whose sections are generally small in size,
varying from that of the longest to the shortest diameters of grains of rice or wheat. The
whole assemblage of organisms in these hill-beds is distinguished by scarcity and minuteness
as compared with the other nummulitic rocks.

‘Westward, the darkest-coloured limestones are less common, the shales thinner and not
so frequent. Strong grey limestone, weathering lighter, occurs along the Chfta range ; still
the dark shaly variety, with lumpy bands and a few layers crowded with small oysters,
appears in the more central, northerly, and western parts of the range, also in the Niladb Gash
mountains beyond the Indus. Yellow ferruginous, magnesian-looking bands are occasionally
present, and there are black alum-shales in one or two places at the base of the series which
may be of an older formation. At one place (Choi), apparently much higher in the group,
is a lenticular pocket of bright coal and coaly shales, amongst the ordinary dark limestones
and brown shales. Thin carbonaceous shale also occurs locally between these limestones and
the Jurassic beds at Chamba Peak north of Murree, but are not constantin that position.

North of Nilab-Gash, at Pullosi Pass, grey limestone contains casts of large Lucinide
similar to those of the Salt Range; and near Shaladetta I found, loose, one of the great
Gastropod casts (Cerithium ?) peculiar to the Salt Range limestone. These indications are,
however, too slight to establish any close identification ¢f the northern limestone group with
that to the south. They are lithologically different accumulations, although they appear to
be generally contemporaneous as upper and lower parts of the same formation.

The Khaire Mdrut ridge is a mass of solid, contorted, grey nummulitic limestone (of
the same kind as that found in the eastern part of the Chita Pahir opposite), flanked by the
upper nummulitic group faulted, overthrown and concealed by talus deposits, yet well
exposed where it forms the western and lower extension of the ridge. The stronger lime-
stone, and indeed the whole ridge, appears to have bad an anticlinal structure greatly modified
by compression and faulting. At the eastern end in the lower ground are some indications
of the conformable succession of the mewer nummulitic group to the hill limestone, and
again westward at Chorgali* I found the succession and conformity of the two groups dis-
tinctly displayed. (The section will be noticed when writing of this newer zone.)

Under the conditions of disturbance and dislocation it is hard to conjecture what may
be the correct thickness of these hill limestones and shales. An attempted estimate carefully

* A pags infested by robbers in the Sikh times.
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taken from one of the most detailed sections I haye got near Murree* shows thicknesses for
parts of the formation of over 2,150 and 2,700 feet; this is, however, but a partial result,
and the whole may much exceed 3,000 feet. There is a large group of light-coloured evenly
bedded limestones in the Hazdra hills which appears intermediate between the hill nummul-
ites and the cretaceous rocks.

Salt Range Nummulitic Limestone.—In this region the formation is made up almost
entirely of limestones presenting a greater unity of character and uniformly a much paler
colour than the nerthern group. Intervening clay or shales are rare or absent, and where
any occur, they partake of the light colour of the limestone. Nodular or lumpy beds, made
up of solid portions surrounded by a softer coating, are not uncommon ; compact and cherty
limestones often predominate in the upper portion. Many of the beds are highly fossiliferous,
containing numerous imperfect casts of large Gastropods more than 8 inches in height, or
large Bivalves, and also Echinoderms frequently as large as small melons. One small fossil,
Ostrea Flemingi, seems exceptionally well preserved. Nummulites are numerous, and
Alveoline also occur, a8 well as other Foraminifere.

In the Eastern Salt Range layers of pale purple and yellowish limestone conglomerate,
with limestone and flint nodules and pebbles, the matrix charged with small Nummulites,
have'been found to form the very uppermost few beds, conformably overlaid by the sandstone
and clay series. In the somewhat outlying Diljaba and Bakrila ridge these beds re-appear at
Goragali, but separated from the limestone by a mass of greenish shales several feet in thick-
ness, and having much the appearance of the upper nummulitic beds on the north side of the
tertiary belt. Some red flakey clay or shale is also associated.

At the base of the Salt Range nummulitic formation dark shales are very commonly
present, frequently overlying white, sub-conglomeratic, coarse and fine sandstones interstrati-
fied with pale red sandstone bands and red or lighter grey (varely gypseous) shalest The
dark shales are often coaly or contain a single or divided layer of bright coal averaging three
feet (the Salt Range coal). Mottled red and white unctuous or lateritic clay occurs as an
accessory in thin or thicker beds. These lateritic and hamatitic layers sometimes occur at
the very base of the limestone, and sometimes below the coaly shale or among the white
sandstones. They vary a good deal as to the amount of iron present, are sometimes
pisolitic (when the grains are used as shot or bullets) or replaced by white clay, and they are
sometimes altogether absent.

The coaly shales are not the very lowest nummulitic layers. At places in the East Salt
Range, where most carbonaceous, one or two underlying calcareous beds contain nummulitic
fossils; and to the west, as in the Bakk ravine (Musakhel), a considerable thickness of
nummulitic limestone separates them from the lower formations. This variegated and mixed
band below the main limestone has in the eastern region a probable thickness in some places
of more than 200 feet, but parts are often concealed by talus deposits. It is less prominent
to the west.

The whole southern nummulitic group frequently shows itself in high cliffs and varies in
thickness from about 500 feet to nothing, being entirely absent in places at either extremity
of ‘the range Cis-Indus.

* The observations for this section were mapped on a scale of 300 feet to an inch and carried along the elear
cuttings for the new road between Murree and Abbotabad for over 23 miles. I look wupon it® information, as far

as it goes, a8 reliable,
+ At one place south of Chel hill, East Salt Range, a layer in such shaleg not far below the limestone contains

narrow, pointed leaves.
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Upon the evidence of the arenmaceous, argillaceous, and rarely gypseous layers below
this Salt Range limestone,* or the small local development of layers with an upper character
at top, I can scarcely venture to assert that the whole group is the counterpart of the
upper nummulitic beds of this district or elsewhere; still I think there may be sufficient
reason to suppose that similar conditions recurred at intervals, and that this Salt Range series
may at least be, generally speaking, newer than the greater part of the northern hill
nummulitic imestones. { .

Nummulitic Limestones, §c., beyond the Indus.—1 have so lately deséribed these rocks,
(in Vol. XI of our Memoirs,) where as yet I am best acquainted with them, that a short
notice will suffice. The most striking and constant band is one of hard grey and often
variously tinted pale compact limestone 60 to 100 feet in thickness. This in colour
and texture has some resemblance to bands in the Salt Range: it contains Nummulites and
Alveoline. Below it are other grey lumpy and sometimes cherty limestones, with various
nummulitic fossils; some peculiar to this region, and none possessing the great size of
some Salt Range forms.

Underneath these limestones there is a zone of deep red clay, having subordinate
sandstone and h®matitic layers ; it varies from 1,500 to 400 feet in thickness, and in places
contaius small fragments of fossil bones. Locally this clay gives place to olive sandstones
partly conglomeratic; greenish clays and impure limestones with 4lveoline and Nummul-
ites. This mixed group reaches a thickness of 100 to 350 feet. Below all are the alum
shales, the massive layers of gypsum, gypseous clays, and the enormous accummulation
of rock-salt, often distinctly and regularly stratified. In the upper part of the series there
are appearances of alternation with some of the overlying purplish sandstones, &c., but
the folding and inversion of the rocks is so intense over the district that appeara.nces cannot
be always trusted.

The umted thickness of the Trans-Indus nummulitic rocks, including 700 or 800 feet
for the rock-salt and 300 for the gypsum, is estimated at from 1,600 to 1,700 feet, and may
be more.

There are points of resemblance between this series and that of the Salt Range, but also
many differences. Where the limestones are thick, pale, and fossiliferous, the resemblance is
strongest ; and junctions between the limestone and overlying sandstones, though often
locally resembling the sharpness and definition of the same in the Salt Range, have here
and there more similarity to the tramsitional nature of the newest beds of the whole
nummulitic formation. The Trans-Indus nummulitic area has therefore general characters
intermediate between those of the Salt Range and upper nummulitic groups, and is most
nearly allied to the last.

The Upper Nummulitic group of this country, coming from the eastward, appears
first in the Murree hills, then passes westward, edging the outer Himalayan region, crosses
the Indus at Bahtar, continues close along the south side of the Nildb Gash mountain, and
leaves the district as a continuous zone to enter the Jawaki Affridi hills. A spur from these
hills to Dandi on the Indus has beds upon its flanks which may belong to the group: it
re-appears, at Khaire Mirut ridge, deeply faulted into the ZZuds and mountains of the Haz4ra
district north of Murree, and similarly placed in the Mirkuldn pass south of the Peshawar
valley.

* The coaly shales afford no point of comparison, no similar zone occurring in the upper nummaulitics of this
distriet, nor any band that could be safely referred to the same horizon among the northern hill limestones.

+ The East Salt Range nummulitic group presents a most striking resemblance to the bottom beds of the
pwnmalitic series throughout the Jamg hills.—H. B, M.
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places it appears as nearly the highest band of the group underlaid by soft grey sandstones
and brown or bright orange clays, but further to the east similar rocks to these overlie it.
This sandstone usually contains scattered pebbles, or strings of pebbles, of quartzite, &e. ;
and where the overlying orange and grey rocks do not interrupt, it passes upwards by
increase of the pebbles into the conglomerates of the highest tertiary group. Sections of
2,000 feet entirely formed of it have been met with. Mammalian bones occur but are  not
numerous in the Dangdt sandstone. Similar thick sandstones, occupying the same general
position, are found at the Jhelum side of the district, and the pebbly upper portion of the
Lower Siwaliks seems to be most developed towards the eastern and western limits of the
Potwar country.

Thicknesses of 4,000, 6,000 and 11,000 feet have been observed in this Lower Siwalik
group.
Upper Siwalik.

This division includes the great conglomerates and associated beds which terminate the
tertiary series of the country. Like all such deposits, these conglomerates are inconstant,
admitting intercalations of the same kinds of soft grey sandstones and grey or orange clays
as underlie them. Besides these, highly ferruginous and occasionally bright red clay bands -
appear. The conglomerate is in greatest force near the large rivers, as at Salgrdon
on the Jhelum, at Makad on the Indus, and forming the cliffs called Kéffirkot between the
Kurram and Bah4ddur Khel. The enclosed pebbles and boulders, ranging up to 18 inches in
diameter, are almost entirely of metamorphic and igneous rocks, forming an extremely varied
assemblage,* the mainly Himalayan source of which is indicated by the same detritus being
still carried downwards in the channel of the Indus. Amongst these pebbles a fluctuating
percentage of limestone occurs, some belonging to the Silurian (F), triassic, Jura, and
hill-nummulitic beds of northern regions, and some few towards the Indus to Alveolina
or coral-bearing rocks, supposed to have travelled from the westward. Away from the large
rivers, asin the Soan Upper Siwalik basin, conglomerate beds, thoigh less prominent,
still appear, sometimes formed of limestone pebbles from the ranges to the north, or where
the transported fragments are fewer, these include sandstone pebbles presumably derived

from the Murree group.

For the advantage of obtaining the newest European names of some of these pebbles, I submitted duplicates
of a quarter of a hundred to my friend Mr. Kinahan as an sathority on the subject of rock names. The following
are their designations according to him, quartzites predominating :—

1. Red and grey brecciated jasper (silicified shale). | 15. Black hornstone with thin parallel lines of
2, Black pisolitic hornstone. quartz (riband argillyte, silicified shale).
3. Red and grey pisolitic quartzite. 16. Hard purple felsitic trap (tufoid part of a
4. Purple felstone (“enyte”’) withblood-red specks, euryte ?) )

white and green silicious amygdala, 17. Coarse granular suberystalline quartzite,
6. Black compact dolerite (aphanyte). 18. Saccharoid white quartzite or *“greissen.”

8. Red and green blended compact “slightly ophy- 19. Banded purple and flesh-coloured quartzite,
tic” felstone. 20, Black argillyte.
7. Purple granular quartzite. 21, Olive fine-grained quartzite.
8. Quartzose amygdaloidal euryte. 22. Flesh-coloured and green mottled silicious rock

9, Grenular purplish gray quartzite, (with nests of Olivive?).
10. Hard green felsitic amygdaloid, tufoid. 23. Compact green felstone, harder than a file.

11. Green amydaloid, white infusible amygdala. 24. Cf"‘“e ﬂ?sh-co]oured quartzite.
12. Purple amygdaloid. 25. Fine-grained black pyritous quartzite (Its-
13. Gray and black speckled felspathic rock. beryte 7).

(To 13.) *“These are all passage rocks between euryte and These must fall very far short of all the varieties
felstone, the ¢ Hybrid rocks’ of Durocher.” of hard rocks among the pebbles of the Siwalik

14. Flesh-coloured quartzite. conglomerates. They were collected chiefly at
the Jhelum side of the district,
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In some™parts of the district, the Upper Siwalik conglomerate masses are replaced by
clays. This occurs-south of the Bakréla ridge, and thence nearly to the Jhelum in a north-
westerly direction. Again, in the valley of the Soan the group is represented by a mixture
of very recent-looking sandy rocke and dull reddish clays, with an occasional dark, almost
carbonaceous band ; and numerous layers of gravelly conglomerate, or the limestone pebble
beds already mentioned. To the westward near the Indus a thick deposit of drab and
pinkish clays clearly overlies the conglomerates ; it has furnished the Emydine described by
Mr. Theobald, and other fossils (ante, 4 of List). Here, too, grey soft sandstones and orange
clays are so intimately associated with the characteristic conglomerates as to have taken a
considerable place in the upper group.

Siwalik mammalian remains are found in this upper division less frequently than below,
and they often present a rolled or worn appearance as if derived from older beds.

In these Upper Siwalik beds, measurements of 3,600, 3,700, and 5,000 feet have been
estimated from sections made to scale, and observations on the ground.

It will be seen from the foregoing descriptions that while different stages can be recog-
nised in these tertiary rocks, their boundaries are somewhat conventional. The separation
of the marine nummulitic rocks as the representatives of thosein other parts of India or Asia,
and the recognition of one great fresh-water series succeeding, would have marked the pro-
gress of more or less regular accuromulation. Some of the beds, however, being clearly in
continuation with sub-divisions of regions to the east (where more definite distinction exists),
I have extended the classification to this ground as far as practicable.

Upon the estimates given, the whole series presents an aggregate depth of between
25,000 and 26,000 feet, or nearly five miles, of tertiary rocks. What terrestrial changes the
time represented by the successive accumulation of such vast deposits may have witnessed,
is beyond consideration here.

A few sections taken across the country, to show the manner iu which the rocks occur,
are appended. It should be remembered that the necessity for reducing their length to
suitable compass renders them very diagramatic.

Unconformable Post-Tertiary and Superficial.—Large tracts of this district are covered
by superficial accumulations resembling the alluvium of its present great rivers; indeed,
owing to the rapid fall of these they are rarely depositing streams. Ordinary alluvium does,
however, occur along their banks in places, particularly near the Lower Jhelum and Upper
Indus. The older alluvium or silt very frequently predominates on the higher plateaun
ground, often cut through by intricate “Ziudderas™ so as to show the underlying rocks.
Sometimes it prevails in open depressions. Nearly all of it is more or less impregnated
with soda salts (Kuller), rendering large areas difficult of cultivation, and, by facilitating the
action of rain-water, increasing the rapidity with which * khudderas” are formed or
extended.

Its colour varies considerably below, but the upper portion is nearly always a dull
pinkish drab, glistening, finely micaceous and often distinctly stratified silt, in which
“ kankar” (carbonate of lime nodules) is locally abundant. Near Jand and Sagri, the silt
is locally overlaid by loose blown sand, and it is everywhere undergoing transportation to
lower levels. The saline nature and stratified condition of this silt suggest an estuarine
deltoid or lacustrine origin ; it has only been found to contain land shells of recent species.

Before the time of the deposit just described, certain of the larger depressions in the
country existed, and some, such as the Soan, Sil, and Lower Hazira valleys, were unconform-
ably occupied by coarse pebble beds and sand or clay. These pebble beds are not, however,
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confined to the valleys; they rise out of that of the Soin on its northern side near Riwal-
pindi, and seem to have once overspread a good deal of the country west and north.east of
that station with strongly-marked unconformity. They overlie the sides of the Rotés
gorge near Jhelum ; occur near Nowshera on the Son-Sakesar plateau of the Salt Range; at
Namal to the westward ; aud cap the mountain above Kélabégh on the Indus. In most cases,
if not always, they are undisturbed ; but rest at locally steep angles of deposition in one or
two places (in the Park at Riwalpindi, and Son plateau, Salt Range). In the Soén valley
and towards Riwalpindi the pebble-beds are chiefly formed of detritus from the limestone hills
to the north, but the very layers consisting most largely of calcareous pebbles at the Pindi
side of the valley, crossing the river, gradually change into a mass of light-coloured
quartzite boulders, the original locality of which is as yet unknown. The unconformity so
strongly marked near the Soén bridge on the Trunk Road is scarcely traceable in lower parts
of this valley, though of course it exists.

In the Hazéra and Chutch (Chaj) plains, the pebble rocks beneath the superficial silt, &e.,
appear as a coarse conglomerate. or well-rounded gravel, chiefly of syenitic and gneiss frag-
ments, overlaid by thick horizontal sands, sometimes consolidated so as to form a sandstone
of almost precisely similar appearance to those of the upper tertiary beds, but enclosing
subangular and rounded blocks of crystalline rock similar to the pebbles beneath.

Along the Indus and in the banks of the lower part of the Hardé river these pebble
and boulder beds are again seen, occupying different levels, chiefly in the lower part of the
river deposits: similar post-tertiary accumulations form rather a high flat between the
Mirkulan and Chita hills, and the thick sands recur on the Indus near Séjanda. '

North of the Mirkuldn and Affridi hills, detrital beds, apparently of the same group,
were observed near Ispinhék, as saline yellow, pale pink, greenish, red and white sands,
clays, and gravelly beds with bones,* or soft micaceous sandstone.

These coarse deposits, though not always present, seem to be transitional with the lowest
layers of the silt, and this has not been observed-to overlie the pebble beds in some lofty
situations, where it may be doubtful that it ever was deposited.

The heights at which the post-tertiary beds are found range from about 800 to 3,000
feet above the sea; they have much the aspect of river deposits, and may have been formed
at different periods.

Another variety of superficial accumulations, dating far back, though still forming, is the
“wash” or “fan ” detritus edging the Salt Range to the south, the hills near Band, and those
in the neighbourhood of Mirkuldn and Pullosi passes towards Cherat.

Calecareous tufa (“kamét”) is not an uncommon associate of the newer deposits. Sheets
- of it are interposed between the *pebble beds” and the underlying Murree group, upon the
banks of the river Lé, near Riwalpindi; others seem fo have omce overspread the ground
near Fatahjang, and it is frequently seen among or near the limestone bills.

Erratics.—Dr. A. Verchereis believed to have first recorded the occurrence of large
erratic blocks near Trap village on the Soén, attributing them to flotation by means of ice.
"These travelled blocks are distributed along the left bank of the Indus from Attock
southwards, reaching into the country for ten or twelve miles from the river. They are more
numerous between the parallels of Attock and Jand than further to the south, strewing
the surface of the ground in patches, some being partially buried in the sand or other
superficial accumulations.

* Major Vicary found the bone of acamel(?) in apparently the same beds at Akkora (aw. cit.).
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A group of these erratics occurs on the road between Jand and Kushdlgarh; one is of
granite, measuring over 15 feet by 9 feet by 3 feet (exposed). Others close by are of syenite,
gneiss, hornblend schist, and black slate. For a few hundred yards around the ground is dotted
with similar and smaller blocks, and others are numerously distributed over the neighbouring

sandy country. Some of these appeared smoothed, but none that I saw showed any signs of
striation.

Near the Tiital or Rais river opposite to Jand erratics occur again, but fewer. One of
grey syenite measured 4 feet by 2 feet by 2 feet 2 inches; and a block of grey gypsum, 18
inches by 12 inches, was precisely of the kind occurring beyond the Indus in the Girgirlot
and other hills, or at Bahtar on the left bank of the river, where it crosses the Chita
range.

Two large erratics lie near the hamlet of Kummerallia (Wahlia of the maps) south of
Daknér: one of white granitoid rock, weathering dark, has & girth of 50 feet and a height
of 6 to 8 feet; the other, of basalt, is 48 feet 6 inches in girth and 12 feet 6 inches high.
A Dblock of grey felsite, set on end in the sand half a mile south of Hatti on the Trunk
Road, forms a conspicuous monolith : it measures 8 feet 6 inches high by 18 inches by 6 to 10
inches. Not far to the north is a block of the Kyjnig and Hazira porphyritic granite with
large twin erystals of felspar; it has dimensions of 9 feet by 3 feet 6 inches, and is much
buried. There are others scattered about, but this one only suggests the northern source of
these erratics with some certainty and the Indus valley as the direction from which they
travelled.*

Far to the south-east near Hoon, Mount Tilla, Rotds, and in the Bunhir river at
Ghoragali, smaller and less angular erratic blocks of red granite are numerous. One of
these, however, at Narwari, a mile east of the Collector’s bungalow at the Mayo salt mines
(Khewra), is 7 feet in height, measures 16 feet in circumference at the ground, 19 feet
half-way up,t and rests upon the red gypseous marl. These red crystalline boulders are
supposed to have come from apeculiar conglomerate in the cretaceous or “olive group” of
the Eastern Salt Range, or at least from the same unknown source as its enclosed blocks.
One such boulder, polished and striated, apparently by glacial action, was shown me
by Mr. Theobald, who found it in a wall near Wahali, on the eastern plateau of the Salt
Range, not far from where the conglomerate just mentioned is in situ.

By what means these erratics were transported, if not by the agency of ice, is unknown.
Their size, sub-angular shape, and the distances they must have travelled, favor this sup-
position. All do not seem to have wandered so much, thus localising the transporting
cause: on one of the river terraces of the Indus gorge between Purri and Bahtar, I measured
an erratic mass of unfossiliferous limestone 9 feet high and 74 feet in girth, which may
have belonged to any of the neighbouring limestones from the lower nummulitic downwards,
and seems to be as truly an erratic block as any of the others.

With regard to the existence of a glacial period affecting the Upper Punjéb in very
recent geological times, the only evidence the country seems to offer is in the occurrence of
the formerly Indus-borne crystalline fragments at heights some 2,000 feet above the present
bed of the river. These would indicate either a very late elevation of the region traversed by
the Indus, or that when it ran in a channel so much higher, the hilly country to the north-
ward may have been as much more lofty (or even higher still), and regions of perennial
snow much nearer than they are at present. The denudation, which, influenced by earth-
movements, or alone, reduced the general surface, would have removed most evidences of

* I have also noted granite and other crystalline erratics at hecights of fonr or five hundr-ed feet above the
Jhelum near Chutiur Kalas, the firsl stage from Kohdla on the new road into Knshmir,
4 From measuremcnts kindly furnished by Dr. Warth,
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glacial action,* and the widely spread, well-stratified post-tertiary silt would indicate aqueous
conditions in the vicinity, which might have facilitated the distribution of these erratic
blocks.

SuproRTING Rocks of THE TERTIARY ZONE.

I shall now endeavour to convey as briefly as possible some slight idea of the paleozoic
and mesozoic formations bordering the tertiary zone in this district.

SoUTHEEN oi SarLt-RangE Rocxs.

The nine Salt Range groups of palzozoic and mesozoic formations, included in the list
(ante p.113) exhibit parallelism and conformity throughout ; this, however, may be only a local,
yet marked, peculiarity. Another as great is that the strata composing the sectionsat either
end of the range are strikingly dissimilar.- One formation or group may be traced thinning
away and becoming overlapped by another at various points along it, so that in no place is the
full section obtainable. Besides this the whole region has undergone most violent disturbance,
resulting in displacement and contortion, sometimes one or both being prominent, and in places,
owing to this, the oldest and newest of the groups are brought into contact. The outerop on
the scarped side of the range is thrown frequently into such intense confusion from land-slips
caused by the deliquescent nature of the salt-marl that it is difficult to reproduce it on any
map, and entirely impossible on the roughly reduced outline given with this paper.

“ Saline Series.”~—The red marl, gypsum, and rock-salt forming the lowest group is as
mysterious in its origin as strange in its development and economically important, producing a
large annual revenue of about £400,000 sterling. The salt occurs in the upper portion of a
mass of red gypseous marl, and underlies massive, white, stratified gypsum. It shows a thick-
ness of 600 feet at the Mayo mines, of which 225 are almost chemically pure salt (Dr.
Warth’s paper, No. 11 of list). '

“ Purple Sandstone.”—Thick sandstones, earthy below and of deep purple colour, be-
coniing whitish at top, succeed the saline series. This “purple group ” extends far to the west,
but there becomes thin, and the sandstones give place to dark earthy conglomerates contain-
ing crystalline boulders of red granite and other rocks. It contains no fossils, so far as known,

“ Qbolus beds.”—In the next formation, however (also ranging widely westward), a belt
of blackish clunchy shale, with sandy layers, was found to contain, at one or two places, the
small detached valves of Obolus or Siphonotreta, a Silurian form, locally numerous, but
entirely by themselves.

“ Magnesian Sandstomes.”—This group is to the east succeeded by, and connected with, a
strong lightly coloured set of beds, the most conspicuous of which are hard, compact, magnesian
layers, varying from dolomite to magnesian sandstone, and associated with flaggy and darker
shaly bands, often covered with fucoidal and annelid markings. This formation has a more
limited extension than the last, and was doubtfully thought by Dr. Waagen possibly to
represent the carboniferous limestone of the west. From its position in certain sections, it
appears to underlie that group, so I have preferred to keep it provisionally separate,
particularly on account of its partial intercalation with the zone below, just where it is least
recognisable to the westward.

“ Speckled -Sandstone.”—The next group is a massive succession of speckled light-
coloured or reddish sandstones,- with purple clays and conglomerate bands, the pebbles of
wlich are chiefly of old crystalline rocks. At the top of the group, pale lavender clays (said
to contain small concretions of copper pyrites ) are constantly present.

* As vointed out by Mr, Crull would generaily be the case (Climate and Time),
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“ Carboniferous.”—Immediately above theselayers the carboniferous series commences in
the Nilwan ravine, as dull, dark-coloured, impure, calcareous beds of small thickness. West-
ward the formation developes rapidly into a great mass of clear limestones, with some ferru-
ginous or pale sandstones and dark earthy caloareous layers, the whole often crowded with
palmozoic fossils, amongst which Dr. Waagen found the unique carboniferous .4mmonites
which he has deseribed (. ¢. No. 9 of list).

“ Triassic.”—Almost united lithologically with this group is a series of thin limestones
and greenish shales or clays developed from the Son plateau of the range westward, and con-
taining abundance .of Ceratites, Goniatites, and other forms, of the same gemera but of
different species from those in the carboniferous group below (as distinguished by Dr. Waagen).
On the evidence afforded by these a triassic age ‘has been assigned for the group, to which
period also a group of bright red arenaceous and argillaceous rocks in the east part of the
range, without fossils, but full of casts of salt-crystals, has been referred. It immediaiely
succeeds the magnesian group before mentioned.

“ Jurassic.”—Overlying the western triassic group are white soft sandstones, yellowish
limestones, oolitic and earthy beds containing Belemnites, more rarely 4Ammonites, and other
Jurassic fossils. The upper purt of this Jurassic group becomes dark and shaly Trans-Indus at
the Chichali pass, where a curiously inverted and faulted section is exposed. Along their
Western Salt Range boundary, the uppermost Jurassic and lowest nummulitic rocks
present appearances of local transition through alternating bands of limestone, sandstone,
and shale.

“ Cretaceous.”—1In some places, however, as in the eastern part of the range and at the
Chichéli pass, dark-coloured shales and olive or yellowish sandstone with local beds of
peculiar dark conglomeratic clay intervene between the absve-named groups, or between the
red trias (P) of the east and the coaly, shaly, ferruginous, or white sandy beds near the local
base of the nummulitic formation. The shales in the Chichdli pass contain several glohose
Ammonites, recognised at once by Dr. Waagen. as cretaceous ; and I have found in these
intervening beds (to the east) casts of large shells, which, with a few forms discovered by Dr.
Waagen near Makrich, led to suggest for the beds a cretaceous age. /

From the salt marl upwards, all the formations, as far as the base of the tertiary, seem
to be marine; but as some are not fossiliferous, and there is a record of some plants found
in the Jurassic group by Dr. Fleming, this is less than absolutely certain.

It will be seen that the contrast is strong between the rocks of this area and the pre-
tertiary series of the outer Himalayan region.

WesTERN PUN7iB, HIMALAYAN SERIES.

“ Orystalline."—The oldest part of this series includes the syenitic rocks, granitoid
porphyry, and greenstones of Hazira (Pakli valley, Sdsilgali Agrér, &c.); and, from
specimens brought down, it seems that crystalline rocks are common in Kaghin also. The
granitic porphyry with its twin crystals of felspar, 5 or 6 inches high, is exactly like that
occurring as erratic masses (from the Kyjnag range, &c.) near Nowshera in the Jhelum
valley on the road from Murree to Kashmir.*

» This porphyritic rock seems to represent the central gueiss of Dr. Stoliczka’s Himalayan sections {Mem. Geol.
Surv. Vol. V); at least he eppeared to identify a block we found together in the Jhelum at Huttf, Knshmfr, with Lis
“ Albite granite.”
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« Metamorphic and Silurian."—Over a considerable area outside the Hazdra granitoid
rocks, slightly metamorphosed, dull, talcose, silky slates were traversed, representing the
local “ Attock slates” of Nowshéra, Abbottabadd, &e. Some of the altered beds (on the road
from Manséra to Garhi Habibdlla, for instance) weather to a substance resembling porcelain
clay. Greenstone dykes and masses intersect the inner portion of the slates, and syenitic pro.
trusions occur, but no stratified or foliated gneiss nor any mass of quartzites or mica schists
was met with, though such were known to Dr. Fleming among these mountains, probably
at places which I did not visit.

In the Upper Hazéra slates and those of Mianjini mountain limestones are absent or
uncommon, but occur extensively in the Gandgarh mountain north of Hassan Abdal, in the
Attock hills and towards Mirkuldn. These limestone bands have varied textures, from
pseudo-brecciated to compact, and are often magnesian: one remarkable bed, though unaccom-
panied by other local metamorphism, resembles a clear sub-crystalline and compact white
altered marble ; it is slightly affeeted by acid. It stretches along the southern face of the
Attock and Mirkulan hills. Itis not improbable that several of these limestones, though closely
associated with the dark slates, do not belong exactly to that series, but to some newer group,
Others are undoubtedly interstratified.

TIn none of the slates or intercalated limestones have I been able to find a single organism ;
but in the hard limestones mnear Dakner, I found obscure traces of small gastropods and
other shells, barely recognisable as organio: further west, at Mirkuldn pass, these traces
are stronger, and a few fossils can be distinguished. :

The stratification of the slates is often obscured by a number of cross-cleavages, which
render their furnishing slate of economic value unlikely. As a rule, they are very thinly
laminated, this structure enabling slab or bedding slates to be raised where the cleavage is less
prominent or coincides with the bedding; the material, however, is soft and weathers easily.
Bands of dark-greenish, gritty, fine-grained sandstone are not uncommon. The whole group
often shows intense folding and compression.

A possibly Silurian age for these slates has been chiefly inferred from the discovery of
Silurian fossils by Dr. Falconer and Major Vicary in the Peshawar district, upparently not
in sttu, but traced to the Khyber mountains in Afghénistan. These fossils are stated to have
been of lower Silurian age. Major Vicary mentions Spirifer, Orthis, Terebratula (7) and
Polyparia in limestone. Similar genera occurring in the carboniferous and secondary rocks
of the other parts of the country, the evidence as to Silurian age is limited, so far as any
information at present available extends, to Dr. Falconer's fossils, as referred to by Major
Godwin-Austen (in Quar. Journ. Geol. Soc. Lond. Vol. xxii, p. 29).

The slate group is perhaps older than carboniferous,* and may be a continuation of the
azoic slates of Dr. Stoliczka’s Himalayan sections.

“ Infra-Triassic.”—Resting upon the Attock slates with complete unconformity is the
series of Birban mountain iv Hazéra (see Memoirs, No. 12 of List). The unfossililerous red
sandstones, hematitic and silicious magnesian beds, there underlying the triassic formation,
are of uwnascertained age, and have not as yet been found elsewhere.

“Triassic.”—The triassic formation of the whole northern region consists largely of
limestones often so slightly fossiliferous as to be very difficult to distinguish from those of

* Last season Mr. Lydekker found in a detached block near Hassan Abdal a specimen of Productus Humboldei,
common in the Salt Range carboniferous formation, I have since searched the place in vain for any evidence of the
existence of carboniferous rocks in the locality. It is possible that some may occur among the limestones on the
south eide of Gandgarh mountain to the morth, though I failed to find s fossil of any kind in the only traverse of
the mountain I have as yet been able to make,
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the Jurassic period. Shales, limestones, silicious breceia, hzmatitic clays, and sandstones are
present at Sirban; in other places limestones only are found, or with these a few shales, a
sandstone band, or some ferruginous amygdaloidal clay. In one case I observed among other
limestone rocks supposed to belong to this formation, a limestone conglomerate enclosing
fragments of coralline limestone. The triassic beds are in force among the hills extending
from the Mochpira mountains to the Trunk Road; and a quantity of hard limestone, much
of which may be triassic, appears in the Chita range as well as in the detached hills to the
north.,

The fossils of the formation are, as a rule, scarce, obscure, and hard to detach:
Nerinwa, Neritopsis, Astarte, Opis, Nucule, Lede, Ostrew, Terebratule, Rhynchonelle,
Megalodon, Dicerocardium, Chemnitzia and Gervillia were identified by Dr. Waagen at
Sirban, and Ostrea Haidingeri near Khairagali. At the western base of the Zyarut hill at
Hassan Abdal I found a massive grey limestone bed unconformable upon Attock slates,
and full of large Dicerocardium (and Gervillia?) sections, the fossils being impacted and
impossible to separate. Overlying this is a large zone of hard, thin-bedded limestones from
which I obtained (loose) a very perfect Pholadomya. Sections of Rhynchonelle areseen in
the rocks, and on close search little Retzia ( ?) and Echinoderms are found weathered out. If
the fossils of the upper portion of these limestones prove Jurassio, the unconformity between
the trias and Jura of Sirban is absent here.

Thick, amorphous, splintery, nummulitic limestone of the paler hill-type caps the whole,
and is compressed between the folds of the older beds, with very doubtful conformity to the
thinner limestones below. In another section, near Kamalpur, of similar hard, thin-bedded
limestone with some thicker bands, is a layer crowded with very large and thick Ostree.

The complicated association of limestones, trias, Jura, and nummulitic, extends
westwards further than it can be followed into Affifdi territory (Afghénistin). “Large fossil
oysters” are reported from a stream near Cherat, and at Mirkulin, not far from this place,
there is the following succession, from south to north, a considerable part of which may be
triassic:

Mirkuldn Section.
(North.)

30. Dark Attock slates, with some harder bands.
Fault (P).
Upper Nummulitic.
29. Bright red earthy rocks and soft greenish sandstone.
28. Sandy limestone with large quartz grains.
27. Olive shales.
26. Strong purple sandstones.
25. Very red earthy rocks, cleaved.
24. Grey, slaty, olive and greenish shale, cleaved parts full of nummulites.
Cretaceous (7).
23. Alternations of slaty shale and dark limestone with sections of Cerithium and
Natica (?). Calcareous bands weathered to a rusty clay full of undetermin-
able fossils.

22. Thick limestone.

21. Dark greyish-green, slaty band.

20. Thin dark, flaggy limestones.

19. Greenish and grey limestones, highly contorted.
18. Thin-bedded black limestone.



PART 3.] Wynne: Tertiary zone and underlying rocks in N.-W. Panjdb. 129

17. Dark grey quartzite, with black flaggy slate bands, and white flaggy calcareous
layers (600 ft.).

16. Silicious gritty beds.

15. Grey and purplish, rippled, thick-bedded slate (1,500 £t. P).

14. Grey, purple, and greenish flaggy limestone.

13. Dark green calcareous slates, thinly laminated.

12. White flaggy limestone with yellow lines, among grey slaty beds.

11. Dark grey and variegated limestone, magnesian, compact, with ferruginous
strings ; a black earthy layer and several shale partings, one hard blue
band crowded with sections of thin flat bivalves, shelly parts often oolitic,
and contain sections of pentagonal crinoid stems.

10. Purple slaty band.

9. Black and greenish shining shale or clay, flaky; layers and nodules of grey
oolitic limestone.

Black limestone—dolomitic in places, then of brownish grey colour.

Green-olive fine slate.

Strong grey and variegated yellow and black limestone : no fossils.

Brownish grey and purple slaty band, passing up into yellowish and green

calcareous slate (about 200 ft.).

4. White flaggy lithographic limestone, thin and flaggy above, alternating with

grey bands, like Solenhofen lithographic slate, upper part lavender-coloured.'

8. Greenish olive; dark, shaly ferruginous, thin band (same as “ Darw4za ” lime-

stone on Indus near Dakner).

2. Brownish yellow brecciated limestone, overlying.

1. Olive shales with ferruginous concretions.

oo N

The correlation of this section cannot be usefully attempted till the ground has
received furtber examination. The series appears to rise in the direction indicated by the
progressive numbers, but may be affected by faults and inversion in part. The southern
end would seem to belong to the slate series; further on, the only guess which Dr. Waagen
could hazard from the imperfect organisms found, was that the zone (so marked in the
section) might be cretaceous ; while the upper part, presumably faulted against the slates, is
certainly nummulitic and perhaps upper nummulitic. The thickness exposed must be great,
but could only be estimated for some of the zones.

“ Jurassic.”—dJurassic rocks are known to exist in many places beneath the lower
nummulitic beds. They, too, are chiefly liméstones and not of widely different aspect from
those overlying. In the southerly parts of these nmorthern hills they usually contain a well-
marked rusty zone, enclosing small grains of quartz, which give a rough appearance to the
weathered surface of the rock. This zone is sometimes a mass of fossils, chiefly of large
Trigonia ventricosa,* of which the matted and intertangled casts can only be obtained.
T. costata occurs also, but the sections of the larger species give a very marked character
to the weathered surfice of the rock.

In the hills near Margala pass, where broken portions of the Trigonia rock occur, the
associated beds contain fragments of Ammonites and Belemnites. Again, to the west near
Jang, the latter and Gryphea abound in one or two layers just below the Trigonia bed.
Ammonites of well-known Himalayan formst are numerous in the Spiti shales of Chamba

* Determined by Dr, Feistmautel.
t Oppelia acucinets, Strachey, Perisphinctes frequens Opp.t conf. Simplez, Sow., Belemnites Gerardi Opp.
Inoceramus, Cuculea and Pecten are the fossils mentioned by Dr. Waagen, Records, G. S. 1., Vol. V, para, 1, p. 17.
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peak near Khairagali (where they were first discovered by Dr. Beveridge, R.A.). Ino-
ceramus and Ammonites frognents, a Pecten and Belemnites, occur in another exposure
of the Spiti group at Kondragali on the Abbottabdd upper road from Murree; and some of
these fossils re-appear in dark-coloured sandy and calcareous rocks far down in the deep
ravine of the Har6 below this locality.

None of these Jurassic rocks, Spiti shales, Trigonia zoue, or the harder compact and
semi-lithographic limestones in the least resemble the Salt Range Jurassic rocks, nor is there
any similarity between the great tiias limestones, &c., of the northern region and the
Ceratite beds of the other locality. The cretaceous horizon of the northern area is chiefly
marked by hard sandy limestones forming a thin band at Sirban and in the hills close to Kohat
(though thicker limestones without fossils may also belong to the same formation). This band
contains several Ammonites, a few Baculites and large Belemnites, generally of uncanali-
culate forms. The aspect of the band is also quite unlike the dark shales of Chichali
or the “ olive group ” of the Salt Range.

Palzontological skill only can decide how far the northern and southern fauna are
disimilar ; to ordinary observation there is a striking difference between the fossils belonging
to the formations of all ages from the two aress, corresponding with the lithological
diversity, and suggesting much variation of conditions during paleozoic and subsequent times.

DISTURBANCE.

There are abundant instances of most intense disturbance and dislocation in this dis-
trict, yet they appear to have resulted from but one extended influence, which produced the
whole system of its mountain features. Strata belonging to all periods older than post-
tertiary are contorted, but as no chronological sequence can be distinguished amongst the
countless folds or numerous faults in any of the series, the whole of the disturbance con-
nected with the physical features can ouly be attributed to a post-Siwalik period. Whether
the results are due to one prolonged or to consecutive exertions of force, there is as little to
indicate, as there is to show when the action ceased.

The marked line of disturbance, dislocation, and inversion along the outer Himalayan
limestone hills has no counterpart in the district (unless a concealed feature of similar
kind ekirts the Salt Range on the south). It appears to imply special intensity of the dis-
turbing agency. Other developments of extreme results occur;—a complete inversion of
the Jurassic and tertiary limestones. is seen among the hills between Shaladitta and Khén-
pur (northward of Réwalpindi): inversion is ‘common, sometimes extraordinary, all over
the Kohat country, and its presence at Chichéli pass has long been known.

Although whole ages of apparently tranquil accumulation distinguish the succession in
the Salt Range, the limitation laterally of so many of its groups may have been connected
with slight or local alterations of level

In the Himalayan area there are traces of palmozoic and mesozoic elevations and
denudations, in the unconformities mentioned (at Sirban and Hassan Abdal), however local
‘these may have been; and in the more central area, similar events in tertiary times
are indicated by the derived fragments enclosed in the rocks.

The presence of the great tertiary sandstone and clay series of this area asserts the
previous existence of an elevated region to the north, and its Siwalik boulder beds point to
a west Himalayan elevation in later tertiary times, as piainly as the distribution of the
same boulders in subsequent deposits proves that those western Himalayan regions have
‘remained elevated ever since. -
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The lofty situations of these Himalayan boulders in some localities may either indicate

a post-tertiary elevation or be a measure for part of the sub-aéreal denudation of the Upper
Punjab.

DEscripTION OF THE FIGURED SECTIONS.

These three sections, in consequence of the vertical exaggeration necessary, will show
at a glance the general fall of the country towards the Indus from the Murree hills and
Salt Range.

It will also be seen that the Himalayan side of the Rawalpindi platean is much the
most generally disturbed, the folding of the rocks being almost confined in its greatest
intensity to the Nihan-SirmGr band and those groups lying northward of it. The local
character of the Salt Range disturbances will also appear, but the sections do not happen
to cross where these are most developed.

Section No. 1 is in two parts, from the difficulty of taking a single line over the most
expressive features of the ground. In the part of it along the Trunk Road it may be
noticed that the upper Siwalik conglomerates at and near the Rotas anticlinal are represented
in the Kharidn hills end south of the Bakrila ridge by clays, The faulting at the latter
locality might be supposed sufficient to account for this, but from the aspect of the neigh-
bouring country it appears equally probable that the formation has changed and the coarser
beds have been replaced as at the Khariin ridge. The Nahan beds of Bakrala ridge have
been already referred to.

The lower Siwaliks are largely developed from Mount Narh to the southward, giving
sections of over 13,500 feet ; and the upper Siwalik conglomerate beds have a thickness of
2,800 feet at Salgrdon. The Murree hills are all formed of -the rocks referred to the Nahan-
Sirmir group, but the contortion is so great that their thickness can only be guessed at
about 5,000 to 7,000 feet, with the probability of its being very much greater.

The whole of the Kuldana spur, uniting the Mwrree ridge with the more lofty ranges to
the north, is occupied by upper nummulitic beds, including a quantity of sandstones, &c.,
so similar to the overlying ones that their identity has been doubted. If the faulting
pecessary to have produced the present arrangement could be accounted for in detail, these
questionable beds might be admitted to have belonged to the series above.

Northward from Kuldana the section has been already described, and its contlinuation to
beyond the Midnjini slates near Batangi shows alternation of nummulitic and Jurassic
or triassic exposures, crushed and faulted beyond recognition of the geological relations.
The mass of red rocks at Dungagali are believed fo be upper nummulitic beds introduced
by faults.

Section No. 2.—From Pind Dadun Khén to Gandgarh (or from the Jhelum to the
Indus).—In this section onme of the most comspicuous faults of the Eastern Salt Range is
crossed, bringing a portion of the tertiary Ndhan beds against the lower rocks of the palmozoic
series. The land-slips and complexities of the Salt Range section here had to be omitted on
account of the reduced scale of the section. North of the range the beds having most the
appearance of the Nahan rocks may be taken at 1,500 feet, but beyond this the wide expan-
sion of the lower Siwaliks rolling at gentle angles conveys little idea of the true thickness
of the beds—a large one, however, in all probability exceeding 10,000 feet. The upper Siwaliks
of the Soan basin may be estimated at from 300 to 500 feet, and are generally overlaid by the
valley-deposits or loess, both series being in places so horizontal and so similar as to be hardly
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distinguishable. At the notthern side of this basin the beds becomie gradually tilted ; the
gravelly conglomeratic beds and clays pass down into the ted and gray rocks of the lower
group to near Khaire-Mirut ridge, where the angles are very highly inclined, or vertical
bedding is found in the purple Ndhan-SirmGr group. In places on both sides of this ridge
there are traces of the upper nummulitic beds intervening between the limestone of the hill
and the purple rocks on its flanks, but the junction on either side as frequently has the
sppearance of a fault. Hence to the vicinity of Fatahjang numberless steep inclinations
towards the north and south in the Néhan-Sirmdr rocks indicate the closely-folded and com-
pressed curves of the beds, which are both disturbed and displaced at the npper nummulitie
zone, as may be seen where the alternating limestones, shales, &e., mark the arrangement
more distinctly. As an example of the contortion here I may mention that ¢%irteen anticlinal
curvatures are shown within 3,000 feet horizontally in one of Mr. Lyman’s very carefully
detailed sections at the Fatahjang petroleum springs, and there are many similar cases.

It not unfrequently ocewrs along the junction of the upper nummulitic zone with the
stronger limestones of the adjacent hills, that there is a small space between the two occupied
by rocks resembling those outside that zone. This is sometimes due to combined faulting and
inversion, but the contortion is often so great that it is difficult to say whether there are not
some intervening red and purple sandstones and clays really present. Sometimes also there
are but very few layers of the well-developed upper nummulitic character to be found in
their usual position, as at Shaladitta, where the main zone is a mile and a half to the
southward, and the usual lower sandstones and clays of the Néhan-Sirmir group, containing
occasional layers of upper nummulitic type, are faulfed against, rather than rest on, the
Jurassic limestone of the hills.*

In this section (No. 2) the solid limestones of the Chita Pahir range are of unusually
pale colour, and sometimes full of nummulites. At the northern base of the range they are
in contact with a highly disturbed and fanlted zone of upper nummulitic beds. Further north
the rocks beneath are concealed by heavy accumulation of valley beds (syenitic gravel and
gray sands), until at Khaire Mvrut the hard triassic-looking limestones show themselves in
a folded state capped by and faulted against- nummulitic limestone, below: which the
Dicerocardium and overlying limestones (some of them Jurassic?) of Hassan Abdil rest
upon slightly exposed Attock slates, euch as are seen with many intercalated and associated
limestone masses on Gandgarh to the north.

In section No. 3 the carboniferous limestone of the Salt Range is shown appearing
thicker than it is on account of the vertical exaggeration. The groups below it are the
“ speckled sandstone,” “ purple sandstone,” and “gypseous” salt-bearing series, while the
mesozoic formations above include the triassic Ceratite beds and Jurassic sandstones and lime-
stones overlaid by the strong nummoulitic limestone.  The section continues through the same
series as before, traversing the great upper Siwalik codglomerates of the Mokud region, the
slightly fossiliferous bone and wood-bearing rocks of Jand and Nara, the upper nummuli-
tic limestone and secondary limestones (probably both trias and Jura) of the Chita range,
then turning eastward in the river Indus traverses the valley deposits of the Kamalpur
plains and the slates and; limestones of the Attock hills, as shown in the section.

* Compare Records, Vol, IX, p, 1566, para. 3.
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