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RECORDS

THE GEOLOGICAL SURVEY OF INDIA.
Part 1.) 1886. [February,

AxNuvaL RePoRT OF THE GEOLOGICAL SURVEY OF INDIA, AND OF THE G'EOLOGICAL

MuseuM, CALCUTTA, FOR THE YEAR 1885.

A discovery of great interest to Indian geology was made in the year under
review ; and it affords as striking an instance as could be quoted of the magic
light that can be thrown upon stratigraphical puzzles by a simple find of fossils.
We owe the discovery to Dr. H. Warth, who was some time ago in charge of the
great Mayo salt mines at Khewra, in the midst of the most interesting geological
sections in India; and he then contributed not a little to our knowledge through
his intelligent zeal in collecting fossils, as the students of Dr. Waagen’s descrip-
tion of the Salt-range fossils in the Palmontologia Indica cannot fail to notice.
Dr. Warth has again lately been deputed on other duty in the same neighbour-
hood, and his industry in the cause of geology has now met with signal
reward. In February last I received from him a small box of fossils, of which he
wrote—* Besides these fragments you will find in the tin box a broken pebble
wrapped in green paper, You will notice that the pebble contains a fossil.
The pebble was found at Choya Saidan Shah, loose amongst other pebbles which
had weathered out of the pebble bed or cretaceous (?) conglomerate to which Wynne
refers at page 104 of his Salt-range Memoir. The pebbles and boulders consist
usually of crystalline rocks, but it appears that there are also fossiliferous rock
pebbles amougst them. In case you can get this fossil determined I would thank
you for letting me know the result.” The fossil was very distinctly a Conularia,
which is, according to the books, of middle or lower paleozoic age ; but I sent it by
next post to Dr. Waagen, whose first impression regarding it was given in a letter
dated 25th of March: ¢ The fossil you sent me is really a Oonularia and comes
probably from silurian strata, being carried down from the Himalayas either by
ice action or by floods, during upper cretaceous times.” Having no preconceptions
against the occurrence of silurian deposits in the Salt-range itself, I could not for
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a moment concuras to the derivation suggested ; and Dr. Warth's further pursuit
of this ?xciting clue soon determined that the so-called pebbles are in situ, their
form being concretionary and not due to water wear. A large collection of these
and a few other associated fossils were sent by him to Dr. Waagen, and form the
material of his very interesting paper in the current number of the Records. The
boulder bed hitherto placed, not without misgivings (for the similarity of the
bo.ulder beds throughout the range has always been noticed), with the cretaceous
ollv?-sen'es at the east end of the Salt-range, being thus proved to be paleozoic, its
affiliation with the boulder beds beneath Dr. Waagen's Productus-limestone be-
came at once an obvious necessity. Dr. Waagen seems inclined still to include this
zone in his Productus-limestone series ; but with such marked unconformity, and
the distinct facies of the small fauna now described, the proceeding would seem
?omewhat to strain the practice usual in such matters. Still more difficult will
it now appear to retain the Neobolus-beds of the east Salt-range as a member of
the Productus-limestone series. The emendation proposed by Dr. Waagen (at
page 3 of his Salt-range fossils) of Mr. Wynne’s rough classification of these
deposits will probably have to be reconsidered. In the conmection presently to
be noticed, the name ¢ Productus-limestone ’ chosen by Dr. Waagen for the upper
paleeozoic series of the Salt-range promises to be confusing, for the rock elsewhere
underlying the supposed equivalents of the Talchirs is sometimes quoted as a
Productus-limestone.

The important corrections made in the stratigraphy of the Salt-range by this
find of fossils are perhaps of less interest themselves than is their bearing upon
the correlations of our Indian Gondwana rock system; and this inference is
almost as obvious as the primary one. A single great glacial boulder deposit of
paleeozoic age, and distinctively of southern derivation, being established in the
Salt-range, it was impossible not to conjecture its identification with the Talchir
glacial deposits found almost everywhere at the base of the Gondwana rocks
of peninsular India. Ever since the origin of the Survey the correlation of the
great isolated plant-bearing series, for which I proposed the name Gondwana
vnder which it is now known, has been an object of inquiry and contention.
The correspondence of some of these fossil plants with those associated with
oolitic marine fossils in Cutch as previously described by Captain Grant was
recognised from the first ; and the more exact correlation on that side was estab-
lished by Dr. Feistmantel’s identifying the flora of the topmost (Jabalpur) group
of the Gondwana sequence with the Umia horizon (top jurassic) of Cutch. The
lower Gondwana or Damuda flora is not represented in Cutch, and for it the
nearest |known standard of comparison was in Australia, where some coal-beds
with a flora more or less resembling that of the Damuda series are distinctly
interstratified with beds containing a marine fauna of well-marked lower-car-
boniferous facies. This very strong evidence was accepted by Dr. Oldham as
presumptive proof of the paleozoic age of the Damuda formation ; and he
went a little further in endeavouring to show that the Damuda flora itself might
be reconciled to the palozoic type. This view was strongly contested by the
paleeo-botanists, who on their side endeavoured to discredit the stratigraphical
facts of continuous sequence and interstratification. Thus both partics, actuated
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by .the same presumption of an assumed necessary correspondence between two
distinct lines of palsontological evidence, committed the mistake of doing violence
to fact. It need hardly be said that fact has proved the stronger: the facts on
both sides remain fast, while only the preconception has to make way for a fact
of & higher order. Dr. Feistmantel established to the satisfaction of competent
judges that the Damuda (including the Talchir) flora is distinctively mesozoic : and
the compromise with which he supposed the controversy would be closed® was,
the provisional identification of the Bacchus-Marsh glacial boulder bed of Victoria
(which he had fairly identified with the Talchir boulder bed of India) with the
Haukesbury horizon of the New South Wales sequence, thus putting out of
court the obnoxious' interstratification, which occurs well below the Haukesbury
beds. But now comes the announcement of the identification of the Talchirs with
a well-established carboniferous glacial boulder bed within the borders of India
itself. Of course it is 8o far open to deny the identification, and to assume two
widely distinct glacial periods in the Indian region, for the Salt-range is several
hundred miles distant from the nearest known appearance of Talchirs, and no fossils
common to both have been found. This stand would probably be made but for
the strange coincidence that the same view has arisen contemporaneously from a
wholly independent quarter.

During the past summer Mr. R. D. Oldham took privilege leave for a trip to
Australia and obtained two months’ extension on duty, to enable him to see some-
thing of the Gondwana rocks of that region. The result of his observations is
published in the current number of the Records. His paper reached me within
the same week as Dr. Waagen's, each writer being wholly unaware of what the
other was about. The case is stated very clearly, and it is a strong one, and far
more natural-like than the compromise proposed by Dr. Feistmantel. My,
Oldham of course reaffirms the distinct interstratification of the Newcastle and
Stony Creek coal-beds of Gondwana affinities, with the marine palsozoics, a point
that no observer has questioned. , But with and beneath these he calls attention
to glacial boulder deposits that represent the similar beds of Bacchus-Marsh far
more adequately than does anything of that kind found in the Haukesbury beds."
This is of course a point for Australian geologists to work out. Meanwhile the
verisimilitude of the combined evidence would seem conclusive in favour of the
original view of the palmozoic age of the lower Gondwana deposits, as continu-
ously contended for by Dr. Blanford, who made the original descriptions of the
lower Gondwana groups from his surveys of the Raniganj and Talchir coal-fields.
The general interest of this determination is very great: it would be, so far as I
know, the first clear and broad case to confirm the assertion made twenty-five years
ago by Professor Huxley when introducing the term ‘ homotaxis’; for it shows
that a full-blown mesozoic flora in one region of the earth was contemporaneous
with a full-blown palsozoic flora in another region. It is the point for which Dr.
Blanford made out so good a case in his address to the Geological Section of the
British Asociation at Montreal in 1884 ; but it is a great step from argument to con-
clusive proof. Had the workers on both sides duly profited by Professor Huxley’s
warning, the preconceptions that have so distracted our understanding should not

1 Pal. Ind., Gondwana Flora, vol. III, part 2, pp. 130-32,
al
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have arisen. There is however no occasion to discredit paleo-botanical evidence;
it bears a full share of credit in the result that has been attained.

In developing the inferences to be drawn from the correlation of the Talchir
with the Salt-range boulder beds, Dr. Waagen has overlooked the fact that Mr.
Oldham gave a very circumstantial discussion of what is substantially the same
problem in his paper published in the Journal of the Asiatic Society of Bengal
for 1884 (duly noticed in my last Annual Report) on the Talchir glacial period
a8 embracing Australia and South Africa. Mr. Oldham has now himself brought
the best evidence for the small correction in time that makes the two positions
identical. In connection with these speculations I would venture with diffidence
to mention & possible objection that has occurred to me regarding the great liberty
taken in raising and sinking continents at discretion. The argument upon which
these performances depend requires in some form the doctrine of specific centres :
has that survival of old times been duly modified in accordance with principles
now accepted ? Can it with any plausikility be asserted that under similar trains
of conditions, such as may reasonably be supposed to have occurred in distantly
separated parts of the earth, forms within the loose limits of specific identity
might not arise from wholly distinct stocks ? The dogma of biogenesis is
similarly implicated as an occult influence in such questions, its operation being
inscrutable; so far its appropriate service (gua dogma) has been as a fresh quick-
sand for discomfited theologians to build castles upon.

The work in Chhattisgarh includes two distinct geological areas ; the Vindhyan

basin of the upper Mahanadi, and the chain of Gondwana

Cn;:rrxxgem. rocks, with coal measures, passing along its north-east

- border from Sambulpur into connection with the Rewah
basin. Cursory traverses of this ground were made some time ago by Mr.
Blanford, Mr. Ball, and myself ; and a portion of the coal-fields was mapped by
Mr. Ball. The Vindhyaus are for the most part quite flat, forming the open
plains of Chhattisgarh ; but along the west boundary there is some obscurity
regarding their rclation to the rocks forming the Saletekri hills, When I tra-

arsed these rocks in 1866, it seemed to me that the Vindhyans of the plains
partook in the disturbance and were at least partly represented in the hill rocks
in the Chilpi Ghat section, and that all the rocks there were of the same family,
in the same way as occurs among the Vindhyan groups of the Karnul-Kadapah
basin. The progress made in this investigation is well elucidated in Dr. King's
report, published (with a map) in the Records for last November.

Among the Gondwana racks, Dr. King was chiefly engaged in directing the
practical exploration of the Rampur coal-field, which is the southern portion of
the Raigarh and Hingir basin formerly surveyed by Mr. Ball (in 1876). This
ground was selected as being nearest to the proposed line of railway. The sites
for borings selected by Dr. King were well placed, for the coal was struck as
expected, but unfortunately its quality has proved uniformly bad. Samples taken
at every foot of each seam were carefully assayed in the Survey laboratory, but
the proportion of ash in the samples ranged from 27 to 44 per cent, 23 per
cent. being the lowest amount in any partial sample, Mr. Stewart, the Assist-
ant Mining Engineer in immediate charge of, the borings, has had much experi-
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ence in the work, formerly in the Satpura basin and lately under Mr, Hughes in
South Rewa; so there is every ground for coufidence§in the care exercised. The
same disappointing results have continued up to date; so Dr. King is arranging
to move the.boring operations to a new field, though unavoidably less favourably
placed with reference to the line of railway as now projected.
Dr. King reports with satisfaction of the work done by Sub-Assistant Hira
Lal in tracing simple boundaries.
Mr. Bose made a wide traverse of the Vindhyans to the south and south-west.
The defects brought to notice by his previous season’s
work are not such as can be quickly rectified ; he still
displays a very inadequate conception of the detailed study of rocks in the field.
He is now working under the immediate direction of Dr. King.
During the season 1884-.85, Mr. Foote was able to take up his survey in the
Bellary District, from which he had been called away in the
SonrH uDIA. previous season to search for coal in the gneiss of Hyder-
abad. The Sandur hills, to the west of Bellary, were the
principal object of investigation ; they are formed by one of the bands of transition
rocks that traverse the peninsula more or less continuously with a north-north-
westerly trend, and are all remnants of a once wide-spread formation which Mr.
Foote now unites and distinguishes as the Dharwar series, as shown to be un-
conformable to the gneiss, with which it has been intimately associatad by com-
plete folding together. In the Sandur hills they contain masses of rich h®ma-
tite.
Mr. Foote made a careful examination of the well-known diamond field at
Wadjra Karur to which special interest has lately been
Wadjra Karur diamond o 4400t6d on acconnt of the mining operations® started
there by Messrs. Orr & Sons of Madras. The mother-
rock of the diamond has of course been an object of special search, but hitherto
without avail in India, for in the oldest rocks in which this gem is found, the
gravel-stones at the base of the upper-Vindhyans, it is only a trausported pebble
like the rest of its associates. It seemed as if at last the original matrix had been
“found at Wadjra Karur in a ¢ pipe’ or ‘neck’ of a peculiar tuff-like trappean
rock observed there by an explorer from South Africa, who declared this rock
to be identical with the famous diamond matrix of Kimberley. It was upon
this very tempting inducement that the works in question were started ; but
a8 yet no speck of the gem has rewarded the endeavour. Mr. Foote says that
the rock is quite unique in his extensive experience in South India, and is
completely isolated in the surrounding epidotic granite gneiss. The position is
within a few miles to the west of the Kadapa-Karnul Vindhyan basin in which
diamonds are extracted from the Banaganpilly sandstone, and Mr. Foote sought
diligently for any outlying remnant of that rock in the neighbourhood of Wadjra
Karur, but there certainly is none now recognisable, though of course this would
not preclude such an origin for the local debris. It is difficult however to
relinguish hope in the otherwise extraordinary coincidence of the occurrence of
8o peonliar a rock where diamonds have certainly been found in considerable
number and of unusual size.

Mr. Bose.
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In the Bellary district Mr. Foote was within visiting reach of the Billa Surgam
caves in Karnul where his son, Lieutenant Foote, R.A.,
was carrying on explorations under his direction. At
the close of the season the spoxls were taken to Madras and carefully sorted—a
work of no small labour seeing that the registered specimens amounted to some
4,700. A notice of the excavations made, with an abstract of the results, was
published in the Records for November last, The exploration was extensive and
thorough, and: it must be said that the expectations, which chiefly related to pre-
historic human remains, have been so far disappointed. The collections have now
been despatched to Mr. Lydekker for examination, and for description so far as
may be desirable. Further exploration may fairly be postponed till the result is
known. A reason for this partial failure may perhaps be suggested in the fact that
these caves secm to be and to have always been dripping and even water-channels
in the wet season, whereas it is only in caves suited for shelter and even residence
that more perfect remains of man or other animals may be expected to occur.

Mr. Hacket returned from furlough towards the end of November 1884, and
got into camp at Palampur on the 5th December. He
covered a large area (some 3,000 square miles) of new
ground in Meywar, in continuation of his previous work
to the north. It is entirely composed of the same obscure rocks—the schists,
limestones and quartzites of the Arvali system in transitional relation with gneiss
and granite masses. Mount Abu is a mass of coarse highly felspathic gneiss. It
will need much time and labour to unravel the” normal sequence of these very
intricate formations.

Mr. Griesbach contributed to the Febrnary number of the Records a small
instalment of his observations with the Afghan Boundary
Commission. The southern route taken to Herat crossed
the continuations of the tertiary and cretaceous formations previously described
by him at and west of Kandahar (Memoirs, XVIII, 1), the hippuritic limestone
being very prominent, with copious intrusions of basic trap and syenitic granite.
In the axial range of the Siah Koh and Doshakh-south of the Herat valley,
palwozoic rocks make their first appearance, as represented by a carboniferous
Productus-limestone, dipping northwards towards the Hari Rud valley. The
Paropamisus range, north of the valley, seems to be largely made up of a great
plant-bearing series which Mr. Griesbach provisionally parallels with the Indian
Gondwana system, conjecturing that it overlies the carboniferous Productus-lime-
stone. In notes of a year's later date, in the current number of the Records,
Mr. Griesbach adheres to this general rock sequence, and describes its distribution
in the Binalat and other ranges of eastern Khorasan.

The result of Mr. Oldham’s observations in the Andamans is published witha
map in the Records for last August. It gives the classi-
fication and distribution of the rocks so far as he was able
to see them, with a digest of all previous explorations. The
opportunity afforded by the Topographical Survey operations can only be said to
have been better than nothing ; when every move could only be as suited a totally
different object, there was no possibility of continuous geological observations.

The Caves.

RAJPUTANA :
Myr. Hacket.

Mr. érieabach.

THE ANDAMANS :
Atr. Oldham.



——— e e ———

paeT 1.] Annual Report for 1885. ’ 7

During the current season Mr. Oldham is making a tour through the geologically
unexplored desert region of north-western Rajputana, and will resume his Hima-
layan work in the spring. Inaletter just received from himw, dated the 28th Jaun-
ary, he makes an announcement of great interest relating to the discussions no-
ticed above. Referring to the boulder beds of Lowo mentioned by Mr. Blanford
in his paper on the Indian Desert between Sind and Rajputana (Records, vol.
X, p-.16), Mr. Oldbam finds them spreading over a large area, and says— they
are certainly post-Vindhyan and at the base of the series which runs up into the
jurassics, so can hardly but be Talchir.

Mr. LaTouche was again (at my request) diverted from his appointed work in
NogTH.Easr FRONTIER: the Garo Hills to take advantage of the topographical ex-

Mr. LaToxche, ploration party to the head waters of the Dehing on the

extreme east frontier of Assam. As everywhere in that
region, the conditions are very unfavourable for geological observations, on account
of the dense vegetation. It has however been ascertained that the whole upper
valley of the Dehing is occupied by tertiary deposits, chiefly sandstones, while
the actual crest of the ridges to north and east are of crystalline rocks; whether
any small outcrop of older strata intervened, could not be made out. By an un-
fortunate error of judgment we have been deprived of what might have more
than compensated for the interruption of our regular work : a small detachment
of the party crossed the watershed, and made some days’ march to the north-west
branch of the Irawadi; the two officers who went on this trip were in the same
line of work, and the only man of the party whose eyes were something more than
optical instruments was left behind. It would be more to the credit of the service
and for the public advantage if on such occasions petty considerations of senior-
ity were laid aside,

Mr. Jones did a good season’s work in mapping the whole area hitherto known

Taz PexcE COAL- as the Pench coal-field and for some distance to the west
FIRLD : in the direction of the Shahpur coal-field on the same
Mr. Jones. (south) side of the Satpura Gondwana basin. He has
added several new outcrops of coal to those marked many years ago by Mr. Blan-
ford and Major Ashburner. There seemed at first an intention on the part of
the Chief Commissioner of the Central Provinces to take advantage of Mr. Jones’
presence to have tho measures tested by trial borings, but the old difficulty re.
garding this field has again prevailed : it is too remote and inaccessible for a
special coal line in either direction to be remunerative, and the authorities consider
that as a through-line it would not lead to any important traffic.

The earthquake in Kashmir occurred just at the close of the field season and
Mr. Jones was deputed- to report upon it. The same
cause that made it so disastrous in respect of loss of life—
the mode of construction of the native houses, whereby the
heavy earthen roofs simply collapsed between the crumbling walls—left little oppor-
tunity for critical observation of direction. Mr. Jones’ report, in the Records
for November, seems to make the most of what facts he could collect. It wae
especially unfortunate that Sir Oliver St. John was laid up with illness during the
time of Mr. Jones’ visit, thus depriving him of invaluable assistance in gaining

TaE KAsEMIR EARTH-
QUAKE.
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information. 8ir Oliver considers that the distribution of maximum ruin would
indicate for the focus a position more to the north-west than that assigned by
Mr. Jones.

During last season Mr. Middlemiss had the north-west Himalaya all to him-

TaE Kvmauy HrMa- self, and he was very near making another distinguished
LAYA: mark in the year's calendar by an important find of
Mr. Middlemise. fossils. Even more than peninsular Indis, the Lower

Himalayan region has ever been a perplexity to us for want of fossil guidance.
The few obscure fossils found by myself in 1861 in the Tal river section, at the east
end of the Dehra Dun, have remained ever since the only known organic remains
older than nummulitic south of the snowy renge, although repeated search has
been made by expert geologists and others. Some miles to the east of the
Tal, but in the same set of beds, Mr. Middlemiss collected a more numerous
and somewhat better set of fossils, and with landable enthusiasm he made
an attempt to recognise their facies and to assign a horizon for them, as was
announced in the Records for May last. When brought down to Calcutta we
were unable to confirm the opinion passed upon them, and as we are most
unfortunately at present without a palmontologist, the whole were sent to
Dr. Waagen with much hope that he would give us a clue. In this we were
disappointed ; even this high authority can only say of them that the facies séems
rathor mesozoic than paleozoic, thus at least partially confirming Mr. Middlemiss’
diagnosis. The prospect has however been brightened by this discovery; Mr.
Middlemiss has traced these beds over a considerable area in Kamaun and they
must ere long yield something intelligible.

In a letter (dated 28th January) just received from Mr. Middlemiss he
announces an important correction in the position he had assigned for these
fossiliferous beds of the Tal. In the sections described by him in May last the
fossiliferous group seemed to underlie the massive limestone of the overhanging
ridge. He has recently found clear sections in the gorge of the Ganges showing
that the normal position of the Tal group is above the massive limestone, and
there next below the nummulitic band.

The Bengal earthquake also happened conveniently during the recess from

Tag Bexear Eapre. field work, and Mr, Middlemiss was entrusted with the
’ QUAKE. investigation. He was fortunate in securing tolerably
good observations in positions favourable for ascertaining the focus of the shock.

Publications—Two Memoirs were published during the year, being Mr.
Hughes’ report on the southern coal-fields of the Rewah Gondwana basin, with
a large map of this very extensive area, and several small maps of some special
coal-fields, forming part 3 of volume XXT; and part 4 of the same volume, being
Mr. Mallet’s description of the volcanoes of Barren Island and Narcondam.

The Records for the year, being volume XVIII of the series, contain twenty-
nine articles of various interest on current work relating to the geology of India.

Although we are still deprived of the services of a palmontologist in India
whereby much inconvenience and delay has been caused both in our field work
and in the museum, the publication of the Puleontologiu Indica has made fair
progress during the year, thanks to the special arrangements made for this most
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important work, and to the generous co-operation of palmontologists. Of series
X1V, fasciculus 5 of part 3, describing the fossil Echinoidea from the Géj
or miocene series of Sind, was brought out during the year by Professor Martin
Duncan and Mr, Percy Sladen. The concluding part of this volume is now in
the press.

Of Dr. Waagen’s work on the Salt-range fossils there were issued fasciculus
5 of part 4, concluding the Brachiopoda, and part 5, containing the Bryozoa,
Annelida and Echinodermata of the Productus-limestone series. The plates and
manuseript for the concluding part of the Productus-limestone series are well
advanced; and Dr. Waagen informs me that good work has been done in prepar-
ing the material for the second division of the Salt-range fossils series—the
Ceratite beds. ‘

Mr. Lydekker has been very diligent with his division of our work, Of series
XV, Indian Pretertiary Vertebrata, he bronght out during the year part 4, on the
Labyrinthodont, from the Bijori group ; and part 5, the Reptilia and Amphibia
of the Maleri and Denwa groups, concluding volume I of this series; also part 6,
the Siwalik and Narbada Chelonia, of series X, devoted to Indian Tertiary and
Post-tertiary Vertebrata. He has a troublesome job before him in the numerous
collections of bone fragments from the Karaul caves ; but a very large proportion
of them are probably unfit for specific or even generic identification, Mr. Foote
seems to have been so ultra-scrupulous in preserving every fragment that turned up.

Museum.—The collections are steadily increasing in value by the return of the
type specimens described in the Paleontologia. Mr. Blyth has amply justified
the appointment of a museum assistant ; with this help it has been possible to get
all the collections into something like thorough order. He has also been very
useful to Mr. Mallet in the laboratory. Contributions to the musenm are notified
quarterly in the Records. Mr. Wood-Mason has recently presented some interest-
ing fossils collected by himself in the Raniganj coal-measures and described by
Dr. Feistmantel in the Journal of the Asiatic Society of Bengal.

Library.—There were 1,762 volumes or parts of volumes added to the library
during the year; 978 by presentation and 784 by purchase.

Personnel.—Mr. Hughes was throughout the year on detached duty, in charge
of the new colliery operations at Umaria. Mr. Fedden was absent on furlough
for the whole year. Sub-Assistant Kishen Singh also took furlough for a year.
The failure of our permanent palsontologist, as above mentiond, was owing to Dr.
Fiestmantel having accepted a professorship at Prague and resigned his appoint-
ment on the Indian Survey at the termination of his two years’ furlough. We are
at least fortunate in the period at which this disappointment has occurred ; in his
three volumes on the Gondwana Flora he has cleared up many difficulties connected
with the principal rock system of India, and given us a standard for future work

in that branch of paleontology.

H., B. MEDLICOTT,

Director of the Geological Survey of India.
CALCUTTA,

The 31st January 1886.
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List of Societies and other Institutions from which Publications have been received
in donation or exchange for the Library of the Geological Survey of India,
during the year 1885.

Baravia.—Batavian Society of Arts and Sciences.
Berrast.— Natural History and Philosophical Society.
BerLIN.—German Geological Society.
’ Royal Prussian Academy of Science.
BoroaNa.—Academy of Sciences. .
Boupar.—Bombay Branch, Royal Asiatic Society.
’ Meteorological Department. :
BostroN.—American Academy of Arts and Sciences.
Society of Natural History.
" State Library of Massachusetts.
BresLav.—Silesian Society.
BrisBane.—Royal Society of Queensland.
-BrisToL,—Bristol Museum and Library. .
. Bristol Naturalists’ Society.
Brussers.—Royal Academy of Belgium.
» Royal Geographical Society of Belgium.
” Royal Malacological Society of Belgium.
» Royal Natural History Museum of Belgium.
BuparesT.—Hungarian Geological Society.
Hungarian National Museum.
” Royal Geological Institute, Hungary.
Buexnos Aires.—National Academy of Sciences, Cordoba.
CaLcurTa.—Agricultural and Horticultural Society.
Asiatic Society of Bengal,
Meteorological Department, Government of India.
Presidency College.
Survey of India.
» The Calcutta University.
Cameripge.—Cambridge University.
" Philosophical Society.
CaMBRrIDGE, MASs.—Museum of Comparative Zoology.
CHrisTiANIA.—Editorial Committee, Norwegian North Atlantic Expe-
dition,
” Norwegische Comm. der Europiischen Gradmessung.
CincINNATL.—Society of Natural History.
CorenHAGEN.—Royal Danish Academy.
DaveNrorT.— Academy of Natural Sciences.
Devrr.—Polytechnic School.
Denver.—Colorado Scientific Society.
DrespeN.—Isis Society.
DusLiN.—Royal Dublin Society.
EpinsuraH.—Geological Society.

»

”

”
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EpinsuraE.—Royal Scottish Society of Arts,
” Scottish Geographical Society.
GENEVA.—Physical and Natural History Society.
Grasaow.—Geological Society.
’ Glasgow University.
’ Philosophical Society.
GOrriNgEN.—Royal Society.
HarLe.—Leopoldino Academy.
” Natural History Society.
HaxivtoN, CaNapA.—The Hamilton Association.
HarrisBura.—Second Geological Survey of Pennsylvania.
Hosart.—Royal Society of Tasmania.
Kon16sBERG.— Physikalisch-Okonomische Gesellschaft,
LavusanNe.—Vaudois Society of Natural Sciences.
Litaee.—Geological Society of Belgium.
LisBoN.—Geological Survey of Portugal.
LiverrooL.—Geological Society.
» Literary and Philosophical Society.
LoNpoN.—British Museum.
» Geological Society.
’ Iron and Steel Institute,
» Linnean Society.
» Royal Asiatic Society of Great Britain and Ireland.
” Royal Geographical Society.
» Royal Institute of Great Britain.
» Royal Society.
» Society of Arts.
” The Editor of the “Journal of Science.”
Zoological Society.
MLDBAS —Agricultural Department.
. Madras Observatory.
” Meteorological Department.
Maprip.—Geographical Society.
MancuesTER.—QGeological Society.
MELBOURNE.—Department of Mines and Water-supply, Victoria.
” Royal Society of Victoria.
Miran.—Royal Institute of Science, Lombardy.
MinNeAPoLIS.—Minnesota Academy of Natural Science.
MoxTrEAL.—Geological and Natural History Survey of Canada.
Moscow.—Imperial Society of Naturalists.
Munica.—Royal Bavarian Academy.
NEevcEATEL.—Society of Natural Sciences.
NEewcAsTLE-ON-TYNE—North of England Institute of Mining and Mechanical

Engineers.
NEw Havex.—Connecticut Academy of Arts and Sciences.
’ The Editors of the “ American Journal of Science.”
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Paris.—Geographical Society.
. Geological Society of France.
” Mining Department,
Penzance.—Royal Geological Society of Cornwall,
PaILADELPHIA.—Academy of Natural Sciences.
» American Philosophical Society.
» Franklin Institute.
Prsa.—Society of Natural Sciences, Tuscany.
Rio pE JaNEIR0.—School of Mines.
Rowe.—Royal Geological Commission of Italy.
RoorkeE.—Thomason College of Civil Engineering.
SacraMento.—California State Mining Burean.
St. PEerERsBURG.—Greological Commission of the Russian Empire,

” Imperial Academy of Sciences.

SaLeM, Mass,—American Association for the Advancement of Science.
" Essex Institute. )
” Peabody Academy.

SaN Francisco.—California Academy of Sciences.
SHANGHAL—North China Branch, Royal Asiatic Society.
SiNGAPORE.—Straits Branch, Royal Asiatic Society.
SrockrOLM.—Geological Survey of Sweden.
” Royal Swedish Academy,
StrasBURG.—Royal University.
SYDNEY.—Australian Museum.
» Department of Mines, New South Wales.
- Royal Society of New South Wales.
Tox10,—Seismological Society of Japan.
ToroNT0.—Canadian Institute.
Torin.—Royal Academy of Sciences.
Viexnva,—Imperial Academy of Sciences.
. Imperial Geological Institute.
WasHINGTON.—Commissioner of Agriculture.

v Department of the Interior,
» National Academy of Sciences.
» Smithsonian Institute.
. United States Geological Survey.
W eLLINGTON.— Geological Survey of New Zealand,
' New Zealand Institute.
YoronAMA.—Asiatic Society of Japan.
» German Naturalists’ Society.

Yore.—Yorkshire Philosophical Society.
Zirica.—Natural History Society,
The Secretary of State for India.

The Governments of Bengal, Bombay, Madras, North.Western Provinces and
Oudh, and the Punjab.

Chief Commissioners of Assam, British Burma, and Central Provinces.

.

{
'
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The Commissioner of Northern India Salt Revenue.
The Resident at Hyderabad.
The Superintendent of Government Printing, India.

Departments of Finance and Commerce, Foreign, Home, and Revenue and
Agriculture.

Report on the International Geological Congress of Berlin by
W. T. Braxrorp, LL.D., F.R.S.

The third International Geological Congress, postponed in 1884 on account of
the prevalence of cholera in Southern Europe, has now been held in Berlin in the
week commencing on the 27th September last. Acting upon instructions received
from the Government, at the desire of the Director of the Geological Sur-
vey of India, I attended this congress, like that of Bologna in 1881, as the
representative of the Indian Geological Survey. The following brief account of
the proceedings and results of the Berlin Congress is similar to that which I wrote
on the previous occasion, and which was published in the Records of the Geologi-
cal Survey of India for 1882, Vol. XV, page 64.

The meeting at Berlin was held in the Reichstagsgebiude (House of the Im-
perial Parliament), in the hall in which the German House of Representatives
meet. Council and committee meetings were in adjoining rooms. A collection
of maps and geological specimens, many of which were of great interest, was
exhibited at the Bergakademie (Mining School).

The attendance of geologists was considerably larger than at Bologna,!
amounting altogether to 255, of whom 163 came from Germany, 16 from Austria-
Hungary, 18 from Italy, 11 from Great Britain, 10 from France, 9 from the
United States, 6 from Russia, the same number from Belgium, and smaller
numbers from other countries. Asia was represented by one member from
Japan and one from India. Amongst those who were present were nearly all
the principal geologists of Germany, and the representation of other countries
was both large and important.

The arrangements as to the Burean (council or general committee) and the
selection of vice-presidents, secretaries, &c., were similar to those of Bologna.
The president was Professor E. Beyrich, and the general secretary, Mr. W.
Hauchecorne. These two geologists, it may be mentioned, are the directors of
the new geological map of Europe, by far the greater share of the work upon
which has been undertaken by them. The honorary president, Professor H.
von Dechen of Bonn, who attended the meeting throughout, belongs to the
generation of geologists who were contemporaries with Lyell and Murchison.® It
would be difficult to name any one more generally respected throughout the
scientific world. Professor G. Capellini, the able president of the Bologna Con-
gress, also attended the meeting.

1 The number actunlly present at Bologna was 225, of whom 160 were from Italy.
3 His election as foreign member of the Geological Society of Loudon dated from 1837, or 24
years before the date of election of any other foreign member now living.
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In one important point the last congress differed from that which preceded
it. The whole of the time at Bologna was devoted to the discussion of questions
relating to nomenclature, geological and paleontological, or to map colouration.
At Berlin only a portion of each sitting was occupied with similar discussions, the
remainder being reserved for papers on various geological subjects and contri-
buted by writers from several different countries. TFhese papers will, it is under-
stood, be published in the volume containing the results of the meeting. It
is & question whether several of these papers—perhaps the majority—were not
better adapted for meetings of scientific societies than for presentation to a body of
geologists drawn from various nations. Some, indeed, irrespective of the subjects
treated, were scarcely of sufficient importance to deserve international attention.
On the other hand, the time devoted in the discussion of questions of the highest
importance was utterly insufficient, and such matters as the classification of tertiary
rocks and even the number of tertiary systems were not considered at all.

Arrangements at close of Bologna Congress.—In order to understand the pro-

ceedings at Berlin, it is necessary to refer to the arrangements made at the close
of the Bologna meeting. The principal objects of that congress were to agree
upon a system of geological nomenclature, to define a scale of colours for geological
maps, and to formulate laws for the regulation of paleontological nomenclature.
All of these projects were partially carried out, The terms to be applied to the
principal kinds of divisions under which it was proposed to classify sedimentary
rocks were noted, and designations approved for the corresponding divisions of
geological time. The colours for tertiary, cretaceous, jurassic and triassic beds,
and for crystalline schists, were accepted, those for paleozoic systems being referred
to a committee appointed to arrange for the publication of a geological map of
Europe. Some simple rules for palzontological nomenclature were also discussed
and approved by a majority.
" In addition to the progress made in coming to an agreement upon the various
propositions laid before the_congress, it was resolved to appoint a committee for
the preparation and publication of a geological map of Europe on the scale of
1:1,500,000 (23:67 miles to an inch), and to this committee were referred for
further consideration various details connected with colouration, such as the tints
to be adopted for paleozoic rocks, as already mentioned. Another and larger
committee was appointed to carry on further the attempt at rendering geological
nomenclature uniform.

International committee meetings in 1882 and 1883.—Meetings of both these
committees were held simultaneously at Foix (Southern France) in September
1882, and at Zurich, in Switzerland, in August 1883. Both meetings were very
fairly attended, and I was able to be present on both occasions. The proceedings
at Foix were for the most part preliminary, and it was chiefly at Ziirich that the
actual discussion on nomenclature took place.

Meantime considerable progress was made with the topography of the new
geological map of Europe, and a conrplete scheme of geological colours was pro-
posed at Foix. It will be necessary to revert to this subject because several of the
decisions of the congress at Berlin refer to this map, and consequently have not
the same scope as the decisions of the Bologna meeting.

Ll — L—- = - = - - —
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The most important question in geological classification,—more important than
the definition of such terms as group, system, era, period, &c.,—is the formation of
a geological time scale, by which to compare the sedimentary formations of differ-
ent countries. Up to a certain point there is a fairly general agreement. Nearly
all geologists consent to a sub-division of sedimentary rocks into palmozoic,
mesozoic, and ceenozoic or tertiary; and several of the systems and even the
geries into which each of these groupsis divided are also generally recognized ;
but there are some sub-divisions, such as the so-called Quaternary, the Permian
and Rhetic, the rank or the affinities of which, or both, are far from being defi-
nitely fixed.

The discussion at Ziirich was chiefly directed to the determination of the sys-
tems into which the greater groups should be divided. The divisions proposed
at Foix for the map of Europe by a committee of German and Austrian geolo-
gists! assembled for the purpose were the following :—

Gueiss and Protogine.
Crystalline Schists.
Phyllites (azoic slates, &c.).
Cambrian.
Lower Silurian,
Upper Silurian,
Lower Devonian.
Middle Devonian,
Upper Devonian.
10. Lower Carboniferous (mountain-limestone, &c.).
11. Upper Carboniferous (coal-measures, millstone-grit, &c.).
12. Lower Permian (Rothlicgendes).
13. Upper Permian (Zechstein, &c.).
14. Lower Trias (Buuter).
15. Middle Trias (Muschelkalk).
16. Upper Trias (Kenper).
16}. Rhatic (provisionally).
17. Lower Jurassic (Lias).
18. Middle Jurassic (Dogger, including the Callovian).
19. Upper Jurassic (Malm with Tithonian and Purbeck).
20. Lower Cretaceous.
204. Gault (provisionally).
21. Upper Cretaceous.
. 22. Eocene.
22}. Flysch (provisionally).
28. Oligocene (with Aquitunian).
24. Miocene.
26. Pliocene.
26. Diluvium (Pleistocene).
27. Alluviam.

P

coNom

Rhetic, Gault, and Flysch were merely inserted as provisional terms.
Before the meeting of the committees at Ziirich, a circular was sent by the
president, Professor Capellini, pointing out that there were seven questions of

3 Including Professors Von Dechen, Giimbel, Von Hauer, F. Roemer, and H, Credner, besides
Professor Beyrich and Mr. Hauchecorne.
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particular interest requiring solution, in order that the geological classification to
be employed in the map of Europe should be determined. These questions
wWere—

1. Do you approve for the index to the map of Europe of the 27 stratigraphi-
cal divisions mentioned on page 8 of the Record (compte rendu) of the
Foix proceedings, or do you wish for any modifications, and what are
they P ’

2. Are you of opinion that the Rhetic should be united to the Lias or to the
Trias P

3. Should the Gault be joined to the lower or to the npper Cretaceous P

4. Should the Flysch be united to the Eocene or to the Oligocene ?

B. The congress not having yet determined the conventional colours for
paleeozoic periods, do you approve of the following proposed by the
directors of the map P

Cambrian, reddish grey.

Lower Silurian, dark sage-green! (vert-soie).
Upper Silurian, pale »

Lower Devonian, dark-greenish brown.
Middle Devonian, mediam ”»

Upper Devonian, pale »

Lower Carboniferous, bluish grey.

Upper Carboniferous, grey.

Lower Permian, burnt sienna.

Upper Permian, sepia.

. 6. Be s0 good as to propose a term as the chronological equivalent of assise,
to represent from this point of view, divisions of the fifth order.
7. Would you recommend that the terms group and series should be inter-
changed, as was proposed at Foix ; that divisions of the first order
should be called series, and those of the third order groups ?

To these questions replies were sent by a few national committees. Questions
2, 3, and 4 are really part of question 1, and they were discussed at Ziirich before
the others.

On the subjact of the Rhestic opinions were greatly divided. In Franceand
England the Infra-lias, Avicula contorta or Penarth beds are so intimately con-
nected with the Lias that for a long time they were classed as a partof it. In
the Eastern Alps on the other hand, asin the Himalayas, the Rhetic beds are
much more developed and form the uppermost portion of the Triassic system.
Lastly, in Franconia the Rhetic beds are actually intercalated in the uppermost
clays of the Keuper. A compromise was finally adopted for the map of Europe,
the Rhaotic being represented by coloured cross-lines applied either to the Triassic
or Jurassic colour, according to what was considered correct in different localities.

1 Mr, Blanford did not translate vert-soie, and I cannot find the term in any available
authority, living or printed. Mr.T. Wardle, an expert in the technology both of colours and of
silk, has given me ‘sage-green’ as the nearest term for the silurian colour in the ¢ Gamme des
couleurs’ issued by the international map committee, and this is presumably the vert-sote of the
text.—H. B. M,
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The union of the Gault with the upper or the lower Cretaceous was also a
matter on which there was much diversity of opinion. The majority were in
favour of dividing the cretaceous into three series, and of making the (Gault and
upper Greensand (Cenomanian) the middle division; but if this were found im-
practicable in the case of the map of Europe, it was agreed though not without
strong opposition to include the Gault in the lower Cretaceous.

The Flysch, it was shown by several geologists, is not a distinct and definite
sub-division, but a peculiar petrographical condition of beds that are of various
ages, some being cretaceous. It was unanimously agreed to omit the name from
the map altogether.

These preliminary questions having been settled, the remaining divisions to
be adopted for the map of Europe were discussed, commencing with the lowest,
and the following decisions were arrived at.

It was agreed unanimously that the three lowest divisions should be united
into a single system, to be termed Archean.? It was urged that some other term
than Phyllites should be used for unaltered or slightly altered Pre-cambrian beds.

The union of Cambrian and Silurian into a single system with three sub-
divisions was supported by 8 votes out of 10 who voted.

The Devonian was recognised as a system divided into three series; it was
however pointed out that this system is far inferior in development to the united
Cambrian and Silurian.

On the question whether the Permian should remain a distinct system, or
be classed as the uppermost series of the Carboniferous, the votes were
equally divided. It was however agreed that one sub-division sufficed for the
Permian, the Zechstein being represented by a special marking on the Permian
colour.

The Trias was not discussed. It should however be mentioned that the old
classification under which this system is divided into Bunter, Muschelkalk, and
Keuper, is oppused by many geologists, who urge that the alpine sequence, com-
posed entirely of marine beds, is more typical and affords better characters for com-
parison than that of Central Germany, where two of the sab-divisions, Bunter and
Keuper, are nearly or entirely destitute of marine fossils, whilst the fauna of the
Muschelkalk is peculiar and local. The alpine beds show that there is no distinc-
tion between the faunas of th ebeds representing Muschelkalk and Bunter respect-
ively comparable with the difference between these two lower marine sub-divi-
sions, and that representing the Keuper, and consequently that a twofold and
not a threefold division is indicated.

After considerable discussion the limit between middle and lower Jurassic was
drawn below the beds with Ammonstes opalinus (upper Toarcian)and that between
upper and middle Jurassic at the base of the Callovian,

This was practically the close of the session, the cretaceous sub-divisions
having been previously discussed. No attempt was made to enter upon tha

subject of tertiary systems.

1 At the Berlin congress, ss will be seen, the term group was substituted (in this cormection)

for system.
B
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At a previous sitting, however, the classification to be adopted for igmeous
rocks had been discussed at some length. The original proposal made at Foix by
Professor Beyrich, one of the directors of the map, was to divide igneous rocks into
five classes,—granitic, porphyritic, melaphyritic, trachytic, and basaltic.! (There
was a still earlier proposal by the Hungarian committee in 1881 to adopt five
classes, but melaphyre and its allies were omitted and a separate group of modern
volcanic rocks added.) At Ziirich two proposals were brought forward, one by the
Swiss committee of nomenclature, the other by Professor Neumayr, the Austrian
member of the International Committee. The former pointed out that, as in
Europe, ‘there were very few mesozoic eruptive rocks,? it was easy in a map of
that continent to divide igneous formations in general into two groups, ancient and
modern, and that each of these might be again divided into basic and acid. A
fifth sub-division might be made for recent volcanic rocks, but this appeared of
more donbtful necessity. Professor Neumayr proposed seven sub-divisions, gra-
nites and diorites, porphyries and melaphyrs, trachytes and basalts, and serpen-
tines. The directors of the map accepted the principle of the Swiss Committee’s
report, but with the addition of a special tint for ancient porphyries (felsite, &c.),
in order to distinguish them from granite and its allies, and another as proposed
by Professor Neumayr for serpentines.

Another proposition brought forward by Professor Neumayr received general
assent. This was a scheme for the preparation and publication, under the guid-
ance of a Committee appointed by the congress, of a Nomenclator Pal@ontologicus,
containing the names of all published spécies of fossil animals and plants with
references. :

The questions 5, 6, and 7, previously mentioned, were not discussed at the
Ziirich meeting, nor brought before the congress at Berlin, but replies to some of
them were sent in by some of the national committees. A few propositions weremade
with regard to the colours for palwozoic rocks, but they appear hitherto to have led
tono result. The word phase was proposed by the Swiss committee and adopted by
some others as the equivalent of the term assise3 The employment of the word
geries instead of group for the greater geological divisions (paleozoic, &c.), and
of group instead of series for sub-divisions of systems, was considered desirable
by several committees (French, Swiss, Spanish, Portuguese). One or two however
were opposed to it, and from many no reply was received. It may be remarked
here that the council at Berlin decided by a large majority not to reopen any
question on which a decision had been taken at Bolognq..

Berlin Congress.—After the Ziirich meeting of the International Committees
very little was done for two years. At the Berlin meeting of the Congress two
printed reports were presented, one on the geological map of Europe, the other
on nomenclature.

1 This was virtually founded on the view generally held in Germany that there is a radical
petrological distinction between ancient eruptive rocks to which the three first classes belong and
later igneous formations.

3 It need scarcely be remarked that the reverse is the case in India.

1 No good English equivalent has been suggested for this term. The proposal to use ‘beds ’
in Englieh is not likely to meet with general acceptance.
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The report on the geological map of Europe was drawn up by Professor’
Renevier, Secretary to the Committee, and referred mainly to details of publica-
tion, management, &c. The only conclusions of general importance related to
colouration and to the classification of rocks. The following is the classification
that appears to have been adopted :—

Sedimentary formations.
Quaternary.
Pliocene.

Miocene.
Oligooene
Eoocene.

{ Upper Cretaceous.
Lower » (Gault included).
Upper Jurassic.

{ Middle Jurassic.
Lower Jurassic,
Upper Trisssio.
Middle Triassic.
Lower Triussic.
Permian.

Upper Carboniferous.
Lower »

¢ Upper Devonian.
iMiddle Devonian.
Lower Devonian.
Upper Silurian,

{ Lower Silurian.
Cambrian.

(Azoic Slates.
Crystalline Schists. .
Gneiss.

Eruptive formations.
Granite, Syenite, &c.
Porphyry.

Trachyte, Phonolite, &o.
Melaphyre, &c.
Serpentine.

Basalt, Dolerite, &c.
Recent eruptions.

The colours for palmozoic rocks proposed by the Committee, and adopted by
the Congress, are grey for Carboniferous and brown for Devonian. For Silurian a
dark green was used in the provisional scale of colours employed in some preli-
minary trials, but was found to be too nearly similar to the cretaceous colonr
The question of the colour to be used for Silurian, including Cambrian, was there-
fore again referred to the map Committee.!

1 It may here be remarked that the adoption of violet for Trias after baving been proposed
for Silurian by several national committees, and recommended in the printed reports of the Inter.
national Committee laid before the Bologna Coungress, has apparently led to great difficulty in the
selection of a suitable colour for Silurian.
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For the seven sub-divisions of igneous rocks seven tints of red from bright
light-red to deep brownish-red were proposed. The brighter tints were reserved
for acid rocks and recent eruptions, browner tints for basic rocks. '

Some minor questions of detail were also noticed. Thus it was proposed in
cases where the system to which a rock belonged is known, but the sub-division is
uncertain, to use the medium tint of the colour with the initial letter of the sys-
tem by itself. When the sub-divisions are known, but the scale of the wap is
insufficient to represent them separately, the medium tint of the colour, it was
suggested, might also be employed, but to the initial letter should be added the
smaller letters or numbers indicating the different divisions.® Lastly, in case of
beds of which the system itself is doubtful, the colour of the most probable period
might be employed, with white spaces, and with the addition of a mark of doubt
to the letter representing the system. These points were left to the decision of
the map Committee.

It must be remembered that the conclusions accepted by the Congress so far
relate solely to the map of Europe. For instance, no opinion whatever has been
expressed as to the best classification of igneous rocks. The seven sub-divisions
are merely & compromise adopted for the map.?

The report of the Committee for establishing uniformity of nomenclature was
drawn up by the Secretary, Professor G. Dewalque. It commenced by recapitu.
lating the decisions of the Bologna Congress,’ then called attention to those para-
graphs of the report* presented to that Congress on which no vote was taken. The
remainder of the report laid before the Berlin Congress was occupied by proposi-
tions for the names to be applied to systems and to their principalsub-divisions or
series, and for the limits to be drawn in doubtful cases.

The reports of the German, Belgium, Spanish, French, Hungarian, Portu-
guese, Roumanian, and Swiss committees, were appended. The very full reports
of the English committees were printed in English and distributed separately.

So very little of the report was even discussed by the Congress, that it is un-
necessary to translate any portion of it. The points on which conclusions were
adopted were the following :—

L —After considerable discussion, it was agreed to class pre-cambrian rocks
as a group and not as a system, and to use the term Archean for this
group. A triple division, us already noticed, was adopted for the
map, such division to be purely petrological and not to involve the
idea of chronological succession.

II.—The term Silurian or Siluric was adopted for the combined Cambrian and
Silurian systems. The consideration of the sub-divisions to be intro-
duced in this system was postponed.

1 For the literal notation, see Rec. G. 8. L. xv, p. 74, Rule 7.

3 It bas been repeatedly observed that it is illogical to claseify igneous formations by their
petrological character, whilst in sedimentary rocks the geological age alone is regarded as a basis
for classification and lithological composition ignored. The classification adopted for eruptive rocks
is not likely tn be generally accepted, and will certaiuly not be adopted by English geologists.

8 Rec. G. 8. L. xv, pp. 70.-71.

¢ Ibid, p. 70.
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III.—It was agreed to accept the terms Rhenan, Eifelian, and Tannuenian, for
lower, middle, and upper Devonian series, respectively.

IV.—The question whether Permian and Carboniferous should be united into
one system, produced by far the best debate in the Congress. The re-
tention of two distinct systems was urged by some German, English,
and French geologists, but opposed by others ; whilst geologists from
other parts of the world almost univerally advocated the union of the
two. The fact is that in Western Europe the Permian rocks are not
only very distinct in lithological character, but they are in many
places separated from the Carboniferous by well-marked unconformity;
Indeed in parts of Western Europe, and especially in England, there
appears both lithologically and stratigraphically a closer connexion
between Permian and Trias, the two forming together the New Red
Sandstone of the earlier geologists, than between Permian and Car-
boniferous. On the other hand, it was poin‘ted out that the true Per-
mian, the Dyas of some geologists, is peculiar to Europe; that the
marine fauna (Zechstein) is closely allied to Carboniferous, and has no
claim to separation, some of the species and nearly all the genera being
found in true Carboniferous beds; that beds representing the Permian
in other countries are merely upper Carboniferous beds,* and that dis-
tributions founded on lithology and unconformity are only of local value.

The discussion was the more noteworthy because, instead of terminating
by a vote, as was done in similar cases in Bologna, where some of the
decisions were only carried by very narrow majorities, the meeting
accepted the suggestion of Professor Neumayr and abstained from a
division.? It is however probable that had a vote been taken, a large
majority would have been in favour of the union of the Permian with
the Carboniferous.

V.—It was agreed to divide the Triassic system into three series, but the
limits were not defined.

VI.—The division of the Jurassic system into three series was unanimously
adopted. The question as to the limits to be assigned to the different
series was postponed, and also the determination as to the affinities of
Rhsetic beds.

The remaining questions as to the divisions of the cretaceous system, the
classification of tertiary systems, and the whole subject of igneous rocks, were
practically left almost untouched. No attempt at any decision was made.

3 I pointed out in reference to this question, the singularly important evidence afforded by the
strata of the Salt-range, where, as Dr. Waugen has shown, the upper Produc(us-limestone beds,
although they contain far more Triassic genera than the Permian of Europe, and although they
yield Ammonites and Ceratites, are intimately connected by identicul species with the middle and
lower Carboniferous beds underlying them. Judging by their fauna, these Salt-range upper Pro-
ductus-limestone beds are probably newer than the European Permian (Zechstein), yet there is no
reason for classing them in a system distinct from the Carboniferous.

3 I pointed ous, Rec. G. 8. L. xv, p. 66, the manifest objection to an attempt in a congress,
the majority of members attending which belong to one nation, to settle difficult and disputed
questions by a vote.
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The committees for the map and for geological nomenclature were re-appoint-
ed. a very few personal alterations being made, and it was arranged that meetmgs
should be held in the course of the next two years.

It was determined that the next triennial congress be held in 1888 in Lon-
don, and, so far as can be determined beforehand, between August 15th and Sep-
tember 15th. A small committee of English members was nominated to carry out
the necessary arrangements.

In-contrasting the two congresses that I have attended the greatest difference
is that, in that of Bologna, there was an endeavour made to settle difficult ques-
tions by the vote of a majority, whereas this was no longer attempted at Berlin,
it having been recognised by all that a congress is not a body qualified to remove
international differences by voting. Irrespective too of the much smaller time
given to discussions on such subjects as nomenclature,” there was a great falling
off in what may fairly be termed geological hobbies, snch as the adoption of the
solar spectrum as a basis for geological colouration, and a change, for the sake of
uniformity, in the terminations of names applied to systems, &c. There was also
much less talk, perhaps partly because Germans, though well acquainted with
French, are less fluent in speaking it than Italians. On the whole the tendency
appears to be to substitute action for discussion, as is seen in committees for the map
of Europe and for a Nomenclator Pal@ontologicus having replaced those on map
colouration and rules of palmontological nomenclature. The great importance of
the congress is clearly due to the opportunity which it affords to the geologists of
different countries to meet and become acquainted with each other.

Note on some Palmozoic Fossils recently collected by Dr. H. WARTH 4n the Olive
group of the Salt-range, by W. WaagEx, Pr.D., F.G.S. (With a plate.)

This title will appear rather startling to those acquainted with the geology of
the Salt-range ; but on a closer examination the fact indicated is in reality not so
strange as it appears at ﬁrst sight.

The * Olive group” is more than any other formation of the Salt-range a
true Proteus in its composition and general appearance, and, what is even worse,
can only with very great difficulty be distingunished from the beds on which it
rests, though the junction is always a discordant one. I need only recall the
doubt that existed as to the age of the beds in which Zerebr. flemings, Dav., was

ound. By all previous writers these had been united with the underlying
palmozoic beds, whilst in reality they belonged to the ‘Olive group” and were
in time about equivalent to the Deccan traps and the Cardita beaumonti beds,
as distinguished by W. T. Blanford in Sind.

Just the opposite of what befell Dr. Fleming with regard to the beds contain-
ing Ter. flemingi, seems to have happened to Mr. Wynne, with certain beds
which he united with his ‘ Olive group,” whilst in reality they belong to the
palmozoic series below. I have myself hitherto accepted this view of Mr.
Wynne's, because there were no obvious reasons to doubt it. It must be born in
mind that I was sent to the Salt-range, not to control Mr. Wynne’s survey,
but to study the succession of the different faunas there, and I wisely abstained
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from meddling with beds which were then considered to be unfossiliferous.
There was indeed no occasion for this control, as Mr. Wynne’s survey has proved
in all cases perfectly correct. The mistake of having united a single unfossil-
iferous bed with the overlying series of rocks instead of with the underlying one,
only becomes apparent after the age of this bed can be exactly determined.

On page 69 of his Salt-range report? Mr. Wynne characterises the group as
follows : ¢ Olive, reddish, and white sandstones, calcareous beds, black shales with
boulders ; Terebratule and bivalves, 150 to 350 feet.” This is, however, .only
a general characteristic, and chiefly taken from the eastern parts of the Salt-range,
as in the western parts neither the Olive sandstones mor the boulder beds have
been found within this group. It needs only a look on the sections on pages 190,
194, 206, &c., of Mr. Wynne's report to become convinced of this. In all these
western localities the group is composed of variegated sandstones, shales,
glauconitic or pisolitic beds and hematite, in which fossils are not at all rare.
These fossils are very characteristic, and absolutely identical with those found
in the Cardita beaumont: beds of Sind. The beds with Terebr. flemingi belong
decidedly to this series. Inthe eastern parts of the range the section is a quite
different one. A few examples taken from Mr. Wynne's report may suffice to
illustrate this. On pages 165 and 166 the following section is drawn up from
the cliffs below Daunddt : —

Peet.
1. Nummulitic limestone . . . . . . . . .« 200
2. Coal shales, traces to westward,
Talus, room for 160 feet of beds. :
8. Red shales . . . . . . . . . &6
4. Light-coloured sandstones . . . . . . . . 20
5. Shales . . . . . . . . . . 20
6. Whitish su.ndstones . . . . . . . . 14
7. Red clay or shale . . . . . . . . . 36
8. Greenish shales . . . . . . . . 28
9. Metamorphic pebble oonglomente . . . 12
10. Red shaly and flaggy zone (salt-pseudomorph band) . . . 120

The beds Nos. 3 to 9 Mr. Wynne considers as representing his Olive group.
Here already a 12-feet bed of metamorphic boulders appears at the base of
the group. The Olive sandstones, however, are not yet distinctly developed.
Further to the east a section has been measured by myself in the vicinity of
Sadowal. It is printed on page 154 of Mr. Wynne's report. The section runs as
follows, leaving aside the details of the beds ahove the strata that are here of
special interest:—In this section the beds from 13 to 15 must very probably be
taken as representative of Wynne’s Olive group; it may, indeed, be said that the
section is a typical one.

Poot.

1—12. Variegated sandstones with coal seams . . 83

18. Dark greenish-gray shale and thin-bedded undstone . 80 to 40
14. Thick grayish-green sandstone with xrreguhr beds of gnvelly

conglomerate and bivalves . . .. .« 15 t0 20

15. Boulder conglomerate . . 8to30

16. Dark purple shale with thin bnnds of greenmh sandstone . . 60
17. Red thin-bedded sandstones and flugs with salt-pseuduinorphs . 100

1 Memoirs, Geol. Sur. India, vol. XIV (1878).
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The most easterly localities where the group has up to the present been
observed are in the country round. Bhaganwala. At page 138 of the report
there is a section of the'coal locality there, which shows the following eub-
divisions in these beds :—

Feet-
1. Yellow fossiliferous nummaulitic limestone . . . . .11
2 Black shale . . . . . . 8
4. Coal shale, including 8 foet 6 mehel cod . . . . . 14
6 Gray lumpy sandstone . ]

6. White ferruginous sandstone, coarse qmrtl gnmo and nnctnom whlto
clay matrix, with black shaly and carbonaceous veins and strings,
and delicate purple and green urthy layen above, eonglomemtic at
base 21

All these beds are headed “ Nummulmc ” by Wynne, bnt the conglomerates at
east may represent the Olive series, as it is stated on the same page of the report
that large erratic blocks indicate the presence of the group in this neighbourhood.

In these eastern sections the Cardita beaumonti beds are nowhere conspicu-
ous, and they have not been known to exist until recently detected at several
places of the eastern Salt-range by Dr. Warth, who sent me very numerous
fossils, including Cardita beaumonts and Corbula harpa, from the country round
Choya-Saidan-Shah, &c.

These Oardita beaumonti beds are situated here between the coal and the Olive
sandstones of the Olive group, but are so intimately connected with the eoal that
these latter very probably will also have to be considered as belonging to the
same group.

From these deductions it appears that whilst in the western parts of the Salt-
range the Olive group includes nothing but the Oardita beaumonts beds, in the
eastern parts of the range yet another group of beds is contained in it, of which
the boulder bed is the most conspicuons member ; and it is to this boulder bed that
I wish to draw the particular attention of the reader, as just at the upper limit of
it have been found the fossils which are referred to at the beginning of this paper.

The section at a place near Dillour, where most of the fossils have been
found, is, saccording to a communication I have received from Dr. Warth,

as follows :—

Feet,
Nummulitic limestone.
Space concealed ; at other places here come the coal-
seams and the beds with Cardita beaumonti.
< Olive soft sandstone . . . . . . 160
Olive Group - <1 ¢oncretions with fossils.
Boulder bed
Pseudomorph salt-crystal zone.
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The fossils occur in a very thin bed, just at the top of the boulder bed. They
are contained in brownish sandy concretions, which are generally crowded with
individuals, in which, however, not very numerous species are to be found.
Though the bed has been searched very diligently by Dr. Warth, and a native
was occupied for weeks to collect fossils in it, yet the number of species is not
greater than ten, some of which have however been found in many hundreds of
specimens. The concretions are all of about the same size and mostly of an
oval shape. All of them are not fossiliferous : Dr. Warth found only one con-
taining fossils among every twenty of them. But when fosmls are present they
are often in great numbers.

The most common forms are Conularie, of which hundreds of specimens
have been found. Next come specimens of Serpulites, which are however very
much rarer: all the other fossils have been found only in sporadic specimens.
The most abundant of all is & Conularia, which can be identified with all possible
certainty with Conularia levigata, Morr., from carboniferous beds of Australia.

1. Conuraria LZVIGATA, Morris, Pl I, fig. 1.

1845. Comxlaria levigata, Morris: in Strzelecki, Phys. descr. of New South Wales,
p. 290, pl. XVIII, fig. 9.

1877. Comalaria levigata, (Morr.) Koninck : Foss. Paléos. de la Nouvelle Galles du Sud,
p. 818, pl. XXIII, fig. 1.

This species attains rather comsiderable dimensions, but by far the greater
number of specimens found in the concretions are small young specimens; only
exceptionally are individuals met with so large as the one figured by me, or
even larger. The species is somewhat variable, as I have tried to illustrate by
different figures.

The most striking characters, which always hold good, are—first, the rectangu-
lar, not quadratic, section of the cone, the always smooth condition of the ribs,
and the very regular distribution of these, so that always ten to twelve can be
counted within the distance of 10 mm.

The variability of the shell chiefly consists in the arrangement of the ribs,
which are generally arranged in such a manner that in the middle of the faces of
the pyramid, where the ribs meet under an obtuse angle, they alternate with each
other ; sometimes however in one and the same specimen Qhey do mot alternate
but unite directly with each other, and then form simply bént lines.

The species seems to be most nearly related to Conularia ornata, d’Arch.
and Vern., from the devonian, and to Conularia quadrisulcata, Sow., from the
carboniferous period. From both it is different by its rectangular section;
from the former also by its smaller apical angle, which is only 15° whilst
it is 20° in Oonularia ornata, and from the latter by its coarser transverse
striation.

There cannot, I think, be much doubt about the determination of this form.
The transverse section, the number of ribs, the apical angle, all are identical with
Conularia levigata, and thus we can safely unite the Salt-range form with the

Australian species.
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2. CoNvLARIA TENUISTRIATA, M‘Coy, Pl I, fig. 3.

1847. Conularia tenuistriata, M‘Coy: Anv. and Mag. Nat. Hist., Vol. XX, p. 807, pl. 17
fig. 78. .

1877. Conflan'a tenuistriata, (M‘Coy) Koninck : Foss. Puléoz. de lu Nouv. Galles du Sud,
p- 310, pl. XXI11, fig. 2.

This species is much rarer than the preceding; there is only a single well-
preserved specimen of it among the materials at hand. The characters of the
species are however very easily traceable, and thus the specimen can be deter-
mined with perfect certainty. '

The shell must have been extremely long, as the apical angle is not more than
10°. The transverse section of the pyramid is somewhat lozenge-shaped, possess-
ing, however, two broader and two considerably narrower faces. The latter are
rather deeply impressed in the middle. The four faces are covered with a rather
fine transverse plication. The single folds are broken in the middle of each face
and there mostly alternate. The folds are smooth on the top and very fine.
There are nineteen to twonty within the space of 10 mm. In the grooves between
the folds a very fine oblique striation is observable, These characters will
suffice to recognise the species.

As has been rightly remarked by Mons. de Koninck, the species is most nearly
related to Conularia gerolsteinensis, d’Arch, & Vern., from Rhenish devonian beds,
but can be distinguished from that species by the more acute apical angle and
the smooth, not granulated, ribs that cover the faces of the pyramid. Conularia
tenuistriata was originally described, like Conularia leviyata, from carboniferons
beds of Australia.

’

3. Coxnurarna cf. IRreGULARIS, Kon., Pl I, fig. 2.

1843. Counularia irregularis Koninck: Descr. des anim. foss., p. 496, pl. XLV, fig. 2.
18838. Conularia irregularis, Koninck: Faune du Cale. Carb. de la Belgique, Ann. du
Mus. Roy., Vol. VIII, p. 222, pl. LIV, fig. 1—8.

There is only a single fragmentary specimen which might perhaps be assigned
to the above species: a quite safe determination of the species is however impos-
sible, on account of the very fragmentary state of the single specimen.

Though on a first glance the specimen seems to bear a rather great resem-
blance to Conularia levigata, Morr., one soon finds on a closer inspection that it is
different from all the other Conulari® occurring in the concretions by granulated
ribs; also the apical angle is quite different, being about 25° between two oppo-
site angles of the cone. By these characters it approaches Conularia irregularis
nearer than any other species; moreover as the transverse section of the cone is
an elongated rhombus, very much resembling fig. 4 of the drawings in the Annales
du Musée Royal.

The specimen is, however, rather small, and the ribs somewhat coarser than
as represented by Mons. de Koninck, though they are not dissimilar to the draw-
ings. These discrepancies, however, prevent me from directly uniting the Indian
specimen with Conularia irregularis.

The species was originally described from the mountain-limestone of Visé.
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4. Bucaxn cf. EaTTAENSIS W.
1880. Bucania katlaensis, Wangen : Salt-range Fossils, I, p. 161, pl. XIV, fig. 6.

Again a specimen which cannot be determined with safety. The specimen
consists of an internal cast only, but the enormously broad slitband, the impres-
sion of which can be made out, recalls strongly the same feature in Bucuniu
kattaensis, wherefore I have united this cast with it.

It would not be at all astonishing that a species of the lower Productus-
limestone should occur in the concretions.

5. Nucuora, sp. indet., Pl I, fig. 6.

It is in general of an oval shape with rather inflated valves. The figured
specimen is an exceptionally small one.

It might be compared to quite a number of sgecies, but as the determination
of this form is of no value whatever, I shall abstain from such a comparison.

There have altogether been found three specimens of this form.

6. Atomopesma (P) warTHI, Waagen, n. sp., Pl I, fig. 7.

This species is represented by some not very well preserved specimens, and it
is rather doubtful to what genus it should be assigned.

There is no specimen in which the hinge could be seen, but the general form
is not dissimilar to Atomodesma ; I may therefore assign the species to that
genus,

It is chiefly characterised by a strongly inflated apical region. The substance
of the shell is rather thin, and therefore mostly not well preserved. It shows
very fine concentric striation on its outer surface. On the internal casts & more
coarse concentric plication appears, which is crossed by a very fine and rather
indistinct radial striation.

7. AvicuLopecTEN cf. LiMaxFoRMIS, Morris, Pl. I, fig. 8.

1845. Pecten limaformis, Morris, in Strzelecki: Physical descr. of New South Wales,
p. 277, P1. X111, fig. 1.

‘1877, Aviculopecten limaformis, (Morris) Koninck: Foss, Paleos. de Ia Nouvelle Galles
du Sud, p. 291, Pl. XXII, fig, 4

The only specimen that has been found up to the present is fragmentary, and
very considerably smaller than the one figured by Morris; it can nevertheless be
compared in general appearance to that species, as the character of the not-
divided ribs is very similar.

Av. limeformis is again an Australian carboniferous species.

8. Discina, sp. indet., Pl 1, fig. 9.

A very large Discina, of which, however, there is but one imperfect specimen.

Fragments of both valves are preserved, and the slit-like aperture of the lower
valve can be well distinguished. Both valves are rather flat. The upper valve
seems to be granulated on its outer surface. Otherwise both valves are orna-
mented only with a fine concentric striation.
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As no other characters can be made out, it seems not advisable to express any
opinion as to the specific affinity of this shell ; nevertheless it must be remarked
that we have to deal here with & true Discina and not with one of the genera that
occur in the Neobolus bed of the Salt-range.

9. SerpuLITES WARTHI, Waagen, n. sp., Pl. I, figs. 4, 5.

Next to Conularia levigala this is the most common species in the concretions.
It belongs to that group of forms which bear no marginal thickenings, and is
very nearly related to a species from the lower Productus-limestone to which I
have given the name of Serpulites indicus W.

From this latter species the present one is distinct by its much smaller size.

This group of forms, without marginal thickenings, has till very recently not
been known to occur above the silurian period, but the species from the Produc-
tus-limestone demonstrates thaf such species can occur also in much more recent

strata.
10. SERPULITES TUBA, Waagen, n. sp.

Together with the preceding species occurs a much smaller one, with an en-
larged trumpet-shaped mouth; I introduce for it the above name. It is much

more rare than Serpulites warthi
To sum up, after the description]of the several forms we find the fauna con-

tained in the concretions to be composed of the following species :—

Bucania cf. kattaensis W.
Conuluria levigata Morris.
tenuistriata M*'Coy.

»” of. irregularis Kon.
Nucula sp. indet.
Atomodesma (?) warthi W.
Aviculopecten cf. limaformis Morris.
Discina =p. indet,
Serpulites warthi W,

» tuba W.

”»

It must be confessed that this fauna is not very large; nevertheless it can
positively be affirmed that it cannot possibly be a mesozoic fauna, but that it
must be considered as belonging to the palmozoic series. The occurrence of
hundreds of specimens of Conularia give it an entirely palmozoic character.

The whole fauna is however almost entirely new to the Salt-range; only the
Bucania cf. kattaensis W. has been formerly described by me from the lower
Productus-limestone of Katta. The determination of this species cannot how-
ever be made with sufficient certainty, as only a single internal cast is available.
Quite different is the case with the Conularie. One of them (Con. levigata) at
least has been found in hundreds of specimens, and its determination is above
any doubt; the determination of the other (Con. tenuistriata) is also quite safe.
Now these two forms are identical with species that were originally described
from Australia, from beds there intercalated with coal-seams, and in which at
the same time numbers of Producti, Spirifera and other similar fossils occur, in-
dicating a carboniferous age for those beds. To the same horizon point the
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Aviculopecten ¢f. limeformis Morr. and the COon. cf. irregularis K. though they
cannot be identified with certainty. The other species (Nucula sp. ind. and
Dus¢ina sp. tnd.) are new ; but they exhibit quite a pal®ozoic character, as also do
the Serpulites, or at least they do not contradict the palmozoic age of the whole
fauna,

On the whole if we consider th safely or approximately determinable species,
which are—

B ia . Kattaensis W,
Conularia l@vigata Morr.

» tenwistriata M‘Coy,

»  cf. srregularis Kon.
Aviculopecten ¢f. limaformis Morr.,

we see that all of them point towards a carboniferous age of the beds in which
they have been found.

There is however a circumstance which imposes some caution in this respect;
this is the occurrence of the concretions on the top of coarse boulder-conglomer-
ates, into which they may have been transported from afar, having previously
been washed out from some other older formation.

When the first concretion containing Conularie reached me from India, I was
convinced that it was a transported pebble and not in situ in the bed in which it
had been found. But after a time Dr. Warth sent me so many proofs in favour
of an opposite opinion, that at last I came to belive that these concretions were in
situ, and the age of the bed in which they occurred could be judged from them.
These proofs were the following : —

1. The concretions occur not irregularly thronghout the whole boulder-bed,
but are most distinctly restricted to a very thin layer just at the top of the bed,
where they occur rather plentifully.

2. This thin horizon has a very regular and constant horizontal distribution,
and Dr Warth was able to state its existence over more than ten square miles,
everywhere exhibiting absolutely the same characters.

3. The fauna contained in the concretions is a very uniform one, and points
distinctly to a single geological horizon. If the bed in which these concretions
are contained were of cretaceous age, and the concretions transported, a mixture
of the fauna with different foreign forms would be the necessary result, and it
is impossible that among the hundreds of fossils that have been collected not a
single triassic or jurassic species should occur or even any silicified specimen
from the Productus-limestone.

From all these reasons it results with absolute certainty, that the concretions
containing the above fossil are in situ, and that the bed in which they occur is of
carboniferous age.

Thus we have in the eastern parts of the Salt-range two constituents within
the Olive group of Wynne, one equivalent in age to the Oardita beaumonts
beds, of which the Olive group is solely composed in the western parts of the range,
and another below it containing a boulder-conglomerate which is of carboniferous
age, and restricted entirely to the eastern part of the Salt-range,
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There remains some difficulty in deciding what beds should be placed in the
upper part and what in the lower part of the divided group. The chief doubt is
with regard to the soft olive-coloured sandstones which overlie the bed with
Oonularie and contain sometimes bivalves of a Unio-like appearance. I should
be rather inclined to count these with the upper part, and to restrict the lower
part to the boulder-bed ; but I cannot give positive data in this respect, and just
the contrary may be correct. All depends on future finds of fossils.

This is a matter of no great importance. Of the greatest importance, however,
is that we have recognised the ¢ Olive group” to be composed of two members,
one of approximately upper cretaceous, and another of carboniferous age.

Some words have yet to be said upon the petrological character of the latter.
T have spoken of it a8 a boulder-conglomerate, and in fact the greater part of this
deposit is made up of boulders, often of quite enormous size, true erratic blocks,
which are imbedded in a dark-coloured shale, intermixed often with gravel or
coarse sand. The rocks of which the boulders consist are all of a very hard
nature, beautiful granites of different colours, syenites, different porphyries, green-
stones, quartz-rock, &c., but no rocks of a softer nature, like sandstone, &c, They
are mixed together in the most irregular manner, and have been taken by Mr.
Wynne a8 indications of the vicinity of a sea-shore. 'When I visited the Salt-range
I observed, however, in these boulder-conglomerates a great number of striated
pebbles, and recently Dr. Warth has also sent a number of them to Europe. He
writes at the same time that they are so common that he might get any number
of them if required. Such scratched pebbles and boulders imbedded in a soft
shale are always indications of the influence of ice action, and thus we must
admit for the formation of these boulder-conglomerates the collaboration of ice
on a grand scale.

We have thus now fixed two characters for the beds in which the Conularie
oceur, first that they are of carboniferous age, and second that they have been
formed under the influence of ice action.

There remains yet to look out for the equivalents of this boulder-conglomerate
in the western parts of the Salt-range, as carboniferous beds are well known to
exist there, and they must be in some relation to the carboniferous boulder-bed of
the eastern range.

It is a well known fact, that on the whole the Olive group, or perhaps more
properly speaking, the Cardita beaumonti beds, rest unconformably on the entire
paleozoic and mesozoic series of the Salt-range, but the unconformity is such a
slight one that in the single sections it cannot be observed at all, and can only be
made out by observing that in nearly every section this Cardita beaumonti group
rests on different beds.

If we start from the west we find at first the Cardita beaumonti group but very
little developed, a few beds of sandstone and heematite is all that can be assigned
to it. These rest on jurassic beds. Further east, for instance in the country

round Katwéhi, the group is well developed, full of fossils, but rests on the

Qeratite beds. At Nursingpohér it rests already directly on the compact Produc-
tus-limestone, the Ceratite beds having disappeared. In the Nilawén the compact
limestones have also disappeared, and the Cardita beawmonti group rests now
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directly on the Fusulina beds of the lower productus-limestone. We see that
thus the group comes into contact with beds which are more and more low in
the series as we proceed further towards the east, and going yet further eastward,
we suddenly find the carboniferous boulder-beds with Conularie appearing
below the Card:ita beaumonti group. These boulder-beds were entirely absent up to
this point in Wynne’s Olive group, but boulder-beds were not rare to the west at
a lower horizon, in, or at the base of, the speckled-sandstone group. Now just
where the boulder-beds with Conularie appear below the Cardita beaumonts beds ab
the base of Wynne'’s Olive group, the lower part of thespeckled-sandstone ought
to crop out from below the Olive group, according to the arrangement very regular-
ly observed from the western termination of the Salt-range up to the Nilawén.

We thus have in the first place to look to the speckled-sandstone for an equiva-
lent of the Conularia beds in the western Salt-range,

Mr. Wynnpe says of the speckled-sandstone at page 93 of his report: ‘This
group (No. 5) is even at its commencement conglomeratic in places. "It is
occasionally so throughout its extension, and far to the west where the groups
2 and 5 lose in thickness greatly, the conglomeratic character increases, the paste
being often earthy and the enclosed fragments large boulders of crystalline rock ;
but it is rather uncertain whether these beds may not belong to the purple-sand-
stone.” This finally expressed doubt has been solved by the Traus-Indus sections
which have since been examined by Mr. Wynne and in which the purple-sand-
stone is exposed below the boulder-bed.

It had for long been a puzzle to me, when I was in the Salt-range, that
there should occur there boulder-beds, which evidently were formed nnder the
influence of ice-action, at so different levels, as in the speckled-sandstone and in
the Olive group, then supposed to be entirely of cretaceous age; and I could not
realise the idea that in a country so near the tropics, at different and recurring
periods such a low temperature should have been prevalent as to cause the forma-
tion of large ice-masses.

That boulder-beds formed under the influence of ice-action are mot rare
in the western Salt-range is a well-known fact, and chiefly in the most western
parts as well a8 in the Trans-Indus continuation of the range these beds are of a
remarkable development. That ice was really greatly concerned in the forma-
tion of these beds appears beyond doubt, partly from the numerous striated and
scratched stones that are found in them, partly from the huge erratic blocks
which are off and on to be met with. We find these boulder-beds mentioned at:
. different places of Mr. Wynne's report. They are assigned there partly to the
magnesian., partly to the speckled-sandstone, but as the former is barely at all
distinguishable in the western sections a mistake is very easy, and it is certainly
not a great mistake to assign all these boulder-beds to one and the same large
group of rocks. Such boulder-beds are for instance mentioned at pages 214
and 237 of the report. As has been mentioned above they become more constant
and less often replaced by sandstones further to the west, and as we approath
the Indus the boulder-beds are the only rock that intervemes between the Pro-
ductus-limestone and the purple-sandstone or the salt-marl. A still more con-
spicuous development of these boulder-beds is presented in the Trans-Indus
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continuation of the Salt-range, and a look into pages 64 and 71 of Mr. Wynne’s
Trans-Indus report! will give a very fair idea of them, Mr. Wynne does not how-
ever exactly place these boulder-beds on a level with any bed developed in the Salt-
range proper, but on page 26 of the report he considers the speckled-sandstone to
be absent, and with regard to the boulder-beds he says: * Similar beds on this
horizon” (in the Salt-range proper), On the whole Mr. Wynne seems not quite
averse to the idea that all the boulder-beds of these mountain chains should at
least be compared to each other if they could not be reduced to one and the same
group of beds. He writes on page 68 of his report: “In the neighbourhood of
Kafirkot-south the red boulder group, with a thickness of 100 to 150 feet, is
occasionally exposed close on the bank of the Indus, appearing from beneath
shattered and disturbed carboniferous limestone layers. Here the beds with
boulders are somewhat below the top of the group; they contain blocks up to

one and a half feet across of red granite, dark basalt, limestone, white metamor- '

phic limstone, quartzose and other indurated rocks, embedded in a dark gray clay :
the assemblage strongly recalling both the western Salt-range infra-carboniferous
beds and algo the much newer conglomeratic clays of Chel-hill in the eastern part
of that range, supposed to occupy a cretaceous horizon,"”

From all that has been said in the foregoing pages it appears that there
exists a group of beds in the Salt-range, which is in the eastern parts of the range
mostly composed of sandstones, which off and on enclose a boulder-conglomerate,
while in the western parts the boulder-conglomerates predominate. This group
follows always below the Productus-limestone group and rests either on the
magnesian-sandstone, or on the Neobolus-beds, or on the purple-sandstone, or at last
on the salt-marl. From this it appears that it is in a more close connection
with the overlying than with the underlying beds.

As regards the age of this group containing boulder-beds, it is not difficult
of determination. The Productus-limestone has been described in detail in my
large work on the fossils it contains, and it has been shown there that three
divisions can be distinguished, of which the upper two have to be placed on a
level with the permian beds of Europe, whilst the lower one, containing Fusuline,
with very great probability must be considered as representing the upper-
most horizon of the coal measures. Now the speckled-sandstone which follows
below, and which contains the boulder-beds, is most intimately connected with
the lower division of the Productus-limestone, and must be placed with it in
one and the same group. It thus cannot be lower in the series than the coal-
measures of Europe and elsewhere, whilst the magnesian-sandstone and the
Neobolus-beds, which follow next below, and form together another group of
beds probably must be considered as the equivalents of the lower-carbuniferous.

After this excursion ou the boulder-beds of the Salt-range, we have now to
return to our Olive group, and the boulder-bed it contains. There follow three
things from the preceding considerations: 1, the boulder-beds of the Olive group
appear, geographically, just where the last remnants of the lower part of the
speckled-sandstone ought to crop out from below the Cardita beawmonti beds ;

1 Memioirs, Geol. Sur. India, vol. XVII, pt. 2 (1880).
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2, the boulder-beds in the speckled-sandstone, or which occupy elsewhere its
bathrological position, are in appearance extremely similar to the boulder-bed of
the Olive series; 3, the boulder-beds of the western Salt-range are probably of
the age of the coal-measures; for the boulder-beds of the Olive series have been
proved of carboniferous age by Dr. Warth's discovery of fossils in them.

From these three points it results with nearly absolute certainty, that the
boulder-bed of the Olive group is the last eastern remmant of the speckled-
sandstone group, and that this boulder-bed also must be considered as equivalent
in time to the coal-measures.

If thus all the boulder-beds of the Salt-range belong to one and the same
group, we have all at once a large glacial formation stretching through the whole
Salt-range during the time of the coal-measures. In speaking of a glacial
formation, I do not mean that real glaciers were concerned in the formation of
these beds; it was probably floating ice coming out of the mouths of rivers,
which brought the boulders with it, and deposited them along the sea-shore.

There have, however, still several difficulties to be overcome, before this
grand glacial formation can be considered as fairly established.

The sandy strata contained in the paleozoic series of the Salt-range are most
evidently a littoral deposit, formed on a very flat, slowly-descending shore.
That all these sandy beds, down to the upper limit of the purple-sandstone, are
not much different in age and form more or less one continuous series, has been
stated already in the introduction to the Salt-range Fossils, and is again affirmed
by the discovery of carboniferous fossils in the boulder-beds.

It seems that along the shores of the ancient sea the sandy accumulations
were heaped up in dunes, which dwindled down towards the open sea to com-
paratively thin layers of sandstone and boulders, the latter, supplied by the
materials falling down from floating ice, occurring off and on at different horizons.

This supposition alone can account for the great thickness these beds attain
towards the east, and the rapid decrease they are subject to towards the west.

In all the foregiong considerations I have not touched upon the question of
the age of the * Pseudomorphic salt-crystal zone,” as it has been termed by Mr.
Wynne, and which follows below the boulder-bed in which the palseozoic fossils
have been found by Dr. Warth. That this salt-crystal zone must be paleozoic,
as the beds that overlie it are paleozoic, cannot be questioned, but also in their
more special age they will not differ much from the rest.

They are composed of sandstones and blood-red clays of very variable thick-
ness, and from the surface of the sandstone flags numerous pseudomorphs of salt
crystals stand out. This shows these rocks to have been formed under very
peculiar conditions. During their formation great quantities of salt-water must
frequently have dried up, giving rise to the formation of numerous salt crystals,
which were afterwards dissolved by the influx of fresh water, whilst the hollows
left by the crystals were filled up with sandy matter. Such conditions could only
have taken place in an estuary, in a back-water behind the dunes, and these rocks
must probably be considered as a lenticular intercalation on a large scale between
the masses of sandstone of which the lower balf of the pal®ozoic rocks of the
Salt-range is composed.

o
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This “ Pseudomorph salt-crystal zone ” does not, then, present insurmountable
difficulties to a rational interpretation; and by degrees more and more clearly
these three facts come to light : 1, that there is a group (and only one group)
of beds, which contains boulder-conglomerates throughout the whole Salt-range;
2, that this boulder-group extends below the permian and topmost carboniferous
beds and is on a level with the coal-measures; and 3, that this boulder-group has
been formed under the influence of ice-action.

These three facts are of the utmost importance, and a number of further
conclusions may be drawn from them.

Boulder-beds that were formed under the influence of ice action, have long
since been known to exist in India, in the Talchir formation, forming the base
of the Gondwana system. The age of this Talchir formation has been much
contested ; and the subject has been discussed in the most admirable manner in
several papers by Mr. W. T. Blanford. The most probable conclusion to which
Mr. Blanford at last arrives is to consider these beds as of permian age; while
most of the previous writers had taken them to be either of lower triassic, or even
of jurassic age. All authors were, however, quite agreed upon one point, that
these beds had to be compared with certain beds occurring in Australia, in which
a number of species of plants, which had been found in the Talchirs and
Damudas of India, also occurred.

It was very unexpected, and so much the more interesting, that among the
few fossils collected in the boulder-beds of the Salt-range there should again be
species identical with Australian forms though they were not plant-remains :
Conularia levigata and Con. tenuistriata.

In Aunstralia the plant-remains occur in a series of beds with coal seams,
in the lowest division of which they are found, together with the marine species
mentioned above as occurring in the boulder-beds of the Salt-range.

Thus we have again arrived at three facts of great importance : The Talchir-
Kaharbari beds contain a flora identical with, or very nearly related to, a flora
occurring in certain beds of Australia together with marine fossils, and at the
same time they contain boulder-beds, formed under the influence of ice action ;
9, the boulder-group of the Salt-range contains some remains of marine animals
identical with species occurring in Australia, together with the above-mentioned
flora; 3, the boulder-group of the Salt-range can be determined as of upper car-
boniferous age, from its position below the Productus-limestone, and chiefly below
the lower division of it containing Fusuline and Productus semireticulatus Mart.

From these facts the conclusion may be drawn that the boulder-beds of
the Salt-range, and with them the speckled-sandstone of Wynne, are of the
same geological age as the Talchirs of the Indian Peninsula, as both are related to
the same beds in Australia, the one by its plants, the other by its marine remains.
[£ this be the case, then also the Australian beds, which contain the same fossils
a8 the Talchirs and the Salt-range boulder-group, cannot be more recent than
upper carboniferous, or of the age of the upper coal-measures.

From these two conclusions several others follow.

If we have thus found the Talchir-Kaharbiri beds to be of the age of the
coal-wmeasures, then the other divisions of the Gondwuana system can ulso approxi-
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mately be judged. The Damudas will then probably prove to be homotaxically
equivalent to the permian of Europe; the Panchet and Rajmahal to the trias
(the Kota-Maleri beds must still remain somewhat doubtful) ; and the Jabalpur
and Cutch beds to the jurassic in general. The mesozoic affinities of the plants
contained in the lower groups can no longer be an obstacle to such an interpre-
tation, as the geological position of the equivalent beds in the Salt-range is
too clear to allow of any other view to be taken. Thus the opinion, so assi-
duously entertained and defended by Mr. W. T. Blanford, that the exact age of
the beds could not be judged with safety from the plant-remains alone, has
been gloriously confirmed by the facts now brought forward from Dr. Warth's
most important discovery.

If we turn now to Australia, a number of other facts can be ascertained there
which are not of less interest. Of the Australian beds that can be compared
to different members of the Gondwana system of India, it is chiefly the * Lower
coal-measures with marine layers interstratified ”’ which must be placed homo-
taxically on the same level as the Talchir-Kaharbari beds of the Indian Peninsula,
or the boulder-group of North-Western India. In these beds in Australia traces
of ice action have not yet been observed. The Newcastle beds which follow
next above can perhaps not be separated from the preceding, but the Hawkes-
bury beds and Bacchus Marsh sandstones must certainly be placed on a level
with the permians of Europe. It is only on this horizon that traces of ice
action have been observed in Australia; and from this it appears that the glacial
action took place at a later date in Australia than in India. The entire Australian
series rests on beds that are decidedly lower carboniferous, and this is one proof
more that the beds following above are of the age of the coal-measures.

Another country where equivalents of the Gondwana system seem to be
present is South Africa. It is now long since the different divisions of the
Karoo formation, as it is called in Africa, were compared to the different
divisions of the Gondwana system and of the coal-measures of Australia; and we
find again a very clear and impartial exposition of the facts relating to this
question in Mr. Blanford’s presidential address to the Geological section of the
British Association for the Advancement of Science, at Montreal. In South Africa
the Karoo formation rests partly on carboniferous, partly on Devonian, and
at last also on gneissic rock. The lowest division of the formation is the Ecca
group which contains a great boulder conglomerate, that has unmistakably been
formed under the influence of ice action. These Ecca beds rest conformably
on lower carboniferous beds containing coal-plants. The overlying beds are
however said to be unconformable to the Ecca beds. There is then evidently some-
thing absent in South Africa, but it is not possible to say what extent the missing
strata may have had. Perhaps the permian is absent, and the Beaunfort beds
triassic, or else only the upper part of the coal-measures may be absent, and then
the Beaufort beds may be permian. As our knowledge now stands, it is impossible
to say which of the two interpretations may be the right one. For us at present
it is quite sufficient to state that, with all possible probability the Ecca con-
glomerates can be considered as the equivalents of the Talchir boulder-beds and of
the Salt-range boulder-groups, and are thus of the age of the coal-measures.

cl
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The partial identity of the fossil plants found in Australia, in India, and in
South Africa has long since led to the idea that in former geological periods
& land connection must have existed between those three countries, and thus
a by-goune Austro-Indo-African continent has been constructed, stretching through
the greater part of the southern hemisphere and nearly equal in extent to the
Asiatic European continent of the present period. But it has up to the present
been impossible to indicate the exact time of existence of this continent, as the
evidence drawn from the plant-remains, was absolutely in contradiction to the
one drawn from the marine animals.

Now after. all that has been said in the foregoing pages it cannot be doubted
any longer that the time of existence of this large southern continent dates at least
as far back as the carboniferous period. The northern shores'of this continent
stretched through India and have been partly preserved in the Salt-range, as well
as in Afghanistan, where the Talchir boulder-beds have been stated to extend
over large districts, resting on marine lower carboniferous beds. This continent
had evidently a well-developed river system, and at the Salt-range there was
probably the mouth of a great river. Down these rivers large masses of ice
floated while in other parts of the world the coal-measures were being formed ;
and these ice masses drifted along the shore and, as they melted away, deposited
large boulders, gravel and fine silt at different places.

Under such circamstances, apparently, marine animals could not well live
on this shore, and it must be considered as very fortunate that-some such have
been found by Dr. Warth., In Australia the case was different. No ice was there
formed during these times, and thus there lived a rich marine fauna there. As it
occurs in strata intercalated between plant-beds, it is probably an estuarine fauna.

Of this whole extensive continent there exist in the present period only small
fragments. It has been broken up by degrees during triassic and jurassic times,
as has been shown by me already in a former paper (supra, Vol. X, p. 98). The
rocks of which this continent consisted can however be well studied from the
erratic blocks which have been brought by the rivers to the shores, so that a
large stretch of former land which is now covered by the depths of the Indian
ocean may entirely be reconstructed.

The enormous development of boulder-beds that have been formed under the
inflaence of ice action on this ancient southern continent makes the supposition
of very low temperatures during those times on that continent an absolute
necessity. These low temperatures were not of a local occurrence only, but
spread over the whole continent, thus indicating a true glacial period,—a glacial
period, however, that was in the beginning restricted to the Southern Hemisphere
and only later on spread also to the Northern one.

In the earlier times of the carboniferous period a rather high mean temper-
ature must have prevailed on the southern continent, as luxuriant forests of car-
boniferous plants were thriving there, of which the remains have been preserved to
us in Australia as well as in South Africa. All of asudden a considerable lowering
of the temperature took place, ice began to be formed in South Africa and in India,
and all the carboniferous flora was destroyed in these countries as well as in
Australia by this low temperature. In the meantime in Australia a new flora
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began to appear,—a flora that was suited to support moderate or low temperatures.
Notwithstanding the ice that covered part of the southern continent, the flora
spread slowly westward from Australia, during upper carboniferous and permian
times, to reach Indian and South African regions. This flora was composed
entirely of what we call ““mesozoic” types, and therefore the beds in which it
occurs were generally considered as mesozoic.

During the time when this went on in the Southern Hemisphere, there were
the coal-measures deposited in the Northern one, and forests of the greatest
luxuriance, composed of carboniferous plants, were thriving there under the
influences of a still warm climate.

This warm .climate was also not entirely without effect on the Southern
Hemisphere. In the beginning of the coal-measures period the marine life along
the shores of the southern continent was very poor, as has been stated above.
Later on, however, towards the close of that period, the marine animals were no
longer much affected by the cold that prevailed on the continent. There were
currents of warm water coming from the east, bringing with them a number of
American carboniferous animals, which settled in Chinese and Indian areas.
(See Kayser : Fauna von Lo-Ping ; and Waagen : Salt-range Fossils.)

This state of things continued for a certain time, until in the permian period
again a change took place. Now the cold had spread to the Northern Hemisphere
(there are traces of ice action in this period in England), and the result was
the extinction of the carboniferous flora also in Europe and elsewhere in the
north. Now only was the flora of the moderate climate, which we are wont to
call a mesozoic flora, in a position to spread also over Europe, &c. ; and this flora
prevailed during the whole mesozoic era.

In the Northern Hemisphere there were no currents of warm water to come thus
from anywhere, as the Southern Hemisphere was no longer so very warm, and the
marine animals could not withstand the low temperatures to which they were ex.
posed, and the pal®ozoic fauna perished almost entirely, only few genera escaping.

But also to the Southern Hemisphere the intense cold returned during permian
times and after. In Australia we have seen that in the Hawkesbury beds and
Bacchus March sandstone, which are probably of permian age, glacial boulder-
beds occur. The flora could well endure these low temperatures and did not
materially change again, bat the marine animals badly felt the changed condi-
tions. Currents of cold water reached the Salt-range towards the end of the
permian period. These came from the north and brought with them types of
Siberian Cephalopods, thus giving rise to the formation of the Salt-range Ceratite
beds; but at the same time they extinguished the life of the rich permian fauna of
the Salt-range, the last remnant of the once so rich and beautiful paleozoic fauna,

In this way we come to ascertain two facts, which were not expressed so clearly
up to the present. The pal®ozoic fauna and flora was that of warm climates. The
organisms composing these were not able to endure great changes in temper-
ature. As then, towards the termination of the palaozoic times, first in the
Southern and later on in the Northern Hemisphere also the general temperature
was considerably lowered,—a circumstance which is proved beyond doubt by the
frequent occurrence of ice-formed boulder-beds, the whole fauna and flora
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necessarily perished. It was afterwards replaced by a more hardy set of
organisms, which however only by degrees occupied the place previously taken
up by the paleozoic forms. This is chiefly applicable to the land organisms.

We huave seen that the palwozoic flora was in the Southern Hemisphers
already destroyed towards the middle of the carboniferous period, and was
replaced there by forms, such as Coniferm, Cycader, Ferns, and Equisetacece,
which have been generally considered as typical of the mesozoic floras. This
occurrence of these so-called mesozoic types in such ancient strata shows partly
that the plants alone, without stratigraphical evidence and the corroborative
evidence of marine animals, are not well adapted for a definite determination of
the geological age of the beds in which they occur, and this chiefly for the
reason, that the plants are greatly dependent upon the climate, and the climatic
conditions of remote periods are not sufficiently known to us. The case may be
similar with land animals, but of these we know still far less than of the plants
in the more remote periods of the earth’s history.

Another point that is demonstrated by the occurrence of mesozoic plant types
in the carboniferous beds of Australia is, that by this occurrence it is clearly
shown that the whole mesozoic land-flora is of an Australian origin, and spread to
Europe only in mesozoic times, after place had been made for it by the destruction
of the palmozoic flora during the permian period, and after the climatic character
of Europe had become favourable for it.

In concluding these remarks I wish to draw the attention of the reader once
more to the one cardinal point, that it is demonstrated beyond doubt that
towards the end of the palwozoic times a great glacial period occurred, similar in
extent and more grave in its effects than the one that took place at the end of the
tertiary era, and that thus the earth has passed already through two severe periods
of cold.

It has been made possible to ascertain all this by the assiduoums investi-
gations of my old friend Dr. H. Warth, who has thus made one of the most
important discoveries that ever could be made in the Salt-range.

EXPLANATION OF THE PLATE.

Fig. 1.—Conularia leevigata, Morris: la, b, views from different sides, natural
size; lc, transverse section of the shell; 1d, ¢, different parts of the
surface, enlarged.

Fig. 2—Conularia cf. irregularis, Koninck: part of the surface, enlarged.

Fig. 3.—Conularia tenuistriata, M‘Coy : 3a, lateral view, natural size; 3b, part
of the surface, enlarged ; 3¢, transverse section of the shell.

Figs. 4, 5.—Serpulites warthi, Waagen, n. sp.: views from above and from the
side, both natural size.

Fig. 6.—Nucula sp. indet.: 6a, natural size ; 6b, ¢, enlarged.

Fig. 7.—Atomodesma (?) warthi, Waagen, n. sp. : partial internal cast, natural size,

Fig. 8.—Aviculopecten cf. limeformis, Morris : fragment of the shell, natural size.

Fig. 9.—Discina sp. indet. : fragments of both valves, natural size,
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" Memorandum on the Correlation of the Indian and Australian coal-bearing beds,
by R. D. OLpraM, A.R.S.M., Deputy Superintendent Geological Survey of India.

In the spring of 1885 I was deputed, in extension of privilege leave, to visit
and examine the coal-measures of New Sonth Wales and Victoria, with a view to
elucidating, if possible, the vexed question of their relations to our Indian coal-
measures. Accordingly I reached Melboarne on the 11th August and went on
to Sydney, whence I proceeded to Newcastle to examine what I may call a classical
section in Australian geology.

I had intended, besides, to examine in detail the section in the southern coal-
fields and in the Blue Mountains as well as the beds of Bacchus Marsh in Victoria ;
but a relapse of malarious fever, originally cootracted in India, interfered consi-
derably with my movements, and I was compelled to sail from Melbourne on the
2nd September, having only been able to examine the section west of Newcastle
and pay a flying visit to the Blue Mountains. With respect to the other localities
mentioned above, I had to be content with such information as could be obtained
from published reports, and in conversation with those who had examined the
ground. I am consequently unable to give the connected account of the Austra-
lian coal-bearing series I should have wished to ; but as regards the question of the
relative age of our Indian coal-measures and those of New South Wales this is of
little importance, seeing that the Australian geologists have not yet been able to
connect the beds as exposed in the different coal-fields with each other, and with
the typical section west of Newcastle to which they must all be ultimately re-
ferred. Such observations as I was able to make will be embodied in the follow.
ing note.

Though it has practically no bearing on the question, it may not be out of
Place to note the resemblance in lithological characters between certain members
of the Australian carbonaceous series and of the Gondwana series in India; thus,
at Newcastle may be seen beds of coarse-grained soft whitish sandstone containing
a considerable proportion of decomposed felspar and very like some of the Barakar
sandstones ; again, the boulder beds below the coal-measures are often identical
with the similar boulder beds of the Talchirs in everything but the presence of
marine fossils ; but I attach no value to these lithological resemblances except in
the latter case, and then only in so far as they indicate a condition of deposit
which, considering the latitudes they are found in and the nature of the beds they
are intercalated with, must have been of an exceptional and transient nature.

The relative ages of the Indian and Australian coal-measures have long been
a question of great interest to geologists, and in spite of the
amount that has been written on the subject and the
ability of the writers there is probably no geological question more involved
in doubt and difficulty. '

The points in dispute are four—Ilst, the age of the members of the Indian
coal-bearing formation, or Gondwana series, as compared with the coal-bearing
Series in Australia, and more especially of the coal-measures in either country ;
2nd, the ages of the members of the Gondwana series a3 compared with the mem-
bers of the geological sequence in Europe; 3rd, those of the Australian beds

Introductory.
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compared with the same sequence; and 4th, the relative ages of beds exposed in
different parts of Australia.l

When first the plant fossils of the coal-measures of India (Damudas) and of
Australia (Newcastle beds) became at all known, a similarity between the two
floras was noticed which naturally led to their being considered as of contem-
poraneous origin. In both Glossopteris was abundant, and the species Q. browniana
(as well as other species then supposed to be identical) was found in both ; both
contained a species of Vertebraria, another of Phyllotheca, which were believed to
be identical, and are certainly closely allied to each other, while the former genus
was till recently unkown from any other formation but the two in question.

The contemporaneity of the Indian and Australian coal-measures being taken
for granted, the second and third of the points in dispute
became connected with each other. In Australia two
schools arose,—one, headed by the late Rev. W. B. Clarke and those who had
examined the beds in the field, reasoning from the close connection of the New-
castle coal-measures with beds containing a marine fauna closely allied to that of
the carboniferous beds of Europe, argued that the Newcastle beds were of carbon-
iferous or at any rate late paleozoic age; the other, headed by Professor McCoy
and others who had never seen the beds vn situ, reasoned on what they declared to
be the characteristically mesozoic facies of the flora, and on this ground alone, not
satisfied with declaring that the beds must be of jurassic age, impugned the accu-
racy of some of the Rev. W. B. Clarke’s statements. In accordance with this
divergence of opinion regarding the Australian beds there was a corresponding
difference as to the age of our Indian coal-measures ; some of the most prominent
of the Europe palceophytologists looked upon them as of mesozoic age, while the
members of the Indian Geological Survey who had examined the same beds in the
field regarded them as of late palwozoic age on the ground of the resemblance of
their flora to that of the Australian coal-measures, aceepting with regard to
these last the opinion of those who had examined them in the ficld. But as
regards the beds above the coal-measures, and so intimately associated with them
that they could not be looked upon otherwise than as subordinate members of
one great series embracing the coal-measures also, it was acknowledged in both
countries and by both parties that they should be regarded as of mesozoic age.

Such was the state of opinion on these questions when Dr. Feistmantel ex-
amined the floras of the sub-divisions of the Gondwana series and not only classed
them all as of mesozoic age, but even attempted to correlate them to particular
horizons of that period ; and moreover after a detailed examination of the flora of
the Australian coal-measures declared that it was not nearly so closely related to

Conflict of opinion.

1The Australian serios as exposed in the districts between Sydney and Newcastle and the

country west of that place is divided by Australian geologists as follows. The nomenclature of the
subdivisions, especially in the lower purt of the series, is not fixed, but the terms given below will
be used in this paper. For the series as a whole I shall use the term Carbonaceous, suggested by
Prof. McCoy.

1. Wianamatta shales.

2. Hawkesbury sandstones.

8. Newcastle beds,—or upper conl-mensures.

4. Upper marine beds with carboniferous fauna,

6. Stony Creek beds,—or lower coal-measures.

6. Lower marine beds with carboniferous fauuna,
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that of the Indian beds as had been snpposed, and that it could consequently not
be appealed to as proving the pal®ozoic age of the Damudas in India.

But in Australia the dispute was not confined to the conclusion to be drawn

Cond facts of from acknowledged facts, but, strarge as it may seem, the
onflict as to facts of  very fundamental facts of the superposition of the beds
;i:,perpommn n Austra- wasydisputed. At the base of theps:pn?lstones and shales
containing seams of coal and known as the Newcastle beds
there is a great thickness of beds from which a marine fauna, closely related to
that of the carboniferous period in Europe, has been obtained.! These marine
beds are divided into an upper and a lower sub-division by a band of sandstones
and fine conglomerates containing some seams of coal, and as these beds yielded
species of Glossopteris and other similar forms which were declared to be
characteristically mesozoic, it was assumed that the superposition of these beds
by others containing a paleozoic fauna must be only apparent and in reality
due to inversion or faulting.

Such a conclusion however could not be allowed by any one who had seen
the ground where these beds are exposed. The section is
fortunately easily accessible by the Great Northern Railway
starting from Newecastle and the beds are well exposed in the frequent cuttings.
There are two exposures of these lower coal-measures on opposite sides of an
anticlinal, one at Stony Creek, 2 miles west of Branxton, and the other at Greta,
10 miles further west. At both places the dip is moderate and steady, to east-
south-east at Stony Creek, to west north-west at Greta; at both places the
section is practically continuous, and the marine beds may be traced dipping
under the coal seams and a short way above them again reappearing. The re-
appearance of the seam on the opposite side of the anticlinal, and the absence of
any duplication of the seam are conclusive against any theory that the appearances
are due to inversion or strike fualts, while if further proof were necessary it
would be found in the fact that both at Stony Creek and Greta shafts have been
sunk through the marine beds into the coal, and at the former place through it
into more marine beds,s thus clearly showing that the coal measures are inter-
bedded with the marine beds.

It is unfortunate for our present purpose that none of the sub-divisions of

the Gondwana series in India can be definitely and directly

No Gondwana horizon  correlated with any of those of the carbonaceous series as
g":,,c ggu?;:vr:‘l): ,:ht:f exhibited in the Newcastle section where their relative
position is clear and free from doubt. But in Victoria

there are some beds containing Gangamopteris, known as the Bacchus Marsh
beds, which seem to be the equivalents of the Talchirs.

Stnq{:t’tl;'"': represent-  mpe flora of these Bacchus Marsh beds is poor, consisting,
so far as is known, of only three species of Gangamopteris ;

! According to De Koninck (quoted in Rev. W. B. Clarke’s “ Remarks on the sedimentary
formations of New South Wales,” 4th Edition, Sydney, 1878, Appendix XVI “ C,” pp. 144-148) oat
of 249 species known, 81 are found in the carboniferous beds of Europe.

For a fuller account of the stratigraphy of these beds, and the history of this dispute, see
Rev. W. B. Clarke’s “ Remarks on the sedimentary formation of New South Wales,” 4th Edition,
8ydn-y, 1878.

2 I am indebted to Mr. C. 8. Wilkinson for this information.

Description of section.
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but, as Dr. Feistmantel has shown, of these three species one is identical with,
another closely allied to, species found in the Talchir beds
of India.
But their paleontology is not the only connection between the two, for, like
the Talchirs, the Bacchus Marsh beds contain abundant
evidence of the action of floating ice. According to the
late Sir R. Daintree, there are *strata, mainly composed
of fine mud, dotted throughout with various sized, generally rounded, pebbles,
and those pebbles mostly unknown in the vicinity, and some not yet seen in place
so far as the Geological Survey has extended a minute examination ;" ! further on
he says that * blocks of granite,” in some instances over a ton in weight, are found
embedded in a matrix of soft mud;”* and in the lact progress report by the Secre-
tary for Mines in Victoria, Mr. Murray states, on the authority of the late Sir
R. Daintree, that some of these granite boulders resemble no grayite that occurs
as a rock-mass nearer than Queensland.}
- It is impossible to account for the formation of such beds as these except

. .. by the agency of floating ice in large masses, and as both
M_E‘Z:ld‘m“ of glacial 3o Talchirs and the Bacchus Marsh beds show that when

they were deposited the climate was much more severs

tha,n that now prevalent, we may take this as indicating that during their deposi-

tion there was a widespread glacial epoch correspouding to that which is known

to have occurred in post-tertiary times. This consideration, whatever weight

“might be attached to it if stood by itself, may certainly be said to corroborate the

fossil evidence, and we may consequently take it as certain that the Talchir and
Bacchus Marsh beds are the representatives of each other.*

Iam not aware that any attempted correlation of these beds with a definite
horizon in New South Wales was published before Dr. Feistmantel in 1880 gave
it as his opinion that they were the equivalents of the Hawkesbury sand-
stones. This opinion, so far as I can glean from his published writings, was
based on the so-called lower mesozoic facies of the Bacchus Marsh flora, and
was supposed to be confirmed by Mr. C. S. Wilkinson’s discovery of what he

Correlated with believed to be evidence of glacial action in the Hawkes-
Hawkesbury beds by Dr. pury sandstones. Mr. Wilkinson thus describes this evi-
Feistmantel. dence—* In the sections exposed in the quaries at Fort

Glacial “ . Macquarrie, Woolloomooloo, Flagstaff hill and other

Slacial -~ action in g n00 may be seen angular boulders of shale® of all
Hawkesbury sendstones. Eizcs up to 5;0 feet in diani,lter, embedded in the sandstone
in a most confused manner, some of them standing on end as regards their strati-
fication, and others inclined at all angles. They contain the same fossil plants
that are found in the beds of shale from which they have evidently been derived.
These angular boulders occur nearly always immediately above the shale-beds,

Palzontological

and  physical resem-
blances.

1 Geological Survey. Report on the Geology of the District of Ballan by Richard Daintree.
Melbourne, 1866, p. 10.

3 Ibid., p. 10

3 Geological Survey. Progress report by the Secretary for Mines, Melbourne, 1881, p. 80.

¢ See Feistmantel, Rec. G. S. 1. X11I. 257 (1880).

§ Which is interbedded with the sandstones.
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and are mixed with very rounded pebbles of quartz ; they are sometimes slightly
carved as though they had been bent while in a semiplastic condition, and the
shale-beds occasionally terminate abruptly as though broken off.”” !

Although it is difficult, if not impossible, to account for these appearances,
except by the action of ice in some form or other, yet it is
evident that they are by no means comparable with the
proofs of glacial action exhibited by the Bacchus Marsh
beds. The angular form of the fragments of shale shows that in some manuver
or other they must have been indurated before disturbance, and it is impossible to
account for this induration of what must then have been recently deposited mud
except by the freezing of the interstitial water. This supposition would accord
with the general nature of the evidence, which indicates the action of ground-ice
such as is formed during the severe winters of North America rather than the
presence of large masses of floating ice; and hence does not necessarily indicate
80 severe a climate as that afforded by the Bacchus Marsh beds of Victoria.

But there are in New South Wales conglomeratic beds which are strictly

comparable with those of Bacchus Marsh ; these are the

Glacial actioninlower marine beds with carboniferous fauna, Nos. 4 and 6 of
carboniferous marine

beds of New South Wales, the scheme on page 40 (note). I am not aware of any pre-

vious published notice of the evidence of glacial action

they afford, but as long ago as 1861, the lithological resemblance between beds of

presumably the same age in the Wollongong district and the boulder-beds of the

Talchirs was noticed by the late Dr. T. Oldham,® and when looking up the

Not compnrable with
that of Bacchus Marsh.

1 Notes on the occarrence of remarkable boulders in the Hawkesbury rocks by C. 8. Wilkin.
son, F.L.8,, G 8, Govt. Geologist. Trans. Roy. Soc. N. 8. W., Vol. XIII, page 105 (1884).

3 Mem. G. 8. I, 111, p. 209 (1863). As the volume is out of print and difficult to procure, I
reprint the passage referred to, as it is of interest in the present juncture.

Speaking of a collection of specimens of Australiau rocks procured and sent by Sir Willian
Denison, he says,—

 And still further, many of the lower beds of the Australinn group, there so abundantly rich
in marine fossils, are very similar to many of the beds in the Indian Talchir series. There is the
same mixture of pebbles, and lnrge rolled masses in a matrix of fine silt; and much of this silt is of
exactly the same peculiar bluish-green tint, so characteristic of these beds in this country, aud
which, once seen, can never be mistaken.

“ I would not be misunderstood as desiring to give any great weight to a similarity in mineral
texture or lithological aspect, in attemptiug to ascertain the true position of these rocks. But I am
satisfled that this identity has a value, and by no means a light value, when, tuken in conuexion
with every other point of evidence which is availuble, it is found in sll cases tending to tarn the
balance in the same direction. And, basing my views on these considerations, I ventared to hold
out a prospect in anticipation that future researches would enable a more accurnte and detailed
parallelism to be established between the rocks in both these countries, portions of which were
now known to be synchronous, and that, while in all probability it would be found that starting
from the common datum line of the coul-bearing rocks in either land, the sequence upwards would
be established from Indinn researches in this country, apparently supplying links wanting in
Australia ; on the other hand we should be enabled to supplement the evidences of the succession
downwards (which is deficient in India) by a refereuce to Australian groups. As yet we havé not
been able to truce the existence of any marine deposits in this country of the same age nas the
¢ Wollongong ’ sandstones of Australin, but there is nothing whatever in the few plants which
occur in our Talchir beds which would militate against their being of the same general age (which
I am disposed to think they are).”
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literature of this controversy I was much struck by the passage. That any special
stress should have been laid on the resemblance was not to be expected, for when
the words were written the glacial origin of the Talchirboulder-bed had not been
universally acknowledged, the very idea of a glacial epoch was still strange, and
no one had yet dreamed of a palmozoic glacial epoch, still less of using such a
‘conception in the correlation of distant deposits. But when I found that in Mr.
W. T. Blanford’s reply to D)r. Feistmantell no notice was taken of this resem-
blance, although Mr. H. F. Blanford’s suggestion, that the glacial beds of the
Permian in England and the Talchirs in India were contemporaneous is quoted,
I concluded that private information of later date had led to a modification of
the views expressed as to the lithological resemblance of the beds.

Nevertheless I determined to pay special attention to this point, and was mnot
surprised on visiting the section west of Newcastle, to find that the marine beds
showed abundunt traces of glacial action. Blocks of slate, quartzite and crys-
talline rocks, for the most part sub-angular, are found scattered through a
matrix of fine sand or shale, and these latter beds contain delicate Fenestelle and
bivalve shells with the valves still united, showing that they had lived, died and
been tranquilly preserved where they are now found, and proving, as conclusively
as the matrix in which they are preserved, that they could never have been
exposed to any current of sufficient force and rapidity to transport the blocks of
stone now found lying side by side with them. These included fragments of
rock are of all sizes, from a few inches to several feet in diameter, the largest I
saw being about 4 feet across in every direction as exposed in the cutting, and of
unknown size in the third dimension ; but I was informed by Mr. Wilkinson that
in these same beds he has seen boulders of slate, &c., whose dimensions may be
measured in yards. ,

It is impossible to account for these features except by the action of ice float-
ing in large masses,® and I had the good fortune to discover, in the Railway
cutting near Branxton, a fragment beautifully smoothed and striated in the
manner characteristic of glacier action, besides at least two others which showed
the same feature, though obscurely. This seems to show that the ice was of the
nature of icebergs broken off from a glacier which descended to the sea-level.

Beds of similar structure and indicating a similar mode of origin are also

found at Wollongong, south of Sydney, and in the Blue
(Glacial evidence l‘t Mountains. Though these have not been traced into
;:3::32:8; in Bloe connection with the marine beds west of Newcastle, the
similarity of their position, fauna, and physical aspect, all

leave little room for doubt that they are of the same age. '

In Queensland beds of similar aspect have been described by Mr. R. L. Jack.

. These beds—also of marine origin, and indicating the
a0d in Queensland. presence of ice floating in the sea by which they were

1 Rec. G. S. I, XI, page 148 (1878).

3 Roughly speaking, it may be said to take 16 cubic feet of fresh-water ice floating in sea-
water to float a cubic foot of granite, or 14 cubic yards to float 1 ton. It must be remembered
that many of these fragments probably came from a distance, and that the ice was melting all
the while. These figures must be reduced by two fifths if the rock is supposed to be immersed.
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deposited !—contain 22 species of fossils, so far as the fauna is known, and of
these 15 are common to the New South Wales marine carboniferous beds, the
other 7 not having as yet been found to the southwards.

From what has been said it will be seen that over the greater part of Eastern
Australia beds are found which, by their included fossils,
are shown to be homotaxially equivalent, and which agree
in indicating that during their deposition the seas under which they were formed
bore on their surface masses of floating ice such as are now only seen in much
higher latitudes than are occupied by any part of Australia. It would seem,
then, that towards the close of the paleeozoic era there was a widespread glacial
epoch whose effects were felt over the whole of what is now Eastern Australia,

and, if we allow this form of argument at all, it is to this
; which the Bacchus period that we must refer the Bacchus Marsh beds rather
arsh beds should be .
referred, than to that of the Hawkesbury sandstones which do not
indicate so severe a climate.

The palmontology unfortunately does not help us to a definite conclusion.

Gangamopteris, the only genus known from the Bacchus
de::.”““t"l@""‘ evi-  Marsh beds, has not so far been found either in the lower

coal-measures of New South Wales, or in the Hawkesbary
sandstones, but from the Newcastle beds, intermediate between them, two species
of Gungamopteris have been obtained? of which one is identical with, and the other
allied to, Bacchus Marsh forms. ' '

The flora of the lower coal-measures comprises 7 species belonging to 4 genera ;3
of these, 4 belong to the genus Giossopteris ; this latter is therefore, so far as the
flora is at present known, the predominant genus, as is also the case in the New-
_ castle beds; further, one species, G. browniana, is”also found in the latter; and
besides this, the genera Phyllotheca and Niggerathiopsis are common to the two
floras, while Annularia is the only genus which has not, so far, been found in the
Newcastle beds. .

The Hawkesbury beds have only yielded two species of plants; in both cases
the genus is represented in the Newcastle flora, and in one case, Sphenopteris
alata Bgt., the Newcastle form, is only separated as a variety by Dr. Feist-
mantel. But if we group the Hawkesbury and Wignamatta beds together, as
Dr. Feistmantel has done, we have 8 species belonging to 7 genera, of which but
1 species and 3 genera are common to the Newcastle flora.

From the facts just detailed it will be seen that so far as there is any balance

A “glacial epoeh”

1 Report on the Bowen River Coalfield, by B. L. Jack, F. G. 8., Brisbane, 1879.
3 @. angustifolia, McCoy, and @. clarkeana, Fstm., the latter being represented by G.
spathulata, McCoy, in the Bacchus Marsh beds.
3 The flora of the lower coal-measures according to Dr. Feistmantel (Tr. Roy. S8oc. N. 8 W.,
X1V, 103) 1880, is as follows :—
Phyllotheca australis Bgt.
Annularia anstralis Fstm.
Glossopteris browniana Bgt.
» » v. preecursor Fstm.
Q. elegans, Fstm., G. primeva, Fstm., G. clarkei, Fstm,
No.gerathiopsis prisca, Fstm.
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at all, the Newcastle flora is more closely allied to that of the lower coal-measures
than of the Hawkesbury beds.

As regards the stratigraphical relations of the beds, the Newcastle coal-measures

. - . are, so far as is known, perfectly conformable to the lower

des(t,er?tlgmphlcal ®™"  marine beds. On the other hand, though no uncon-

formity has been traced between the Newcastle and

Hawkesbury beds, yet if the coal-measures in the Blue Mountains are the repre-

sentatives of the former,—and the balance of probability is very much in favouor

of this supposition,—there must be an unconformity and overlap of the Hawkes-
bury sandstones on the beds below them.

Turning to Victoria, we find that besides the Bacchus Marsh beds the only
other rocks which can be referred to any portion of the carbonaceous series in
New South Wales, are what are known as the Twmniopteris beds which are
shown by their included fossils to be homotaxial with the Wianamatta beds or
those immediately above them. Owing to the large surface covered by lava
flows in Victoria, the exact relation of the Twniopteris and Gangamopteris beds is
not known, the two not having been found in contact ; but there can be no doubt
that the latter are completely overlapped by the former, which are frequently
found in immediate contact with the silurian slates. I was further informed that
the difference in the degree of induration of the two was such as to indicate a con-
siderable difference of age, so that it would be improbable that they could belong
to two periods so close to each other as the Hawkesbury and Wianamatta periods.

Seeing, then, that the pal@ontology and stratigraphy of the beds, so far from

Contemporaneity  of cont.ra.dictin.g.the conclusion derived from the evidence of
Talchir and carbonifer- glacial conditions, are either neutral or support it, we may
ous marine beds. concludethat the carboniferous marine beds of New South
Wales are the most probable equivalents of the Wﬁl;h-beds of Victoria
and hence of the Talchir beds of India. i

As a corrollary from the above conclusion, it wouid follow that the Damudas

and Newcastle beds are far more nearly contemporaneous

Homotaxy of Damu- 4} .) 1y, Poigtmantel will allow, and that the Gondwana

das and Newcastle beds. X

series a8 & whole ranges from towards the latter end of
the palozoic into the secondady era, representing in part the interval between
those two eras of European geology.

This was the opinion long held by the members of the Geological Survey of
India, and was first seriously questioned by Dr. Feistmantel, who ascribed all the
sub-divisions of the series to horizons in the mesozoic rocks of Europe, and also
declared that the affinities between the Damuada and Newcastle floras were not
sach as to justify their being regarded as homotaxial.

It will be necessary therefore to see what these affinities are, and whether the
differcnce between the two floras is such as to iuvalidate the conclusion I have
formulated above.

To begin with, both floras are marked by the predominance of the genus

Palwontological rela- Glossopteris, which, in the Newcastle flora, comprises 9 ?nt
tions of Damuda and of 26 species, or 35 per cent. of the total number of species,
Newcastle beds. and 19 species out of 63, or 30 per cent. of the total number
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of species in the Damuda flora; of these, one species, G. drowntana, is identical
in both cases, and 3 Newcastle species, @. linearis, G. ampla and G. parallela,
are represented by the allied Damuda species, G. angustifolia, @. communis and
G. damudica. The genus Phyllotheca is represented in both floras, and the Austra-
lian form is allied to, and was long considered identical with, the P. tndica of the
Damudas. Vertebraria is found iu both series, and is only known elsewhere from
the “ jurassic” beds of Siberia. Sphenopteris alata Bgt. is another species repre-
sented in allied forms in the Damuda flora, and the species Gangamopteris angus-
tifolia, McCoy, is common to the two floras. Besides these the genus Négger-
athiopsis is represented in both floras, so that we have in all 6 genera and
2 species common to the two floras, besides 5 species represented by allied forms.
On the other hand there are 3 genera out of a total of 9 not represented in the
Damuda flora.

It may be that the resemblances between the two floras are not sufficient to
justify our placing them, even approximately, on the same horizon ; yet it cannot
be said that the differences are such as to preclude the beds from which they were
obtained from being regarded as, at any rate, approximately homotaxial with each
other. I avoid the word contemporaneous for, though I think that probably it
might be used in connection with the Talchirs and Bacchus Marsh beds, I sce
no possibility of arriving at any conclusion as to whether the Damudas and New-
castle beds were or were not contemporaneous ; in all probability the two periods
overlapped somewhat, and the affinities between the Hawkesbury and Wiana-
matta floras and that of the Damudas, as well as the internal evidence of that
flora itself, would indicate that the latter was probably of somewhat later date
than the Newcastle period.

In the foregoing pages I have net alluded, except incidentally, to the position
of either the Australian or the Inlian coal-measures in the European sequence.
This question is altogether too largé and complicated for me to take up at present
when debarred from access to any scientific library, and has besides been already
so well threshed out that I could hardly gather any grain by going over the
straw again, This same cause—want of access to books—has prevented me from
giving as full references to previous literature as I should have wished to do; but
1 have endeavored as far as possible to acknowledge my indebtedness to previous
writers, and in conclusion I can but express my obligations to all those who
assisted me in my enquiries during my visit to Australia, and in particular to
Mr. C. S. Wilkinson, Government Geologist of New South Wales, and Mr. R. F.
Murray, Government Geologist for Victoria, for the unreserved manner in which
they placed all their information and experience at my disposal.

CaMp, AJMERE, .
2nd November 1885.
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Afghan and Persian Field notes, by C. L. Grigssach, F.G.S., Deputy Superin-
tendent, Geological Burvey of India, on duty with the Afghan Boundary
Commission.

Introduction.—Since writing my last short report on the geology of the Herat
province,! I have been moving about the Herat valley and Eastern Khorassan,
whenever I could obtain permission to do so from Her Majesty’s Commissioner.

From Bala Murghab, where our Commission remained during the extreme
cold weather of last winter, we moved about the middle of February last,
marching vid Kila Madr and Chaman-i-Béd to Gulrdn. There General Sir
Peter Lumsden, G.C B., gave me permission to examine some of the ranges in
Eastern Khorassan, and accordingly I spent some time in studying the rocks of
the Bezd and the Estoi ranges, rejoining the Commission at Tirpdl. From there,
I made a short trip to the Doshakh range, and afterwards went for some time
to the hills north of Herat. Later on an opportunity occurred to visit the
Davéndar range east of Herat, and the march of the Commission to Thagan
Robat gave me an opportunity of revisiting the Turmust range. In August last
Colonel Bir West Ridgeway, K.C.S.I., gave me permission to go again to
Eastern Khorassan, where I remained over two months, extending my excursions
as far west as the turquoise mines of the Nishapur district.

I have already given a short sketch of the geological structure of the Herat
province as far as it has come under my own observation. I have a little to add
to this and some to modify. In publishing these notes now, it must be clearly
understood that many of the observations contained in them may hereafter have
to be modifled when the material brought together will have been worked out
and compared with collections from other parts of the world.

The following formations are represented in the Herat valley and Khorassan : —

Recent and aerial. Alluvial deposite, fans, blown sand. Igueous rocks.

POST-TERTIARY . | “ Loess” beds, with mammalian bones, of Badghis.

Red and white cluys with sandstoue and gypsum
deposits.

Conglomerate and sandstone .

Plant shales } Tirpul beds,

MIOCENE . . . | Caleareous sandstone and clays, with Ostrea multi-
costata Desh. in Badghis and Khaf,

Conglomerate nnd sandstone of Firaiman near
Mashhad.

Eocxe . . | Grey shaly limestone with Brachiopods. Rhyolites and tra-
Coral limestone with nummulites. chytes.
Grey shales and limestone with nummulites,

1 Rec, Geol. Surv, of India, Vol. XVIII, Part I, page 67.
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Recent aund aerial. Alluvial deposits, fans, blown sand. Igneous rocks.
Coral limestone with Hippurites. Basaltic rocks.
CRETACEROUS . | Upper glmceramuc oripsi, Mant., zone.
Ligbt-coloured marls.
Lower { Dark shales. Syenitic granite.
Trigonia limestone.

[}

a Red grit group ; marine limestone with Brachio- Mehphyr; fnlnd great
pods ; Paropamisus, Estoi range, &c. masses of felsite por-
> J“l::::i: and Snndst-:me with marine fossils and Gondwana | phyry,
: r : plants, Gaukharchang pass, &c., &c.
E\a . Marine limestone, — Kelat-i-Nadri section.
B[ 2 Trine nnd(|Conglomerates, Brachiopod limestone, sandstone, | Melaphyre.
wm| 5 inn { green shales, thin leafy coal and plaut-remains.
;} é’ perminn. Kholi Biaz section, &c.  Palezkar beds.
&
CARBONIFEROUS . | Mnassive dark limestone and sandstone with many
fossils ; Davéndar rauge, &ec., &c.
OLDRR PAL20ZO10 .| Limestone and calcareous sandstone; fossils; | Trap.

Dehrud pass.

The hill ranges of the Herat province and Eastern Khorassan are all structural-
ly connected, and form long and generally parallel lines of anticlinal folds, which
nearly all show much the same succession of beds. The intervening wide troughs
of the valleys are filled by tertiary and later deposits. @By far the largest share
in the structure of these ranges belongs to the beds of the plant-bearing (permo-
trias and jurassic formations) and to the cretacgons systems. The carboniferous
and older paleozoic rocks I only met in a few sections.

Paleozoic rocks, carboniferoxs and older palwmozoic formations.—I found rocks
belonging to these systems in the Davéndar und the Doshakh ranges in the Herat
province, and in the Bizd and Binalut ranges of Khorassan.

The most complete section of palmozoic rocks I have yet met with in Khoras-
san, is the one between the villages of Dehrid and Gulistdn on each side of the
Dehrtid pass, which crosses the Binalut range south-west of Mashhad. The
structure of the range is that of an anticlinal fold, in some places showing inver-
sion and much disturbance of the strata by crushing. Igneous rocks, too, obscure
a great deal the actual succession. The carboniferons and older rocks are seen
between the village of Dehriid (4,800") and the top of the pass (8,750').

Lower carboniferous or devonian, Dehrid pass.—The oldest rock in situ appears

D
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to be a calcareons sandstone of dark grey to purple colour, with an indurated
limestone which contains some few fossils, amongst which a Productus and Orthis
(?) seem the commonest forms. The beds dip to the north about 35° to 40°, and
are conformably overlaid by Productus-limestone of the carboniferous system both
on the north and south side of the pass, and the latter by hardened greenish-grey
shales and interstratified trap (melaphyre),

Binalut range.—I crossed afterwards the Binalut range further to the north-
west, from Madén to Chinaran, but the route proved more or less useless to me,
as it winds in and out of a wide depression in the range, along which nothing
older than cretaceous rocks are exposed.,

Yaktin range.—In a line south-east of the Binalut range is a lofty chain of
hills, which on our old maps is named the Yaktén range, a name which seems
unknown in that part of Persia. The high peak at the sonth-east termination of
the chain is called the Bezd hill. When I visited it in March, I crossed it twice,
but it was still thickly covered with snow, and consequently I had to keep near
the lower slopes and the passes, where little of the rocks in situ is found. I was
however able to make out the structure of the range, which is similar to the Bina-
lut range, inasmuch as it is formed of a high anticlinal fold of carboniferous rocks,
flanked by the permo-triassic plant-bearing series. The carboniferous rocks con-
sist of solid grey (mostly very dark) limestones in beds of one to two feet thick
containing many characteristic cavboniferous fossils, corals and Brachiopods.
Iron pyrites and small nests of antimony are found in many places in the range ;
the latter is extracted near Rawand and used by the natives. The plart-bearing
series, consisting of green and grey shales with sandstone and conglomerate, ap-
pears to rest quite conformable on the older rocks.

Doshakh range.—Continuing the strike of the Yaktdn range, one reaches the
Doshakh peak, on whose north flank I found again carboniferous rocks. The
Doshakh range assumes a more west-east to north-east strike, and is in a line
with the Davéndar range east of Herat. The north flank of both ranges consist
of carboniferous rocks overlaid by the plant-bearing series, and the whole appeats
to have formed an anticlinal fold, the southern half of which has subsided along a
line of fault, which ha® now brought cretaceous limestones in close and abrupt
contact with the palmozoic rocks. This feature is well seen at the north foot of
the Doshakh peak itself and in the hills north of Pahri, where hippuritic lime-
stone is faulted against carboniferons limestone with Producti, &o. It will thas
be seen that the structure of these four ranges is precisely the same, and that
they must therefore be cousidered as belonging to the same system. The Doshakh,
Yaktén and Binalut ranges form part of the great Central Asian watershed, and
it would have been of the highest importance to follow up the continuation of this
line to the east into the ranges which form the upper Hari Rud valley; it is a
matter of regret to me that I was not allowed to avail myself of the opportanity
offered by the presence in this part of the world of & mission composed of British
officers, to carry out my researches to a legitimate end.

The minor ridges on the north side of the Doshakh range, including the

Robat-i-Pai peak, are composed mainly ofa great thickness of ca.rbomferons beds
which have an average dip to the north-west. :
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I ascended the stream which flows frem the foot of the Doshakh peak more
or less in a north-westerly direction and which irrigates a considerable extent of
land near the village of Kashmard. I found in descending order :—

4. Near Kashmart hard reddish-grey sandstone, somewhat resembling the
Chanar (Vindhyan) sandstones ; regular flaggy beds, weathering dark-purple and
black, and then resembling igneous rock from a distance, Dip 40° morth-west.

3. Grey splintery and hard shales with ferruginous partings and irregular beds
of hard dark limestone. No fossila. Several hundred feet thickness, weathers
greenish-grey with brown ferruginous spots. Jointed ; dip 50° north-west.

2. Impure earthy limestone of dark colour, overlaid by hard grey calcareous
sendstone in thick beds. Dip 70° morth-west. The limestone contains many
fossils, mostly Brachiopods, Atkyris rotssyi, Productus sp. &c.

1. Near the Doshakh ziarat, Black or dark-grey very friable shales, alter-
nating with ferruginous impure limestone breaking into jointed fragments; the
limestone weathers a brown rasty colour. A few Brachiopod remains, badly pre-
served. Dip 60° north-west-by-north.

The beds of this series are here, near the foot of the Doshakh peak, faulted
sgainst the upper cretaceons limestone, which composes the peak itself.

Along the line of fault, which is nearly from east to west, the Zinjatak valley
and pass has been scooped out by denudation. Some igneous rocks (melaphyres)
have protruded along the faunlt, and have greatly obscured the actual contact of
the palwozoic with the cretaceous series.

Chillingkhak pass.—The pass over which the road from Pahre to Zindijan
leads, and which seems known as the Chillingkhak, exposes a similar section to
the above. A few miles north of Pahre the cretaceous series abruptly ends, .
and the fault already noticed at the Doshakh brings the carboniferous rocks in
close contact with the hippuritic limestone of the Pahre hills. The carboni-
* ferous system consists here of a great thickness (probably 2,000 feet) of hard
dark-grey limestones, sandstones and splintery calcareous shales with man
traces of Producti, Fenestella, &c. The beds dip to the north, at 30° to 4,0{
below the recent fan deposits of the Hari Rud valley.

Robat-i-Pas, in the Doshakh range—A ravine runs in a northerly direction
through the spurs which jut out from ‘the group of high peaks known as the
Robat-i-Pai. At the head of the ravine is the ancient and celebrated shrine
of the ‘“Sacred feet.” I may here mention that the depressions on the waterworn
sides of the ravine, which (with a little artificial help perhaps) resemble somewhat
the shape of gigantic human foot-marks, are nothing else but water-worn hollows
in the rock, of the same nature as are the well-known pot-holes. Some years ago
a deadly strife originated when some devotees of Mashhad nearly succeeded
in carrying off these sacred marks. Several had already been removed by care-
fully under-cutting and chipping off of the block on which the marks existed,
when the perpetrators of the deed were canght in the act,—and of course met
their reward. The entire mass of the Robat-i-Pai peaks comsists of thick even
beds of hard dark-blue limestone with calcspar veins, with gome hard grey sand-
stone, both of which contain many carboniferous fossils. I recoguised amongst
them Productus semireticulatus, Athyris roissyi, Fenestella, and other carboniferous

pl
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fossils. The beds dip 50° to 75° north, below the recent deposits of the Hari Rud
valley.

Davéndar range.—The Davéndar range consists of the main ridge, rising
to over 11,000 feet in height in one or two peaks, with outer parallel ridges,
the whole forming an anticlinal arch, the lowest beds of which are found not
in the main range but in the auxiliary range north of the Davéndar, running
parallel with the latter, and in which the Sang-i-Ajal and Kholi Biaz are situated.

Icrossed this outer range between Jadzd and Naorozabad near the Kholi
Biaz hill, and found the latter to comsist of carboniferous strata, represented
by hard, dark, splintery limestone, containing many Producti, Fenestell®, Crinoids,
&c., characteristic of the carboniferons limestone of the Himalaya. Not much
of these beds is exposed; both flanks of the Kholi Biaz, with the Davéndar
range to the south "of it, consisting of younger strata, belonging to the plant-
bearing series (permo-trias) which I shall describe below.

Igneous rocks of the older pal®ozoic.—Igneous rocks are found in the neigh-
bourhood of all the carboniferous localities which I described, but they belong
most probably to the’upper jurassic epoch, during which enormous outpourings
of melaphyre took place. Only in the carboniferous series of the Dehrid pass
of the Binalut range have I found trap apparently interstratified with Productus-
limestone,

The permo-trias and jurassic formations.—Towards the close of the carboni-
ferous period a change of physical conditions seems to have occurred in the entire
Central Asian area. The beds which rest in all the sections of the Herat province
and Khorassan upon the upper carboniferous rocks, consist of deposits such as are
formed near a coast line and near the estuaries of great rivers, namely conglo-
merates, sandstones and shales, which not only contain marine fossils but also
plant-remains. In several sections which I examined I found great thicknesses of
plant-bearing sandstones, probably deposited near or in the estuaries of rivers,
alternating with irregular deposits of massive limestones containing many marine
fossils. I believe therefore that the present watershed of the Binalut-Yaktén-
Doshakh ranges, south of which I have not found any beds of this plant-bearing
series, also marks more or less the old permo-trias coast line.

From the observations of Blanford,® Grewingk,? H. v. Abich,* and others,
it appears certain that the same beds cccupy large areas inthe Elburz range,
and in the Armenian provinces of Asia Minor. From Mushketoff’s researches
in Central Asia it also appears that the same group of strata are found over

- & large area in Russian Turkomania, near Tashkend, Samarkand, &c.

I found beds belonging to the plant-bearing system on the flanks of the
Bioalut, the Yaktin, Doshakh and Davéndar ranges, and the Paropamisus, Estoi
and Jam ranges are almost entirely made up of rocks belonging to the series.
It would be of the highest importance to trace these littoral formations
eastwards until a junction could be effected with the Himalayan marine beds of
the same age.

! East Persia, Vol. II, by W. T. Blanford. London, 1876.
2 Grewingk : die geogn. und orogr. Verhaltn. d. nordl. Persiens, 1868.
3 Vergl. geogn. Gruudziige &c.
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The system is capable of being divided into the following groups :—

Overlying Cretaceous beds.

TITHONIAN . . .| Light-coloured sandstones and grits with plants; marine beds with
fossils.

UPPBR JUBASSIO . .| Red grit group,

Marine limestone.
Green sandstone with Goudwana plants.

Limestone with Brachiopods.

LOWER JURASSIO AND
LIAS . .

RHETIO TRIAS AND PRR- { Limest;one with Brachiopods.
MIAN . Sandstones, conglomerates aud green plant shales.

Underlying Carboniferous limestone.

1. The plant-bearing system in Afghanistan.

In describing the carboniferous of the Davéndar I have mentioned that the
auxiliary range north of and parallel to the Davéndar is partly composed (mear
the Kholi Biaz and Sang-i-Ajal) of carboniferous limestone. This is overlaid on
each side by younger rocks, belonging to the plant-bearing series, and by great
outbursts of igneous rocks (mostly melaphyres) belonging to the upper jurassic
group. :

The section on the north slope of the pass between the Sang-i-Ajal and Kholi
Biaz is in natural order and very clear. It is in descending order,

14. Red grit group with igneous rocks. From about 4 to 5 miles south of
Naorozabad, extending over the greater part of the valley of the Kurukh stream
towards the north, red grits with purple and greenish conglomerate, volcanic
breccia and tufa, and a dark trap rock are in situ, deeply eroded into ravines by
the streams draining into the Kurukh river. The dip is variable, but on the south
side of the valley is chiefly to the north and north-west.

13. Sandstone and hard flinty limestone, alternating with red grit beds,—dip
about 30°, west to north-west.

12. Red sandstone and grit with grey sandstone, entirely composed of
material derived from the older igneous rocks.

11. Limestone breccia and conglomerate, with limestone beds (traces of
fossils). The fragments of the breccia are chiefly made up of carboniferous rocks
and trap.

10. Great thickness of greenish-grey, very friable shales, with traces of

lants. :
P 9. Soft sandstone bed, a few feet thick, of olive green colour, enclosing reed
stems ; with irregular thin-bedded shaly sandstone, containing Vertebraria (?)

8. A thin coal-bed,—about 1 inch in thickness.

7. Gritty sandstone with pebbles, chiefly of limestone.



53 Records of the Geological Survey of India. [voL. xix.

6. Green shales interstratified with sandstone.

5. Green sandy micaceous shales, with coaly particles and some plant impres-
sions.

4. Thin bed of greenish-grey fine grit, or coarse sandstone, weathers brown.

3. Grit, with limestone fragments of the carbomiferous group, containing
fossils.

2. Hard altered sandstone of felsitic character with shaly beds (phyllite),
of considerable thickness, alternating with gritty beds.

1. Hard dark-grey to black limestone in regular beds, containing in the upper
strata numerous crinoidal stems and fragments; also many Brachiopod remains ;
carboniferous (upper).

The Sang-i-Ajal and Kholi Biaz hills are entirely made up of beds belonging
to the carboniferous group, dipping about 65° north, on the north slope of the
Kholi Biaz, and nearly vertical at the southern base of the pass leading over that
range. The plant-bearing beds resting on the carboniferous group are quite con-
formable to the latter, and the dip gradually lessens towards the centre of the
Kurukh valley.

The southern portion of the Davéndar section differs in some respects from
thé Kholi Bisz suceession. Descending from Jauza Killah to the pass just de-
seribed, I observed the following beds,—in descending order :—

7. Igmeous rocks (melaphyre) associated with the red grit group ; dip about 30
to 40° south to south-west. The red grit group forms all the lower spurs which
extend from the Jauza H. T. 8. towards the junction of the Kurukh and Herat
rivers, and may be observed to form also the Jauza hill with the lower slopes .of
it. The dip is rather rolling, but in the main to the south-west. Thick red
sandstone with grit and conglomerates, and a few thin beds of micaceous shales.
(red) are interstratified and laterally replaced by igneous rocks (melaphyre).
Some of the most conspicuous points and nearly all the craggy hills in the ranges
are composed of the trap. The Jauza hill (over 11,000 feet) is almost entirely
made wp of a dark augitic rock.

6. Near the centre of the great-anticlinal, or rather dome, of the Janga section,
I came upon an impure reddish-grey bard limestone, with brecciated beds. The
Limestone is in parts oolitic in structure ; I noticed a few traces of fossils (Brach-
fopods) north of Jauza Killah, but could not get them out of the rock. The
beds of limestone ave apparently not very regular, though I always found them
near, or immediately below, the red grit beds. North of Jauza village, in the
stream which runs into the Kurukh river near the village of Kurukh, the lime-
stone beds are again seen just below the red grit series, and at that locality I
found some well preserved Brachiopods, of a rhetic or liassic character. The bed
is evidently of very varying thickness, for on the morth slope of the Zurmust I
met it in very considerable development. Immediately below it I met—

'5. Oalcareous grit and breccia with green shales (phyllites) containing angu-
lar fragments of igneous rocks.

4. Reddish and green shales with leafy impure limestorte, traversed by innu-
merable veins and joints filled with calcspar.
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8. Greenish micaceous shales (phyllites) ; considerable thickness.

2. Felsitic rock with imbedded trap.

1. Limestone, conglomerate and grit.

The lower beds of this section, from 1 to 6, comprise the greater part of the
section seen on the north side of the Kholi Biaz hill, beds 3 to 11. This group
of beds has probably been deposited near a shallow coast, and both the lower
(permo-trias) andthe middle section (jurassic) of the series attain a much greater
thickness further north and north-west, and in Khorassan attain enormons
thicknesges.

The centre of the anticlinal which forms the Davéndar range is therefore not
to be found in the main range, but north of it, and is marked by the Maltma
stream valley, where the older (carboniferous) rocks are exposed.

The Kurukh valley, from near the point where the stream leaves the hills
before entering the Herat valley, to many miles east of the Davéndar hills is
formed chiefly by the red grit group. '

The Paropamisus range, bounding the valley on its north side, also forms an
anticlinal, considerably disturbed by minor faults, and in some places the beds are
80 crushed as to leave great doubts concerning their relative position. Fortu-
nately I was able to go over the Zurmust section a second time and thus satisfy
myself about the correct interpretation of the structure of the range.

The red grit group with its igneous rocks forms a great trough, in which the
Kurukh stream has eroded a deep channel. On the left side of the valley the
beds forming the group dip nearly north, whereas in the Zurmust range the red
grit group and interbedded melaphyre dip at an angle of 65° to 70° to the south-
east.

The entrance to the Zurmust is occupied by a purple and red grit, which in
Places becomes quite a conglomerate, extremely hard, and seems to have been
subjected to alteration near the contact with the trap, From that point to the
height of the Zurmust pass there is an alternation of grits, red shales, volcanio
tufa and melaphyre, with an amygdaloid rock.

The igneous rocks assume much greater tluclmess towards the east, the upper
Kurukh.

Tithonign.—North of the Zurmust pass, and in the range over which the
Kashka Kotal leads to Narati, the red grit group is seen to underlie a group com-
posed of white sandstones and grits with plant-remains, and interstratified lime-
stones containing macine fossils.

I had no further opportunity this year of revisiting the Naratd-Kilnat section
which I have already described in my last notes. But from observations of
racks further west it appears .certain to me that the Naraté plant sandstones,
.overlying the red grit group, belong to the tithonian horizon and form a passage
from the upper jurassic into the neocomian limestones and marls which are seen
between Chakan and Kilanad, on the road to Bala Murghab.

Marbich and Band-i-Baba.—The Paropa.mmus between the Zurmust pass and
the Marbich shows nearly the same structure as I observed in the Zurmust
section, but although the general feature of the range is that of a greatanticlinal
or anticlinals, it has undergone such great disturbances, and the beds composing
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it are 8o much shattered, that the true succession of strata could hardly be made
out anywhere between these points, if the neighbouring region had not afforded
& key for its interpretation.

Fault of the Paropamisus.—Between the Band-i-Baba and the Zurmust it
may easily be seen that a line of fault runs east and west, south of the main
range ; and beds of the middle of the plant series (the red grit group) are thrown
against and partly thrust over some of the white sandstones and grits of the
uppermost group (tithonian)., Near the Thagan Robat, north of the Zurmust
pass, the faunlt has thrust the red grit group partly over the younger white
sandstons (tithonian).

Near the Marbich pass the fault crosses to the north side of the Paropamisus,
crushes beds of thered grit group against upper cretaceous, and is lost further west
below the tertiary deposits of Badghis. In the Eetoi range, in Khorassan, the
fault appears again plainly, and may be traced in & more or less north-westerly
direction along the Kat-i-Shamshir hills. The hot spring of Garm-ab (115° F.),
north of Tiraman, rises along this fault.

The Band-i-Baba.—The main range, over which the Band-i-Baba pass leads
from Kushk is composed of the uppermost group of the jurassic series, repre-
sented by light-coloured sandstones and grits with intercalated limestone with
marine fossils. The same beds are seen in the Kashka Kotal, north of the Thagan
Robat, and at Naratt, and I believe represent as nearly as possible the tithonian
stage of Europe. I found in descending order:

1. Sandstone, dark grey, fine-grained, with numerous
Ostrea remains and calcareous beds entirely com-
posed of an Ostrea species

2. Sandstone, light grey, with greyish-white sandy
shales ; the first contains some plant-remains; the
latter a few bivalves. The dip is rolling, but
generally to the north.

3. Sandstone and grit with zomes of conglomerate.

Tithonian . .

\ and contains plant-remains.

The series may be seen in all the ravines which lead towards the Marbich
and Band-i-Baba from the grassy slopes of the Kushk valley, and the beds dip
under an angle of about 25° to 30° to the north.

South of the pass I found that beds belonging to the red grit group are
faulted against the mass of light-coloured grits of the Band-i-Baba, and the
strata composing the upper jurassic are dipping 25° to the south. Near the
actual contact great disturbance and crushing is noticeable, the beds of the red
grit group being here and there raised up vertically and even inverted. Between
the top of the Band-i-Baba and the ravine south of Robat-i-Khona, leading to
Palezkar, the red grit group is as follows in descending order :—

3. Hard bluish-green sandstone, forming - very thick
Red-grit group g beds with grit zones and trap pebbles. The
sandstone is composed of volcanic material

Resembles strongly upper Gondwaona sandstone -
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9. Breccia, same as 1, but in thinner beds, alternating
/ with a clay shale or concretionary clay of dark
green or red colour; this group is of great thick-
ness, and can hardly be less than 1,200 to 1,500

feet.

1. Dark brownish-red and purple conglomerates and
grits the fragments made up of igneous material,
alternating with great layers of trap breccia and
volcanic tufa. The fragments are all derived
from igneous rocks, generally melaphyre, cement-

ed by a black or dark-green tufaceous matrix.

\ Interstratified with red grits and sandstones.

Palezkar beds, Talchirs 7—The low hilly ground between the hills immediate-
1y north of Herat and the foot of the Band-i-Baba range itself, is formed by a
synclinal, much disturbed and in some places completely crushed. Between
the village of Palezkar and Robat-i-Surkh, in the Herat valley, some of the lower
beds of the plant-bearing series are exposed. They consist of a group of
sandstones and green shales, associated with interstratified trap (amygdaloid
melaphyre), which may be seen well exposed near the high conical hill known
as the Hissar-i-Ghulamin, and in the ravines of the Palezkar and Shorén
streams, which drain into the Kurukh river.

Nearer Robat-i-Surkh, I noticed a greenish-grey impure shale, micaceous,
with traces of plant-remains (Vertebraria ?) associated and alternating with con-
glomerate and a trap breccia in thick beds.

Towards the south-east they are overlaid by coarse brown sandstones and grits,
with badly preserved plant impressions, and towards Muchkhandak by the red
grit group.

Altogether the Palezkar beds resemble in some respects the Talchirs of India,
and still more so the lower (Ecca) beds of the Karoo formation of South Africa,
and recall to me vividly the sections seen & few miles south of Pietermaritzburg
in Natal, and the beds exposed in the ravines of Kleine Karoo and the Bokkeveld
of the Cape.

I believe they belong to the beds 2 to 7 which I described as overlying con-
formably the carboniferous limestone of the Kholi Biaz hill, in the Davéndar range,
and form most probably a passage from the upper carboniferous into the trias, com-
prising perhaps the npper Kuling beds of Himalayas with Otoceras woodwards.

Hills north of Herat.—The hill range which runs almost east to west, and
within 2 miles of Herat,is composed of several groups of rocks, which form three
separate zones. The greater part of the range, from a point half way between
Parwana and Herat to Robat-i-Surkh, is formed by the older beds of the plant-
bearing system, which dip to the north-east, and apparently rest on hard grey
splintery limestone, which forms the range between the Parwana stream and the
Sinjao valley, and which may be carboniferous.

I crossed the Paropamisus between the Band-i-Baba and the Hari Rud by the
Ardewan, Chasma Sabz and Robat-i-Surkh passes, and partly explored the Mar-
bich route.

Red-grit group ‘
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Marbich and Koh-i-Kaitu.—The latter route skirts both the Koh-i-Kaitu and
Marbich peaks, which, in their general features, resemble the Band-i-Baba. The
southern half with the Koh-i-Kaitn is composed of the red-grit group which is
faulted against the tithonian grits and Ostrea limestones of the Marbich.

Ardewan.—The beds composing the Ardewan all belong to the red-grit group
with a part of the higher tithonian white sandstones and grits overlying it. The
structure presents one or more folds, with a considerable amount of local dis-
turbance. North of the pass, where the road enters the grassy slopes of the

‘Kushk drainage, the sandstones of the tithonian group have been faulted and
crushed against'beds (white marly limestone) of the upper cretaceous formation.
I believe this to be on the same line of faunlt which I could trace from point to
point through the Paropamisus and the Jam hills of Khorassan.

The rocks, which compose the red-grit group of the Ardewan, consist of thick
beds of grit, sandstone and conglomorate, mostly of a dense reddish-brown to pur-
ple colonr, in general character resembling the rocks of this group at the Zur-
must pass. The conglomerate changes locally into a volcanic breccia, which ig
well shown in the cliffs just north of Kush Robat, near the south entrance to the
pass. I found no trap ¢n situ, but thick beds of volcanic ash, with embedded
bombs of malaphyre, are intercalated between the conglomerates. The general
dip of the group varies from north-west to morth-east, but in one or two places
small folds repeat the series of beds.

Beyond the watershed of the Sinjao stream and the stream which drains into
the Kushk, the red-grit group is overlaid conformably by coarse sandstones (with
ferruginous nodules) and grits with calcareous beds, containing marine shells,
which I believe to belong to the tithonian horizon, continuous with rocks of the
same age of the Marbich, Band-i-Baba, and Kashka Kotals. The sandstone is cut
off by the fault already noticed, and crushed against upper cretaceous limestone
with Inoceramus cripst, Mant.

Chasma Sabz pass.—The section exposed at the Chasma Sabz pass is almost
identically the same as the one seen in the Ardewan. It consists of a series of
beds of the red-grit group, dipping 15° to 20° north-east, and in descending order
I found :

4. Densely red grits and ferruginous sandstone, forming a lower and parallel
range north of the Chasma Sabz pass.

3. Grey friable needle shales, conglomerates and partings of clay shales.

2. Grits and greyish needle shales with bluish-grey hard clay shales.

1. Red and brown to purple sandstone with coarse conglomerate and volcanic
ash beds.

2. The plant-bearing system in Khorassan.

The Qavkharchang pass and the Kat-i-Shamshir range—~The great faunlt de-
saribed on page 56, and which runs more or less south-east to north-west through
the Paropamisus, divides also the range of hills which bears the name of the
Kat-i-Shamshir on our old maps. Here the fanlt runs close along the north side
of the watershed between the Jam river valley and the drainage which falls lower
down into the Hari Rud. The fault is well exposed in the Gafikharchang pass
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iteelf, and further to the north-west at the hot spring of Garm-ab (115°F.), it is
lost amidst the tremendously crushed strata.

The soathern half of the Galkharchang pass, which leads from the Jam valley
north of Turbat-i-Sheikh-Jam to Zobrabad, is composed of fragments of sand-
stones and grits belonging to the red-grit group with great masses of igneous
rocks. The prevailing rock is a melaphyre, with long strips of a syenitic graunite,
which I believe to belong to a later epoch. Ash beds and volcanic conglomerates
are found between the enormous layers of bedded melaphyre, dipping gently to
the south below the late tertiary deposits of the Jam valley.

The northern half of the pass between the fault and the Zohrabad plateau,
past the Burj-Kalich-Khan, is formed chiefly by beds belonging to the middleand
upper groups of the jurassic system. The structure is that of one or more anti-
clinal arches, somewhat crushed here and there, but sufficiently clear to establish
the following groups in descending order :

Tithonian . I 8. Idght-colonred. sandstone, grit and limestone beds;
the latter with Ostrea sp.

: 2. Dark-grey to black finely bedded shales, very friable,
Red.-grit group, upper with ferruginous partings. Great thickness. Frag-
jurassic. ments of plant-remains.

‘Coarse red grit and sandstone in thick beds.

[ 1. Greenish-grey coarse sandstone with ferruginous part-

ings, and dark-grey, fine needle shales. The grey
shales show some badly preserved plant-impres-
sions, but the sandstone (near Burj-Kalich Khan)
yielded a great number of both marine lower juras-
sic fossils, Brachiopods, Bivalves, Echinoderms,
&ec., and also of remains of Glossopteris sp., and
other Gondwana plants in a fairly good state of pre-
\ servation.

Lower and middle<
jurassio. ,

1t is remarkable how the red-grit group and the higher grits of the tithonian
have dwindled down in thickness in this section, compared to the great deposits
of sandstone and volcanic ash beds which form this group in the Paropamisus
sections. The stream of Pafddh Jin Muréd, north-east of the Burj Kalich Khan,
has formed picturesque escarpments in the red-grit group, resembling greatly
the escarpments in the Mahadeva sandstones of Sirguja and Palamow in India.

Robat-i-Surkh pass.—Approaching the Robat-i-Surkh pass from the north
(Gulran), one has to pass over rolling hills of rounded outlines, composed, as far as
1 could judge from the scanty exposures seen en route, of nothing else but the soft
argillaceous beds and soft sandstones which I believe belong to the upper Siwalik
horizon. Near the north slope of the pass a number of low spurs are seen to run
out from the Mash range, and I found them to consist of light-brown sandstones
and grits in thick beds, which resemble the plant-bearing sandstones of the Band-
i-Baba. The beds dip here gently to the north below the Gulrén beds.

The .pass itself shows a groap of sandstones, generally thick-bedded, which in
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its upper portions is alternating with reddish and greenish marly beds. I found
no fossils in any of the strata, but I believe the whole to belong to the red-grit
group, which it closely resembles.

The structure seems to be that of a wide anticlinal curve; the pass itself is
formed by simple erosion of two streams, flowing north and south, separated by a
low watershed of only a few hundred feet in width.

Further to the north-west, the red-grit group swells again in thickness, and
on the left side of the Kashaf Rud valley forms all the lower slopes underlying
the cretaceous rocks of the Takht-i-Gaunzak.

The pass, which leads from Sang-i-Safed (near Firaiman) over to Kat-i-Shamshi
to Garm-ab, reveals a section very like the one traversed by the Gafikharchung
pass. Thebeds of the red-grit group, which compose the entire range at this point,
are much shattered and folded. Near the south entrance to the pass, the beds dip
to the south-west and are overlaid uncomformably by younger tertiaries, con-
glomerates, and sandstone. The red-grit group of this pass consists of densely red
conglomerates, grits and volcanic ash beds with trap interstratified, betweeu the
layers of which irregular beds of grit often appear. There are also some earthy
black shales associated with the grit, and several irregular masses of hard splintery
grey sandstone, traversed by numerous calcspar veins. The lower strata of the
red-grit group resemble the beds seen on the north slope of the Jaunza hill in the
Davéndar section; immediately below the grit I found a greenish-grey concre-
tionary shaly sandstone which overlies a fine-grained, hard greenish-grey and
reddish-grey sandstone similar to the one which I met in the Jauza section, south
of the Kholi Biaz.

Near Garm-ab, on the north side of the pass, I found the bedding much disturb-
ed, and near the fault much shattered. Near Kummer Sard, a small settlement
of Nomads north-west of Garm-ab, I saw the red-grit group conformably overlying
the lower jurassic black plant shales.

Between Bareili and the Takht-i-Gauzak.—The trough. between the Bareili
hill, the highest part of the Kat-i-Shamshir range, and the Takht-i-Gauzak, south-
west of Pul-i-Khatun, is formed by a succession of folds composed of lower
and upper jurassic rocks. The former are developed as black or dark-grey
shales with greenish-grey sandstones, which yield lower jurassic marine shells
and some Gondwana species of plants. They are overlaid by the red-grit group
which dips below the tithonian and lower cretaceous of the Takht-i-Gaunzak.

The country between the two ranges is more or less uninhabited now, and
water is only obtainable at a few points. I had therefore to hurry over it too
quickly to make very detailed observations.

The plant-bearing system in the Yoktan range and Bizd hill—The Yaktén
range runs in & north-west south-east direction between the Jami and Shahr-i-
Nao valleys, and forms a continuation of the Binalut range. At its south-eastern
extremity is the Bizd hill, south-west of Turbat-i-Sheikh-Jami. As already de-
seribed, the range is formed by a steep anticlinal fold, the centre of which is com-
posed of carboniferous marine limestones, overlaid on each flank by beds belonging
to the plant-bearing system. When I examined the range in March of this year,
the greater part of it was still covered with thick masses of snow, and only at one
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locality (near Raband) was I able to penetrate the outer hills to the inner core of
carboniferous limestoue. The depression between the latter and the outer hills
was then almost filled by snow, so that I have not been able to see either the
contact between the two systems of formations, nor the lower beds of the plant-
bearing series.

The Bizd hill itself is composed of igneous rocks (melaphyres) with sandstone
and conglomerates of the red-grit group of precisely the same lithological charac-
ter as noticed in the sections of the Paropamisus.

The same rocks with great deposits of volcanic ash beds and tufa are seen
all along the northern slope of the Yaktén range. The beds of conglomerate and
sandstone with interstratified igneous rocks dip to the north-west, and apparently
are conformable to the carboniferous limestone which form the main range, but
the actual contact I have not seen.

Plant beds of Kalanderabad.—Near Kalanderabad the outer range separates
into & chain of isolated low hills, which consist of a hard, light-grey, splintery
limestone, overlaid by plant-bearing beds. I remember having observed a similar
bed of grey splintery limestone in the plant-beds of Palezkar, near Herat.

The Kishti Pukhta pass from Kila-i-Nao to Amun-Jaffre (and Aliyek).—The
rocks composing the parallel ridges of the pass which leads over the Yaktin
range, belong nearly all to the plant-bearing series with its igneous rocks.

Near the northern side of the pass (near Kalanderabad), I observed greenish-
brown sandstones, with shaly partings, dipping 50° west. They yielded a few
poor specimens of plants, the common reed-like fragments.

The series of beds is contorted, and forms a synclinal near the centre of the
pass. The structure is too complicated to allow a careful survey during a hasty
march, but I noticed the close connection of igneous rocks with the plant-bearing
sandstones and conglomerates. The igneous rocks are chiefly melaphyres with
a red felspathic rock, very common in the red grit group. With it occurs a
volcanic breccia, containing some rolled boulders of large sizes, embedded in
a porous volcanic tufa, with angular fragments of igneous rocks.

The sedimentary rocks of the group form narrow strips within the belt of
igneous rocks, and are, with few exceptions, all sandstones of reddish-brown and
greenish colour. Some high cliffs on the left side of the valley, near the Kilah-i-Nao
entrance to the Kishti Pukhta pass, are composed of a great thickness, of a coarse
brown sandstone, with grit partings, showing -false bedding well marked. Several
beds of a coarse conglomerate occur with it. In the lower layers I found a few
irregular deposits of reddish-brown clay. A large deposit of irregular thickness
of the boulder breccia, already described, I noticed at the base of the sandstone,
forming the right side of the valley and overlaying the igneous rocks.

Another patch of sandstone, which reminded me of the Talchirs of India, I
found near the sonth side of the pass, not far from Amun-Jaffre. It is a soft,
olive-coloured sandstone, with small ferruginous concretions in some of the strata
and partings of olive-green shales. I found no fossils in them. Near the south-
ern side of the watershed I found an irregular thick’ bed of white limestone of a
fine crystalline texture, very hard and splintery, enclosed in the igneous rocks of
the group,”and apparently belonging to it.
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Karat range.—The tange which separates the Khaf plain from the Shahr-i-
Nau valley, and which bears the name of the Karat range on our maps, I have
unfortunately not visited, but from the distance it appears that the higher range
with the peak Koh-i-Khaf is composed of a dark rock, presumably limestone,
dipping to the south at a low angle.

North to north-west of it, I noticed other rocks, of a lighter brownish-green
colour, dipping gently towards the Khaf range. This latter rock I believe to be
the group of igneous rocks, shales and sandstone of the plant-beds.

Binalut range,—The Binalut range is similar in structure to the Yaktén hills,
and is in fact only a continuation of the latter. Only in the Dehrud pass section
did I cross the plant-bearing series, which north of the Dehrud pass itself,
between it and the village of Golistdn, overlies conformably the earbonifereus
limestone with marine fossils.

The plant-bearing groupis here represented by hard grey and green shales
associated with volcanic ash beds and a variety of eruptive rocks. I found no
fossils in the shales.

Red-grit group of Maddn,—~North-west of Nishapur, the ancient eapital of
Khorassan, some spurs branch off the Binalut range which seem all to belong to
rocks of the red-grit group of precisely the same lithological character as those
seen in the hills east of the Band-i-Zurmust.

The Madén hill itself is composed of voleanic ash belonging to the group, with
some contact rock, which will have to be carefully analysed hereafter. In this
contact rock the celebrated turquoises are found, and there are now abeut a
thousand “mines ”’ in and around the hill, of which about a hundred only are
worked ; the best stones are found in pits sunk in the mountain talus, where of
course the mineral is easily extracted from the crumbling decomposed mass.

The extraction from the surrounding matrix seems the difficulty in obtaining
good and large stones, which otherwise abound in great quantities,

Unfortunately the hill mass of Madin is so completely enshrouded on all
sides by recent tertiary deposits, that I have been unable to trace the actual con-
nection of the rock composing it with the lower plant-bearing series of the
Binalut range.

The rhetic and jurassic deposits of the Kelat-i-Nadri section,—The section
between Mashhad and Khelat-i-Nadri is one of the most interesting in Khorassan'.
There the entire series from the rheetic to the upper cretaceous is represented
by marine beds.

A stream, running almost due north-south, has eroded a deep and very narrow
gorge through the hard limestoneés of the upper rhwtic and jurassic series; in
some places 80 narrow that there is only room for a laden mule to pass through.
The Arka-bun-Shah pass leads into the gorge excavated by the Kelat stream,
running north, which has eroded a similar gorge through a succession of limestones
and hard shales.

The section is an extremely good one and presents a succession of folds
mainly composed of hard splintery limestones and dolomites with some shaly
partings, which in several horizons yielded fossils, chiefly Brachiopods, belonging
to the upper rhatic or lower lias. The upper beds contain a few sandstone part-
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ings, and yielded, besides marine fossils, sfome rather badly preserved plant-
remains: These beds, which I believe to be lower jurassic, are overlaid by massive
limestones (with corals) and red grits, somewhat resembling the red-grit group
rocks. This marine system is conformably overlaid by the cretaceous rocks of
Kelat-i-Nadri.

Thé cretaceous rocks of the Herat province.

In the Herat valley itself, I have not met with any cretaceous rocks, but the
southern half of the Doshakh range, with the peak itself, belongs to the wide-
spread hippuritic formation, which forms nearly all the hill ranges of South and
Western Afghanistan. The Zingatdk pass from Kashmari to Pahri marks
approximately a fault which has brought the palmosoic rocks of the morthern
half of the Doshakh range with the Robat-i-Pai peak in direct contact with hard
“white and -gréy coral limestone, which yielded many hippurites, some badly
preserved ammonites and bivalves.

I have nothing to add to my description of the cretaceous rocks of the Tirband-
i-Turkestan, which I have not been able to revisit. ,

Cretaceous rocks north of the Paropamisus.—North of the Ardewan pass,
crushed against the upper jurassic or tithonian sandstones and grits, I met white
marly limestones, which contain Inoceramus cripsi Mant. in excellent preservation,
a species common in the upper cretaceous formation of Hungary and South-Eastern
Europe.

The cretaceous system occupies a large area north of the Estoi and Paropa-
misus range, and I found the upper horizon with Inoceramus oripsi in almost
all the sections which I have seen of the cretaceous beds of that region. Most
probably the shell limestones of Kushk, of Chakan, and the greater part of the
Tirband, belong to the same system

The cretaceous rocks of Khorassan.

Cretaceous beds may be traced from Khelat-i-Nadri in a south-east direction
to the range of the Takht-i-Ganzak and the cliffs of the Hari Rud between
Pul-i-Khatun and Zolfikar. Most of the ground north of the Estoi hills to the
Kashaf Rud valley is also covered by beds belonging to the cretaceouns system.

I found that the system, which cannot be less than about 3,500 to 4,000 feet
in thickness, can be divided into—

4. Earthy brownish-white limestones, with flaggy beds
of white limestones. Forms high cliffs along the

Upper cretaceous . Hari Rud, Kelat-i-Nadri, &c. Yielded many cre-
taceous fossils, amongst them Inoceramus cripsi
Mant.

3. White earthy limestones and chalk with indurated
clay ; fossils in bad state of preservation.
Lower cretaceous . { 2. Dark shales, with ferruginous partings.
1. Yellowish-white earthy limestones, many well-pre-
served fossils,—Brachiopods, Trigonia, &c.
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Between Kelat-i-Nadri and Zolfikar this section may be seen at any point,
and the beds seem hardly disturbed at all, generally sloping gently to the north-
east, showing steep scarps towards the south and south-west.

The cliffs along the Hari Rud, between Pul-i-Khatun and Zolfikar, are
entirely formed by these rocks and offer complete and undisturbed sections.

The massif of Kelat-i-Nadri is a synclinal basin formed of cretaceous rocks,
through which the Kelat treams has eroded a transverse valley, or rather gorge.

Cretaceous rocks in the Binalut range.—Limestones with some fossil remains
which I found dipping below nummulitic beds near Sultan Maidan, in the Binalut
range, probably belong to the cretaceous system.

Granite and gneissose rocks of Herat cretaceous.—Immediately north of Herat,
from a point nearly north-west of the city to north-east, including the low hills
of Ghazegah, a gneissose rock with syenitic granite dykes is found, which seems
identical with similar rocks of the Upper Kurukh valley and the Davéndar peak
itself. This belt of granitic and gneissose rocks may be traced along the south
slope of the Estoi hills (in the Gadkharchang pass) to Sangbast, south-east of
Mashhad, and I believe belongs to a period subsequent to the red-grit group,
possibly to the same outburst which has converted so much of the upper
cretaceous rocks of Southern Afghanistan into fine marble.

Nummulitse rocks.

Beds with nummulites, and associated with younger eruptive rocks, rhyolites
and trachytes, I have only come across near Mad4n, north-west of Nishapar,
in Khorassan. The nummulitic beds here occupy a large area, south of Madén ;
and on the Sultan Maidan, north of the turquoise mines, I found nummulites
in & calcareous dark limestone and in sandy beds, closely associated with great

“masses of rhyolite, which has changed the sedimentary beds locally, and partly
converted them into semi-metamorphic masses.

At the Sultan Maidan the nummulitic group seems to rest conformably on a
grey shell limestone which I believe to be cretaceous, and which forms the
western slope of the Binalut range, north of Maddn.

On the outer slopes of the Kat-i-Shamshir between Sang-Safed and
Sangbast, south-east of Mashhad, I found the beds with nummulites in descend-
ing order:

5. Red conglomerate and sandstones in thick beds,
dip 28° to 30° west to south-west-by-west.

4. Conglomerate, consisting of nummulitic limestone
pebbles.

3. Grey shaly limestone with Brachiopods.

2. Yellowish-white limestone, corals, Ostrea, num-
mulites.

1. Dark-grey shales with intercalated concretionary
limestone, which contains many bivalves, echi-
noderms, nummaulites, &ec.

The beds below this are obscured by recent deposits, but a few miles south-
east of the locality cretaceous beds dip below the fan of recent accumulations of

Miocene or oligocene? .

Nummaulitic . .
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clay and conglomerate and most probably would be found to conformably underlie
the nummulitic group.

Miocene.—Miocene rocks seem to be widely distributed north of the Paro-
pamisus and on the Sarakhs plain, but I have not myself been able to identify
them. Captain Yate and Dr, Owen of the Afghan Boundary Commission have
brought me well-preserved specimens of Ostrea multicostata, Desh.; the first
from the Nimaksar, north-east of Zolfikar, and the latter from Khwaja Kallandar,
north-east of Kushk, in Badghis. I have not been able to visit either of these
localities. Apparently the fossils occur in a light-coloured clay associated with
the salt-bearing and gypsiferous group, which is largely developed in Northern
Badghis.

Younger tertiaries.—To the description of the younger tertiaries given in my
last ““ notes” I have nothing to add of any importance. Good sections through
the upper groups of the tertiary system are seldom met with, as they are gene-
rally hidden below enormously thick masses of alluvial deposits and fans.

CaMP, SHEIKH-1-WAN, HERAT VALLRY,
13th November 1885,

Notes on the Section from Simla to Wangtu, and on the petrological character
of the Amphibolites and Quartz-Diorites of the Sutlej valley ; by CoLONEL
C. A. McMamox, F.G.S. (With a plate.)

Part I: Introduction; description of the section.

» 112 Notes on the microscopical character of traps, amphibolites and qnsrtl-di?rim
» 1II: Remarks on the character of the rocks, and on the stratigraphy of the region.

Part 1.
INTRODUCTION.

A visit to Simla during 1884 afforded me an opportunity of taking a run up
the Sutlej valley as far as Wangtu. The time at my disposal for the trip was
however so extremely limited that I had to cover 22 marches in 8} days, and
travel at the average rate of 27 miles a day. But as I had been up and down
the Sutlej valley on previous occasions, this rapid survey was sufficient to
enable me to review my first impressions regarding the geology and stratigraphy
of this region in the light of the experience subsequently acquired at Dalhousie
and Chamba. I shall begin this paper with a brief sketch of the geology of the
section from Simla to Wangtu by way of preface to my remarks on the petrolo-
gical structure of the hornblende rocks and quartz-diorites of the Sutlej valley,
and on the stratigraphy of this region.

The rocks between Simla and Narkanda have already been described by
Mr. Medlicott in his Memoir! and referred to in the Manual of the Geology of
India;?® my first paper on Simla geology, also, contains notices of them.3 A brief
résumé of the lithology of this section will be given in the last part of this paper.

1 Mem. Geol. Sur., Vol. IlI, pp. 38-40.

2 Vol. 11, pp. 603, 604.
$ Supra, Vol. X, pp. 209, 211.214.
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At Narkanda we have decided mica schists, dipping a little north of east, with
beds of gneiss on the flank and top of Hattu, a mountain 10,469 feet high, that
rises to an elevation of 1,600 feet above Narkanda.

Mica schists continue for some 3 or 4 miles on the road to Kotgarh,
and are followed in ascending order by quartzites. There is a comsiderable
thickness of the latter, but it would be impossible to calculate their precise
thickness from roadside observations only, as the dip flattens and waves about in
a somewhat unsteady manner as far as Kotgarh. The quartzites are followed
by more or less micaceous rocks, and the dip finally settles down into & north-
easterly direction. On leaving Kotgarh the metamorphism gradually declines,
and dark rocks, with a micaceous glaze, succeed, which belong unmistakably
to the infra-Krol carbonaceous series. The carbonaceous element in them is
sufficiently strong to blacken the soil of cultivated fields here and there.

As the road from Kotgarh to Nirat (Nirth) nears the bottom of the valley,
the gneissose granite crops up quite suddenly., Where it first appears, the dip
of its foliation is the reverse of the dip of the infra-Krol rocks, but it shortly
afterwards reverts to the normal north.easterly dip. The actual contact of
the two rocks is masked by vegetation.

The gneissose granite continues to Nirat, and thence to the Muchara river
which flows from the east into the Sutlej to the north of Nirat. The Muchara
appears, at this point, to mark the division between the gneissose granite and the
carbonaceous infra-Krol rocks, which re-appear on its right bank dipping in a
south-easterly direction.

So far as could be seen from the road, the Nirat outcrop of the gneissose
granite exhibited a marked parallelism of structure that reminded me of the
‘“outer band” at Dalhousie; but this outcrop strikes for, and doubtless merges
into, the perfect granite of the Kot? peak north of Bargi. The outcrop is about
4 miles thick. The rock appeared to me to be jointed in the direction of the
foliation rather than bedded. The lines of division are of unequal thickness, and
are irregular and variable ; they do not appear to persist for any great distance in
the same direction, but merge into each other, or are stopped abruptly by other
joints at right angles to their direction.

The infra-Krol rocks continue with a south-easterly dip as far as the Nogli,?
a stream that flows into the Sutlej about 3 miles south of Rampur. The dip

) In my first paper (1877) I noted (supra, Vol X, p 214) that the gneissose granite—then
called gneiss—on its first appearance alternates with the carbonaceous slates. This | now think

* was an erroneous impression created by talus, or a land-slip, covering part of the granite. The blocks

brought down, however, look like slates in sity, and it requires a good deal of cousideration to
detect the deception.

3 Kot is not marked on the map. It is the point immediately to the north of the Garh
Station, on the ridge running down from the Garh Station to the Sutlej, where another ridge joins
it from the east,

3 In my first paper alrendy quoted (footnote anfe) I stated that betwcen Nirat and the Nogli
the slates alternated with the gneiss. This mistake appears, as far as 1 can now make out, to have
been owing to some misrending of my notes made 18 months previous to writing my paper. 1
marched along this road again in 1878 and noted no gueiss.
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is sometimes very flat, and as the Nogli is neared, a northerly dip sets in for a
short time.

The rocks are occasionally very silicious and almost jaspery, but are sometimes
very dark, as at the village of Dantnugger. As the Nogli is neared, they are
decidedly carbonaceous, and there is no doubt about their belonging to the infra.
Krol series.

At the Nogli a beautiful milky-white quartzite that takes a high polish, and
is sometimes mistaken for marble, appears dipping south-west. This rock, which,
I think, represents the Krol quartzite, is followed by trap.

The trap is a hornblendic variety ; some of it is distinctly amygdaloidal ;> and
it is intercalated with slaty beds having a micaceous g]a.ze, and resembling the

“trap in colour. Somewhere near the middle of the series three bands of white
quartzite occur intercalated between beds of slaty rocks.

The volcanic rocks here displayed appear to me to occupy very much the
same horizon as the altered basalts of the Dalhousie region, which occur between
the silurian and the carbo-triassic series. Their relation to the white quartzite
band at the Nogli, and to the quartzites interbedded with them, which presumably
represent the Krol quartzite, would however seem to indicate that they are
somewhat younger than the Dalhousie volcanic series. In this respect the Ram-
pur lavas agree with those of Kashmir, where Mr. Lydekker observed that, in
some instances, they pass up into his Kuling series,? the equivalents of the infra-
Krol series of the Simla region,® and of the lower carboniferous series of Europe
and Australia.*

I am disposed to regard the quartzites intercalated with the lavas, as well as
the quartzite at the Nogli, as the equivalents of the Krol quartzite. Mr. Medli-
cott has pointed out® that these beds sometimes attain considerable thickness, as
at Boileauganj. At Simla the deposition of the sand, of which these quartzites
were origina'ly composed, was unbroken, but in the Rampur area it was, appar-
ently, interrupted by lava-flows and by the deposition of mud, into the composition
of which volcanic ejectamenta probably largely entered, but the deposit of sand
was resumed from time to time when the volcanic energy was dormant.

The trap series lasts with a south-easterly dip as far as Rampur; here there
is a fault along the axis of a synclinal flexure which brings down the milky
white Krol quartzite and the trap series, both of which on the north side of the
fault have a north-easterly dip. The trap series to the north of Rampur is
evidently the same as that which occurs to the south of the town, and the white
quartzite which I have described as occurring about the middle of the series,
between the Nogli and Rampur, re-appears in a similar position in the series to

" the north of the town. Owing to vegetation, however, I could not see whether
slaty beds are intercalated with the latter or not.

1 I did not notice any of the amygdaloidal varicty s» sifu, but blocks of it are very nuwerous
on the roadside, and are without doubt of local origin.

? Memoirs, Geological Survey, Vol. XXI1, pp. 133, 185, 138, 141, 148, 217, 232.

8 Ib. p. 201.

¢ Ib. p, 161.

8 Mem., Geol, Sur., Vol. 111, pp. 24, 34.
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The traps on the north side of Rampur have much the same general appearance
ag those to the south, with the exception that they are more metamorphosed
and consequently appear more distinctly hornblendic to the unaided eye. In the
northern outcrop many of the beds are distinctly slaty in texture, and there is a
comparative absence of the amygdaloidal variety. I once found an amygdaloidal
block by the roadside, 2 or 3 miles north of Rampur; and as the block could
not have travelled up the river, and as the non-amygdaloidal portion of it exactly
resembled the local rock, the probability of its having been derived from a local
source is very great. The amygdules formed a band along the top of this block.
This is the only occasion on which I found amygdaloidal trap north of the town of
Rampar. . .

Whatever differences are observable between the beds to the north and to the
south of Rampur, I attribute partly to the probability of volcanic ash having
taken a larger part in the formation of the beds to the north than in those to the
south of the town, and partly to the northern beds being more within the region
of metamorphism.

The actual line of the fault which I have described as occurring at Rampur
may be seen, in section, on the right bank of the Satlej, a little to the north of the
town ; and the white quartzite with a north-easterly dip is there let down against
the dark trap series; and the line of division between the two is as sharp as if it
had been cat with a knife.

In my paper, published in 1877, I stated, with reference to the first appearance
of the trap at the Nogri, that the ‘strong quartz beds are burst asunder and
twisted about by the trap in a wonderful manner.” I was young, as an observer,
then; and in those days the Sutlej trap was believed to be an intrusive rock,
The trap where it first crops out certainly has the appearance above described,
but this, I think, is deceptive, and is produced by contortion, which has been
very severe at this point, and by small local faulting. The idea of intrusion
is also favoured by the fact that the trap is jointed at right angles to the bedding
of the quartzites. :

In the middle quartzite band intercalated with the traps to the south of
Rampur, an instructive example of columnar structure is to be seen; a bed of
white quartzite has weathered into a perfectly rounded column, 2 feet in dia-
meter and about 15 feet long. Its frayed end shows a tendency to split up
into & series of annular coats like an onion. This struck me as interesting in
connection with the bacillary structure of the Boileauganj quartzites! at Simla.
The columnar structure above described is probably due to the heat produced
by beds of lava flowing over beds composed of silicious materials ; and if so, the
bacillary structure of the Boileauganj quartzites may be referred to a similar
cause.

The metamorphism of the Jako (Simla) beds has been conjecturally referred
by Mr. Medlicott® to the heat produced by igneous masses injected as sheets, or
flowing over the Jako beds from the direction of Hattu. The rapid decline of

1 Mem. Geol. Sur., IIT, p. 85.
3 Punjab Gazctteer : Geology.
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metamorphism on descending from the Krol schists, on the top of Jako, to the
silurian beds in the valleys below, almost completely shuts out the supposition
that the metamorphism of the Jako rocks can be due to tangential pressure or to
agencies operating from below, for in the Simla region contortion is rampant in
the strata of the valleys and inconsiderable on the hill-tops ; whilst the strati-
graphy of Jako, and its neighbourhood, is such as to altogether exclude the sup-
position of inversion.

The Kot peak, a few miles to the north of Hattu, where the gneissose granite
is perfectly granitic, probably represents a centre of volcanic activity, and is pro-
bably the long-buried root of a volcano from whence sheets were injected into
the neighbouring strata, and from which streams of acid lava, long since re-
moved by erosion, were poured out far overhead.

The traps to the north of Rampur are followed by a very thick series of
white and grey quartzites having the normal north-easterly dip. These are, I
think, the equivalents of the silicious beds between Narkanda and Kotgarh.

At the village of Pishwdra® a broad band of hornblende rock crops out. No
evidence of its intrusive character is visible from the road. The jointing of the
rock is at right angles to the bedding of the quartzites. A specimen of this rock
is described in part II, of this paper, No. 20.

As Gaora is neared, the quartzites become micaceous, and a little south of
Gaora pass into white hydrous mica schists that decay into a thick white
powder. These beds reminded me strongly of some schists in the Dalhousie area
that crnmble into a white soapy powder, as, for instance, those seen under Tikri.
In the Dalhousie area, I have classed these rocks among the lower silurians, and [
think the beds in the Sutlej valley occupy a similar position. In the section from
the Thera mall to Banikhet I think the Sutlej valley schists are represented by
the paragonite (P) slate No. 47 of my microscopic sections.?

Proceeding onwards to Gaora, the mica schists, just described, dip under
foliated rocks, and these pass into gneissic beds. The latter are, I think, the
oldest rocks met with in the section under description, and are of lower silarian,
or cambrian, age.

At Gaora the dip is north-north-east, but it rounds towards the west, and at
Sarhan it is west-north-west ; the road to Sarhan works back across the strike
of the rocks, and at the Manglid stream the white hydrous mica schists are again
reached. Some beautiful specimens of these rocks, which might be mistaken
for talc schists, may be obtained here.

On the ascent from the Manglzid Nila to Sarhan, the traveller passes back
again across the strike to the gneissic beds seen at Gaora.

In the cliffs on the roadside, some 2 or 3 miles short of Sarhan, a hornblende
rock crops out which is described under No. 23 of Part II. At this point it is
almost certainly intrusive in the mica schists; if it is not intrusive, its onward
course must be abruptly cut off by a fault of which no other trace is visible.

This rock is of distinctly foliated structure. It frequently recurs on the road

1 Apparently the village named Pasada on the Atlas sheet.
* Records, Vol. XVI, p. 140.
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up the Sutlej valleyl to Wangtu, sometimes in the schists and sometimes in the
gueissose granite. It is not necessary that I should note every appearance of it.

Beyond Sarhan the dip is N. 11° E. The road lies in the gneissic beds, and
in the schists, but the white hydrous mica schists are not again reached.

Between the 93rd and 94th milestones; a dyke of this peculiar rock appears in
the cliffs, along the face of which the road has been carried by blasting. A dyke
traverses the rocks just at the spot where the late Sir A. Lawrence was killed,
and the white stone cross erected to his memory is fixed on the dark diorite and
marks the place of the accident. In those days the road was carried along the
face of the cliff by a balcony ; this gave way as Sir A. Lawrence was riding along
it, and he was precipitated down the precipice and killed on the spot.

The foliated quartz-diorite here appears to be intrusive: it certainly cuts
across the foliation of the gneissic beds in one place.

About three quarters of a mile beyond this point bands of fine-grained gra-
nite begin to occur in the gneissic beds, which dip north-north-west, and doubtless
the granite is intrusive in the gneiss. There are three or four such bands, and
then the gneissose granite itself appears. At first the latter is here and there
gneissose, but afterwards it becomes granitic and finely porphyritic.

The gneissose granite lasts until the Kandla nala® is reached, when mica
schists come in for awhile, the gneissose granite reappearing a little to the south
of Chora. It seems to me not improbable that these outcrops of gneissose granite
are continuous ; if they are, the granite cuts directly across the strike of the
schists. The point can only be determined by exploring the side of the mountain
above Kamparang and Chora, which I had not time to do.

The gneissose granite continues from Chora to about the 102nd mile from
Simla, viz., to about 2 miles on the Sarhan side of Tharanda, where gneissic
rocks with granite veins in them come in. The dip here is nearly perpendicular,
inclining a little to the north of west. Between the 101st and 102nd milestones,
gneiss appears to alternate with granite, and the im pression left on my mind by
a roadside examination of these beds, is that at the junction of the main mass of
the gneissose granite and the sedimentary beds, the latter are abundantly pene-
trated by sheets and veins of the granite. The gneissic portions between the gra-
nite sheets are much riddled by granite veins.

Near the 102nd milestone there has been much crushing, and the gneissose
and schistose beds vary in dip from west to south, and from flat to perpendicular,
within a few yards.

On the descent to the nila under Tharanda® I obeerved the hornblende rock
(quartz-diorite) twice; and on the ascent to Tharanda it crops out five times.
These outcrops are probably continnous and form one broad dyke ; but owing to
the excess of vegetation I was not able to see whether this is so or not. A sample
of this rock is described in Part II, No. 26.

1 The Kandla néla is, I think, the stream flowing down from the Bhosleh Trigonometrical
Btation into the Sutlej, to the west of the village of Shilwan. Chora, which is not marked on the
Trigonometrical Survey Atlas, is about one and a half miles to the north of this stream.

3 This stream is I think, the one flowing down from the Bhosleh Station intc the Sutlej to

the west of the villnge of |Thusaring. Tharanda is, I think, about half a mnle or so to the
east of the Nanaspar Station marked on the map.
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After leaving Tharanda one rounds the spur before commencing to descend in
an easterly direction to the stream under Pawanda.® The gneissose granite
orops out again here, and it is probably continuous with the outerop south of
Tharanda.

The gneissose granite is at first fine-grained and non-porphyritic; but after-
wards all the varieties of this rock, namely, the gneissic, the porphyritic, and the
perfectly granitic, are seen. Veins of the fine-grained non-porphyritic variety
occur both in the gneissose and in the porphyritic varieties.

On the descent to the nila under Pawanda, near where the 106th milestone
from Simla used to stand,* an outcrop of the hornblende rock (quartz-diorite)
occurs, having a width of about a quarter of a mile. It runs up the mountain
side in & perpendicular direction. In this diorite there are seven or eight
perpendicular dykes of the porphyritic granite and one perpendicular dyke of the
fine-grained non-porphyritic granite. Mica has been developed in the foliated
diorite apparently by contact action, A specimen taken from the diorite at its
contact with the granite is described in Part II, No. 25. One dyke of the
hornblende rock (diorite) has all the appearance of having passed straight up
the middle of one of the perpendicular dykes of porphyritic gneissose granite. If
this is not really the case, two narrow dykes of the granite must have run a
perfectly parallel course, very close together on either side of a thin dyke of
the foliated diorite. The latter hasa sharp clean-cut edge, and looks superficially
like one of those perpendicular dykes of basalt one 8o often sees traversing beds
of lava in the crater walls of a volcano. A hand specimen taken from this nar-
row dyke of hornblende rock (diorite) is described under No. 27, Part II.

If the wide outcrop of the hornblende rock which ocours at the 106th mile
from Simla is continuous with that on the south side of Tharanda, about the
103rd mile from Simla (and the one outcrop strikes in the direction of the other),
it is clear that the hornblende rock must strike obliquely across the gneissose
granite ; for the outcrop on the ascent to Tharanda occurs on the western margin
of the granite, and indeed clear of it, whereas the outcrop opposite Pawanda
occurs either at, or near, the eastern margin of the granite. Appearances in the
field therefore favour the supposition that the hornblende rock is an eraptive rock
intrusive in the gneissose granite and that it is of the same age as the latter, for
it is itself penetrated by dykes of the granite.

On the ascent from the stream to Pawanda one crosses over the strike of the
rocks, and those seen on the descent to the stream are recrossed ; owing to vegeta-
tion, however, there are not the same facilities for observing their details,

From Pawanda to Narchar,® owing to forests, the rocks are not often seen in
situ, but when seen they are fine-grained non-porphyritic gneissose granites,

1 Derived, I should imagine, from pawan * wind,” a speaking commentary on what the
climate must be in winter. The stream alladed to is the one shown on the map as flowing down
from the “ Snowy Peak No. 5,” into the Sutlej to the west of Pang. Powanda is on its right bauk.

2 The majority of the milestones, viz., painted boards let into stone columns bave beeu carried
off by Buddhist travellers from Tibet, under the impression that the words so many “miles from
Simla” are un English iuvocation of the Deity, .

¥ Narchar, one of the residences of the Sutlcj valley Forest Officer, is not murked on the wap,
1t is 4 miles on the Simla side of Wangtu.
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Near Narchar veins of white oligoclase intrusive granite begin to appear, and as
Wangtu is neared, these veins become more abundant.

At Wangtu all varieties of the gneissose granite are well seen: some are per-
fectly granitic; some are of the ordinary porphyritic type ; some reminded me of
the unporphyritic varieties of the Dalhousie area, as seen on Dainkund, in the -
Chuari pass, and at Sihunta., Veins of the latter variety, which is not to be
confounded with the white oligoclase granite, are to be seen in the porphyritic
kind, whilst the white oligoclase granite traveérses all the other varieties.

At page 219 of my first paper (supra, Vol. X) I described a foliated horn-
blende rock, which I considered to be an igneous rock in an advanced stage of
metamorphism, traversing the gneissose granite (then termed granitoid gneiss) and
behaving as an eruptive rock. A good place for observing it is at the mouth of
the Wangar stream, where it joins the Sutlej at Wangtu. I made a sketch of
this on the occasion of my first visit, and another when 1 was last there. An
attempt to give the reader the benefit of this is made at fig. I of the plate attached
to this paper. A good picture from an artistic point of view cannot be made
of the subject, as it has to be viewed from above, and it is a physical impossibility
to get down to a level with it on the opposite side of the Wanga stream. The
rock itself can be reached, and on both occasions I brought away hand specimens
of the foliated diorite, but the side of the rock to which access is possible is not
a good one for a sketch.

Previous to commenting on the stratigraphy of the section now described I
think it desirable to give the results of an examination of thin slices of the Ram-
pur traps and of the hornblende rocks of the Sutlej valley as seen under the
microscope, The rock seen at the junction of the Wangar and Sutlej rivers is
described under No. 29.

Parr 11

Nores oN THE MicroscOPICAL ExAMINATION oF THE Trars, DioriTS AND HORN-
BLENDE Rocks oF THE SuTLEJ VALLEY.

Traps on the south side of the town of Rampur.

No. 1.—A greenish grey amygdaloidal trap. Sp. G. 2:87.

No. 2.—A fine-grained trap. Sp. G. 2'88.

No. 3.—Taken from a bed that crops out close to the town. Sp. G. 2'89.

No. 4.—Taken from the middle of the southern outcrop. Sp. G, 2:87.

No. 5.—Taken from near the southern margin of a bed that crops out on the

’ bank of the Sutlej river. Sp. G. 291.

These specimens are of dark-grey colour, No. 5 having a somewhat greenish
tinge. No. 3 is a speckled rock, and, with the aid of a pocket lens, it is seen to
be distinctly crystalline. The other specimens may be described as being of
compact texture, though minute blades of hornblende may be discerned in them
with a pocket lens.

M.—No. 1 consists of a mixture of hornblende, mica, and felspar; the two
former being abundant, Magnetite and epidote are also present. Most of the

. 1T T
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felspar is tolerably fresh and much of it is distinctly triclinic: it contains micro-
liths apparently of hornblende.

The hornblende is in long slender prisms, or fibres; but cross-sections exhibit
the characteristic prismatic cleavages.

The amygdules contain zeolites, epidote, mica, iron pyrites and calcite. The
presence of long strings of perfectly formed mica in the amygdules renders it
probable that the mica seen in the trap itself is also of secondary origin. In
transmitted light it varies from a brown-green to an olive-green colour.

The amygdules above described contain a few minute liquid cavities with
bubbles, but none were detected elsewhere.

Nos. 2 to 5 contain hornblende, felspar, and mica in minute leaves. The
hornblende is generally dark-green in colour, and is powerfully dichroic, except
in No. 4 in which the hornblende is very pale in transmitted light ; in the latter,
however, the dichroism is still distinct. Nos. 2 and 3 contain calcite, and 2, 4,
and 5, a few grains of free quartz. The quartz of 4 and 5 contain some minute
liquid cavities with bubbles, but high powers are required to detect them. Gas
pores are sparsely present in all the above specimens (2—35). Nos. 2 and 5
contain some hematite, and a little epidote. Sphene is abundant in No. 4, and
one of the slices of No. 4 also contains a garnet.

The felspar in Nos. 2 to 5 is visibly triclinic in the ma]onty of crystals.
No. 5 appears to contain a few prisms of orthoclase, but this species of felspar
could not be identified in any of the other slices. A piece of microcline is
present in No. 4

In all the above slices (2—35) more or less of a residuum or base can be made
out, which seems $o consist in part of quartz., in part of felspar, and in part
of a crypto-crystalline admixture of both.

With the exception of a few specks in No. 4 the magnetite in all the other
thin slices appears to have been converted into ferrite. Microliths of hornblende
are abundant in all the specimens examined under the microscope.

Trap on the north side of the town of Rampur.

No. 6.—Amygdaloidal trap. Sp. G, 3:06. One half of the hand specimen is
compact; the other half is crowded with small amygdules. Some of them are
round, but others are somewhat elongated, the longest axes being, more or less, in
the same general direction.

M.—The ground mass is composed of a granular crystalline material which is
greenish white in reflected light. In transmitted light it is translucent rather
than transparent, and is of a dull whitish or yellowish green. It is not dichroic
and between crossed nicols it polarises in a dull patchy way. It is probably a
transitional form between hornblende and epidote. In this ground-mass power-
fully dichroic crystals of hornblende are embedded. Epidote is also abundant,
A little free quartz is present here and there, but I have not observed any felspar.

The amygdules are composed of quartz, epidote, and calcite.

A little magnetite is sprinkled about in the slice. The free quartz in the
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ground-mass contains a few liquid cavmes with moveable bubbles, but there are

the amygdules.

No. 7.—Sp. G. 2-93.
No. 8.—S8p. G. 2'94.
No. 9.—Sp. G. 2-93.
No. 10.—Sp. G. 3-00.
No. 11.—S8p. G. 2-89.
No. 12.—S8p. G. 3-03.
No. 13.—Sp. G. 2-93.

All these specimens (7—13) are of dark-grey colour, with a slight inclination
to a dull green tint. Nos. 8 and 9 are somewhat fissile, and have a feeble mica-
ceous glaze on the splitting surface. All are compact, but with the aid of a lens
micro-prisms of hornblende can be made out in most of them, and No. 12 seems
to be almost made up of prisms of this mineral. With a lens the quartz and
felspar can be distinguished from the hornblende in Nos. 9, 10, and 11; whilst
No. 11 is seen to have a fine foliated structure.

The specimens 7 to 13 may be divided into two classes; namely, those in
" which the ground mass consists wholly, or principally of quartz (9, 11 and
12) ; and those in which it consists nearly wholly of felspar, as in Nos, 8 and 13
in which there is no quartz. No. 7 occupies an intermediate position between
the two classes. ,

Epidote is present in Nos. 8, 9, 10 and 11: it is usually quite colourless in
transmitted light, Magnetite is present in all slices except those of Nos. 7 and 8,
in which ferrite takes its place.

The felspar in Nos. 7, 8, 10, and 13, is, for the most part, visibly triclinic and
none of it can be recognised as orthoclase.

The quartz, in these slices, 18 in micro-grains, and in No. 12 the latter exhibit
a tendency to assume crystallographic outlines.

The dichroism of the hornblende is very brilliant and axial sections exhibit
the cross cleavage well. In No, 12 the prisms present in some cases very
regular outlines. In all these slices microliths of hornblende are abundant in the
ground-mass.

I have not observed any liguid cavities with bubbles in these slices, except in
some of the epidote of No. 11, in which they are rather numerous.

Narkanda quartz-diorite.

Nos. 14 and 15.—Sp. G. 2'95. From an outcrop on the road, about 3 miles
on the Mattiana side of Narkanda, noted by Mr. Medlicott in his Memoir * On
the Geological structure and relations of the southern portion of the Himalayan
range between the Rivers Ganges and Ravee.” Memoirs, Geological Survey,
Vol. II1, p. 40.

M.—This rock is composed of hornblende, mica, triclinic felspar, and a little
quartz. Magnetite, ferrite, and a little calcite are also present. Judging from
the absence of dichroism, and from the angle of extinction, ooe of the slices appears
to contain some augite which seems to have escaped conversion into hornblende.

TI1 T TTI
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1 Lave not observed any liquid cavities with moving bubbles, but some
portions of the hornblende are full of gas cavities and inclusions that follow two
directions of cleavage. Liquid cavities with bubbles, full of air or gas, are also
present in the hornblende. Many of the microliths present in the slice are
cracked and contain fixed bubbles. The appearance of the slice is that of an
intrusive rather than that of a contemporaneous igneous rock, and seems to be a
normal quartz-diorite.

Between Rampur and Gaora.

No.16.—Sp. G.2:96. A very fine-grained speckled hornblende rock, in white
quartzite, on the ascent from Rampur to Gaora. The hand specimen exhibits an
incipient foliation. At first sight, from the mode’of outcrop the rock appears to
be intrusive in the quartzite, but on a careful examination of the outcrop on the
occasion of my last visit, I failed to obtain any actual evidence of intrusion.

M.—The ground-mass consists of granular quartz. Hornblende is abundant.
The slice also contains a little epidote, colourless in transmitted light, and some
micro-garnets. No liquid cavities could be discovered. The slice contains no
felspar, and magnitite is replaced by ferrite.

No. 17.—Sp. G. 295. A beantifully crystalline diorite.

No. 18.—S8p. G. 2:96. A closely similar rock. It differs from No. 17 only
in the felspathic element not being quite so prominent.

Both specimens are highly crystalline rocks ; the minute prisms of hornblende
set in a white matrix being visible ta the unaided eye. The hornblende radiates
in all directions, and there is not the slightest approximstion to parallelism in the
arrangement of the constituent minerals. These specimens appear to belong to
the same type of rock as No. 4; there seems bean advance in crystallization—that
is all.

M.—The hornblende is in massive prisms, most of which are twinned. When
seen in section they are six-sided, and exhibit the prismatic cleavages well. The
hornblende is also present in the form of micro-prisms and crystals,

The other constituents of therock are felspar, quartz, magnetite, and mica.
Some of the felspar is visibly triclinic: the mica is not abundant, and the quartz
is subordinate to the felspar.

The rock containg air or gas inclusions, and some liquid cavities with fixed
bubbles. Microliths with fixed bubbles and elongated shrinkage cavities are also
present. The bubbles in the liquid cavities are large compared with the size of
the cavities enclosing them. There are some colourless microliths that may be
apadtite.

The aspect of the rock under the microscope is that of an eruptive one.

It is apparently the same rock as No. 4, but of more grauitic structure, being
almost completely holocrystalline. The sphene of No. 4 is not present in very
thin slices of Nos. 17 or 18, but appears in the specimen next to be described.

No.19.—Sp. G. 3:04. A dense, fine-grained hornblende rock, speckled with
minate white specks, '

M.—This specimen so closely resembles No. 17 in microscopic strncture that a
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separate description is unnecessary. It contains what appears to be sphene. "It
‘is more translucent than titanite usually is, and it is granular in structure, pre-
senting none of the characteristic forms of sphene ; on the other hand its optical
characters agree precisely with those of sphene; its dichroism and powerful
" double refraction being very characteristic. Every piece of sphene in the slice
(and they are numerous) contains very many irregularly shaped fragments of
ilmenite, or magnetite, probably the former.

No. 20.—Sp. G. 2'99, This specimen is made up of hornblende, mica, and
quartz. Ilmenite, or magnetite, is also present, apparently the former. It is
associated with sphene as in No.19. The hornblende is much corroded and eaten
into by granular matter and minute grains of quartz. Microliths, some of which
are of mica, contain fixed bubbles, and many of them enclose a plurality of them.
The slice does not contain any liquid cavities with moving bubbles.

Between Guora and Sarhan.

No. 21.—Hornblende rock. Sp. G. 8:03. The hornblende is of the same
character as that of the specimens already described. The ground-mass is com-
posed of a mixture of quartz and triclinic felspar. The slice contains numerous
small, well-crystallized garnets, some schorl, magnetite, heematite, and a little
mica. I have not detected any liquid cavities with moving bubbles, but some of
the microliths contain internal cavities. The hornblende encloses numerous
micro-inclusions which contain fixed bubbles. A quartz grain sliced at right
angles to the optic axis, contains an oval-shaped inclusion of glass with a large
oval-shaped fixed cavity at one side of it. The inclusion appears to be of glass,
for it is almost invisible in reflected light, whilst when tested with, and without,
the quartz plate, in transmitted polarised light, it is quite inert.

No. 22.—Sp. G. 2:90. From a bed in mica schist close to the locality from
which No. 21 was taken.

This is a distinctly foliated, fine-grained, hornblende schist. The weathered
surface is micaceous. .

M.—There is a perfect parallelism in the arrangement of the hornblende,
with lines of finely granular quartz between the strings of hornblende prisms.
The latter are not in continuous straight lines, but merge with each other here
and there like the meshes of a net. Felspar is very sparse. The hornblende is
in acicular prisms, and is rarely massive. I have observed no liquid cavities with
bubbles. This is a very metamorphic-looking rock.

No. 23.—Sp. G. 3:04. A very fine-grained rock, apparently intrusive in the
schists, on the road side 2 or 3 miles sonth of Sarhan.

M.—Under the microscope a parallelism is observable in the arrangement of
the minerals. The slice is composed of hornblende in bladed prisms, and quartz,
the grains of which show sharp crystallographic outlines. A considerable amount
of magnetite, in strings in the hornblende, and some ferrite, are present. There
are no liquid cavities with moving bubbles, and the rock presents no special
features. I only detected one piece of felspar in the slice, and this gave no indi-
cation of twinning.
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Between Sarhan and Taranda.

No. 24.—Hornblende rock. In this specimen the hornblende predominates
largely over the quartz. Thereis a present tendency to hexagonal outlines in
the grains of the latter mineral. A little triclinic felspar is present. The slice
contains microscopic garnets, but they are not numerous. Liquid cavities with
movable bubkles are present in the quartz, but they are sparse. A few microliths
contain vacuoles or shrinkage cavities. Some magnetite is also present.

No. 25.—Hornblende rock opposite Pawanda in contact with a dyke of gneiss-
ose granite. The specimen was taken from the contact edge.

M.—Half the hand specimen has been converted into mica ; the mica appear-
ing along the line of contact between the hornblende rock and the gneissose
granite. Under the microscope the hornblende, along a line parallel to the mica,
has quite lost its colour; patches of green colouring matter, however, being left
here and there in the colourless prisms. All the hornblende at the outer side of
the slice is deeply coloured, varying from a yellow to a blue green. The coloured
portions are powerfully dichroic, and the cross cleavage is typically exhibited in
both the coloured and colourless hornblende.

There is a decided parallelism in the arrangement of the materials. The
hornblende prisms are set in felspar and quartz, the former probably predomi-
nating. Much of the felspar is visibly triclinic. The slice contains magnetite
and some garnets,

There are numerous microliths which contain cavities and inclusions. There
are a few liquid cavities with fixed bubbles.

No. 26.—Hornblende rock. The hand specimen was taken from the out-
crop on the ascent to Taranda, from the stream at the 102nd mile from Simla,
Sp. G.2'94. In one place the outcrop is distinctly fluted,

M.—The hornblende is very perfect; dichroism is intense, and the prismatic
cleavage is well-marked. The felspar, much of which is visibly triclinie, pre-
ponderates, I think, over the quartz; but in this, and the other Sutlej valley
specimens, it is extremely difficult to discriminate between the quartz and fel-
spar when the twin lamellee of the latter are not visible ; the felspar is very glassy,
and in external outline, and in its appearance under the polariscope, it does not
sensibly differ from the quartz. The minute size of the grains adds much to
the difficulty. A close examination, however, with sufficiently high powers, will
often bring cleavage lines to light, which enables one to discriminate between the
two minerals.

Liquid cavities with bubbles are present, and gas inclusions, some of which
appear to have deposited mineral matter on cooling, are somewhat abuudant,
Microliths containing vacuoles are numerous; one, apparently of hornblende,
contains four rounded vacuum bubbles of different sizes, whilst in some others
they are specially abundant. There are some wmicro-garnets.

No. 27.—Sp. G. 2'98. A very fine-grained, almost compact, hornblende rock,
from a dyke in front of Pawanda, on the road-side, 106 miles from Simla, that
has apparently intruded through the centre of a dyke of the gneissose granite.

M.—The slice examined is composed of hornblende and quartz, principally the
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former. The quartz is in minute, well-crystallized grains, and there is no parallelism
in the arrangement of the constituent minerals. A little triclinic felspar is mixed
up with the quartz, and the slice also contains alittle mica, magnetite and ferrite.

Some liquid lacun®, with fixed bubbles, large in proportion to the cavities, are
to be observed in the quartz. Gas bubbles and irregularly shaped gas inclusions
are common in both the quartz and hornblende. The latter also contains numer-
ous other inclusions, most of which appear to be filled with “stony” material,
and contain round and fixed bubbles—often a plurality of them. These bubbles
do not hold either air or gas, and seem to be shrinkage cavities. One cavity
contained a large gas bubble combined with liquid or “stony” matter. Other
stone cavities have internal deposits of a dark mineral, which, in general, has
formed along their inner borders.

No 28.—A quartzose mica diorite.—The hand specimen was taken from the
banks of the Sutlej Nachar, near the hot springs. Sp. G. 2:84.

There are numerous veins of intrusive granite in this locality ; one of them
on the right bank has cut through the hornblende rock and converted it into a mica
trap. This specimen is a crystalline granular mixtaure of biotite, hornblende,
felspar, and quartz. No parallelism of structure is visible.

M.—Hornblende is extremely subordinate to biotite and quartz to felspar: the
latter is very hyaline, and most of it is visibly triclinic. The biotite and horn-
blende together about equal the felspar. Micro-sphenes are very numerous, and
the slice contains a little magnetite.

Liquid cavities with moveable and fixed bubbles are abundant ; the bubbles
are large, and cover about half the area of the cavities.

Microliths are extremely numerous; some are cracked, and many of them
contain round and elongated vacuoles. Some contain a plurality of them. The
slice contains liquid cavities with gas bubbles, the bubbles occupying above
three fourths of each cavity. The whole aspect of the rock is that of one of the
igneous class.

No. 29.—Hornblende rock, Wangtu. Sp. G. 3'02. The rock at Wangtu is
very fine-grained, and shows distinct parallelism of structure when examined with
a lens. .

The hornblende is very green in tramsmitted light, and is powerfully dichroic.
The mineral next in abundance is quartz. There is a little triclinic felspar pre-
gent and multitudes of micro-sphenes.

The quartz is moulded on to the hornblende; liquid cavities with moveable
bubbles are present, but they are not numerous. Gas cavities are also present.

The Wangtu specimens contain microliths with shrinkage cracks and vacuoles.

No. 30.—Hornblende rock. Between Wangtu and Chigaon. Sp. G.3'02.
This appears to be the same bed as that seen at Wangtu, but it has here become
a fine-grained mixtare of biotite, hornvlende, quartz, and felspar ; the biotite and
hornblende being about equal in amount.

The hornblende is so black. and lustrous, and the grain is so small, that it
would require a very sharp eye and a good pocket lens to detect the change in
the rock. It still exhibits a fine but decided foliation. A few micro-garnets
appear to be present.

P e
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Under the microscope the rock is seen to be perfectly crystalline. Microliths
abound, many of them being of hornblende ; and a large number of them contain
shrinkage cracks and vacuoles. Liquid cavities with moveable bubbles are pre-
sent, but sparse. ) ‘

No. 31.—Hornblende rock. This specimen was taken from the same locality
as No. 30, close to a small granite dyke that cuts across the bed. As compared
with the last specimen, quartz has dwindled into comparative insignificance; and
folspar, nearly all of which is visibly triclinic, predominates largely over it.

The slice contains ligquid cavities with moving bubbles, and inclusions with
mineral deposits and fixed bubbles. Magnetite or ilmenite is present in some
abundance.

Parr III.

REMARES ON THE CHARACTER OF THE ROCKS DESCRIBED IN THE PRECEDING PARTS,
AND ON THE STRATIGRAPHY OF THE REGION.

Amongst the trap south of the town of Rampur, amygdaloidal specimens are
not uncommon ; the hornblendic trap is intercalated with slaty beds, and about
the middle of the series three bands of quartzites occur separated by beds of
slate.

The amygdaloidal character of some of these traps seems to point decidedly to
a voleanic origin, and 1 see no reason to class them with the platonic rocks.
They crop out very nearly on the horizon occupied by the basic voleanic series of
the Dalhousie area, and their position agrees well with that of the Kashmir
traps, which occasionally pass up into the lower carboniferous series.

The Rampur traps differ from those south and north-west of Dalhousie,
inasmuch as the amphibole element takes a decided place in them; but I bave
pointed out in my last paper that the Hulh and Sao traps, to the north-east of
Dalhousie, show a decided tendency to become hornblendic.

It may be that the volcanic rocks, in their extension into the Rampar area,
underwent a change of type. I have, in my last paper, given my reasons for
believing that the view adopted by Mr. Lydekker in his Memoir on Kashmir is
correct, and that the ancient lavas of the North.Western Himalayas were not
fissure eruptions, but were emitted by volcanoes dotted over the then surface of the
country. That being the case, there would be nothing surprising in the fact that
volcanic activity extended over a considerable period in time, or that the lavas
which issued from the different volcanic centres differed from each other consider-
ably in type. That the latter was really the case will, I think, be clearly seen if
we compare the results of the microscopic study of the traps south of Dalhousie?
with those north of Bhandal, and with those at Hulh and Sao.*®

I am disposed, however, to attribute the hornblendic character of the Rampur
traps to another cause, namely, to metamorphic action.

! Reo. Geol. Surv., VoL XVI, p. 178,
3 Sce in my last paper.
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The amygdaloidal character of some of the Rampur traps south of the town
indicates that these traps are true lavas; whilst it is clear to me that the rocks
at Rampur, immediately north of the town, belong to the same series as the traps
on the south of the town. The high specific gravity of the hand specimens from
both the north and the south of the town, on the other hand, seem to indicate
that their affinities are with the basic lavas rather than with the hornblende-
andesites.

Augite, as is well known to mineralogists now-a-days, is not a stable mineral ;
but on the contrary it exhibits a strong tendency to set up molecular changes, in
the presence of metamorphic action, that result in its settling down into the more
stable form of hornblende.

An interesting résumé of the evidence bearing on this point has recently been
published in the American Journal of Science,! and it will be sufficient to refer to
that article, and to the authorities quoted therein, as a guide to any one who
wishes to pursue the investigation. The papers of Mr. J. A. Phillips (Q.J. G. S,
XXXII, p. 155, and XXXIV, p. 471) in which the change of augite into horn-
blende is proved, and certain * greenstones ” are shown to be altered doleritic
lavas, may also be referred to.

“ Jukes long ago,” Mr. Williams writes,? ‘suggested that many areas of
hornblende rocks might be accounted for by the alteration of old lavas, and this
seems now to be fast gaining ground.” Hornblende schists, in particular, have,
it has at different times been suggested, resulted from the alteration of basaltic
tuff.3

“ Quite recently,” to quote again from Mr. Williams’ paper, * the possible
widespread geological importance of the paramorphosis of pyroxene to amphi-
bole in accounting for the existence of many areas of hornblendic rocks by the
alteration of other rocks, originally aungite, has attracted much attention. This
change has been carefully followed in Norway, Austria, Suxony, and several
other European localities, as well as on this continent in New Hampshire,
Wisconsin, and in the region about Baltimore.”

One remark made by Mr. Williams has an especially important bearing on the
inquiry into the origin of the Sutlej valley bornblende schists, namely, ““In the
great gabbro area, west of Baltimore, the massive diallage and hypersthene rocks
occur everywhere imbedded in, and passing by gradual transitions into more or
less schistose amphibolites, which differ from them mineralogically only in the
crystalline form of the bisilicate constituent. These amphibolites have, through-
out the whole area, a nearly parallel strike and dip, and many other facts, which
cannot here be enumerated, indicate that their schistose structure is like slaty
cleavage, the result of lateral pressure. That the amphibolites have resulted from
the paramorphosis of the pyroxene in the gabbros is abundantly proven both by
microscopic study and their relations in the field, and the fact is very significant
that throughout the area, as a rule [the italics are in the original paper], the

1 On the Paramorphosis of Pyroxene to Hornblende in rocks; by Geo. H. Williams, Vol.
XXVIIL, p. 259 (Oct. 1884).

9 See also Geikie’s Text-Book of Geology, p. 121,

? For instance see Quar. Jour. Ueol. Sur., Vol. XXXIX, p. 19.
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schistose structure is developed ¢n proportion to the completeness of the paramor-
phosis.”

I note in passing that one of my hand specimens from the north side of the
town of Rampur exhibits a distinct parallelism of structure, whilst some beds might
be callen hornblende slates as their fissile character is well marked. The latter,
I think, are probably altered ash beds.

The view that the hornblendic character of the Rampur traps is due to meta-
morphism, is favoured, not only by the general considerations indicated above, but
by tho fact that whilst observations in the field showed the rock series to the north
of the town to be a mere repetition of that seen on the south of the town, the
metamorphism of the northern wing of the syncline—that nearest to the main
axis of granitio eruption and metamorphio action—is more advanced than that of
the southern wing ; the beds of which the former are composed looking more like
hornblende rocks, and less like lavas, than those which compose the southern
wing.

Another consideration is, if the rocks are not altered lavas, what are they P
The amygdaloids of the southern wing seem to shut out the supposition of their
being either metamorphosed sedimentary beds or plutonic eruptive rocks. The
Rampur rocks occur, it seems to me, on the horizon of the volcanio series of
Kashmir and Dalhousie, and I think they must belong to that series.

The view was adopted in the Manual of the Geology of India® that the traps
of the Bids and Sutlej valleys were intrusive and connected with the “extreme
crushing and disturbance the slates and limestone have undergone in those
positions.” My microscopic study of the Bifs valley traps exposed at Darang
and Mandi,® has shown that the rocks at both those places are altered basalts
resembling those south of Dalhousie. The traps at Suni in the bed of Sutlej
are very much altered by aqueous agencies—a fact probably connected with the
presence of hot springs in that locality ; but the appearance of these traps, in the
field and under the microscope, leads me to class them with the lavas of the
Dalhousie and Kashmir areas. My reasons for claiming the traps of Rampur
as altered lavas have been given in the preceding pages.

In the Dalhousie area the lavas come in above the upper silurian conglo-
merate and below the carbo-triassio series, as is well seen in the neighbourhood of
Bhandal, Hulh, Sao, and Aulansa, the details of which outcrops were given in
my last paper. The traps under discussion appear to occupy & similar position in
the valleys of the Bids and Sutlej, with the exception, as we have seen, that at
Rampur they extend into the lower carboniferous series. They do not occur
either in the Simla or in the Dalhousie area in the great series of carbo-triassic
limestones, but they often touch, and are never far from those limestones in the
Dalhousie area, and they appear to occupy a similar position at; Darang and
Mundi; at the Gairu monntain?® on the north of the Sutlej; and at Suni ;¢ whilst
they succeed the infra-Krol slates and the Krol quartzite at Rampur.

1 Manual, Geol. Sur., p. 606.
% Records, Qeol. Sur., Vol. XV, p. 156.

$ Memoirs, Geol. Sur., Vol. 111, p. 60.
¢ Memoirs, Vol, 111, p. 48.
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Outcrop on the Fﬁgn-T}nog road and the Shili peni: The th;ck series of hme-
stones seen on the Shili, I now see no reason to doubt,. belong to the carbo-
triassic series. Between the Sh4li and Simla, there is a sudden transition from
the limestones to the Simla slates. . The junction is probably a faulted one, and
the fault apparently extends to a little north of Fégu, for though the Blaini rocks
are seen to the north and to the east of Thiog, they do not crop out, as they
ought to do, on the road-side between Fagu and Thiog.

North of Thiog the limestones and slate rocks of the Blaini and infra-Krol
senes dip under massive quartzites, which doubtless represent the Krol quartzite.

A little beyond Mattidna schistose calcareous beds come in, which I apprehend
are highly altered numbers of the -Krol series. Somewhere between these beds
and Narkanda, I think the existence of a fault must be assumed. Some of the
beds here displayed remind me very much of the mica schists of Jako, and it
seems open to us to suppose that their metamorphism is due to the causes which
have condnced to the metamorphism of the Jako beds; but near Narkanda, we
come, on the flank of Hattu, to beds of gneiss.

The microscopic examination of the Hattu gneiss, contrary to my then
expectations, did not favour the hypothesis that this rock had an eruptive
origin,? and I see no reason to class it with the gneissose granites.

But even if we discard the gneiss beds from consideration, the schists exposed
at Narkanda, on the road to Kotegarh, are mica schists of an extremely pro-
nounced type, and I do not think they can be younger than of lower silurian age.

Assuming their age to be that here assigned to them, and assuming the
existence of a fault between Mattidna and Narkanda, the section, onwards may
be described as follows. At Narkanda the oldest rocks are found at the point
of highest altitude ; whilst at Rampur we have the younger rocks occupying the
valley of the Sutlej. The dip is north-easterly; and, according to my view, the
older rocks dip under younger ones, and we have a regular sequence of rocks
between Narkanda and Rampur, beginning with the lower silurians (or ram-
brians ?) at Narkanda, and ending, at Rampur, with the volcanic series of lower
carboniferous age.

The Simla slates in this series are probably represented in part, by the
micaceous rocks near Kotgarh, and by the thick series.of silicions rocks between
Kotgarh and Narkanda. The argillaceous element probably gave way in this
region to the arenaceous.

At Rampnr we find a fanlt along the axis of a synclinal flexure. The Krol
quartzite is again brought up, and the volcanic series follow in inverted order.
The quartzites, which to the north of Rampur follow the volcanic series (I do
not allude to the qua.rtmtes intercalated with the traps) represent, in my opinion,
the qua.rtmtes seen in the southern wing of the syncline between Narkanda and the
Nogli stream ; but the infra-Krol carbonaceous beds, so typically developed south
of the Nogli, ha.ve disappeared from the section north of Rampur. These beds
may either have been cut off by the fault which, on my interpretation of the

! See remarks on slices 51—53, Records, XVII, pp. 60. 61, in which I recorded my conviction,
bnsed on wicroscopical evidence, that these specimens were *“metamorphic” rocks.
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section, must be placed between the northern boundary of the volcanic series and
the quartzites ; or they may-have thinned out.

The quartzites beyond Rampnr are conformably succeeded, ﬁrst by whlte
mica schists that resemble some lower silurian bedsi n the Dalhousie area ; then
by mica schists of a pronounced type, and finally by gneissic beds, the foliee of
which are greatly crumpled, and which, I doubt not, are altered sedimentary beds
of lower silurian or cambrian age.

According to the view expressed above, the two outer ends of a long synclinal
flexure are occupied by the older rocks, with the younger rocks in the middle.
The older rocks dip under the younger from Narkanda down to the Nirat out-
crop of the gneissose granite; whilst from Rampur to Gaora the rocks are in
inverted order, the younger dipping under the older. Between the Nirat outcrop
of the gneissose granite and Rampur, the younger rocks have been considerably
crushed, especially at Nogli; and the squeeze has been so great that though the
volcanic series present, as I believe, a regular sequence from the Kro] quartzite at
the Nogli up to the fault at Rampur, and from the Krol quartzite at Rampur up
to the northern boundary of the volcanic series, yet the Krol quartzite has been
brought into contact with the highest beds of the volcanic series and a divergent
dip imparted to the volcanic beds on either side of the Rampur fault. That the
younger béds in the middle of the long synclinal fold stretching from Gaora
to Narkanda should have been subjected to such intense compression is hardly
surprising, for they must have suffered, not only from the tangential pressure
which produced the aynclinal fold, but also from the compression caused by the
intrusion of the Nirat gneisso.e granite.

There is a fault at the end of the southern wing of the syncline, to the south
of Narkanda, another along the axis of the syncline at Rampur, and a third
between Rampur and Gaora.

Between Gaora and Wangtu no new sedimentary beds come in.

The gneissose granite penetr ates the southern wmg of the syncline in the
middle of the infra-Krol (lower carbomfel ous) series. In the northern wing
it intrudes much lower in the series, appem ing in the lower silurians and (?)
cambrians.

The quartz-diorite or amplnbohte appears in the northern wing of the anticline
only, and it evidently belongs to the period of granitic eruption, In my papers
in Vol. XYI already referred to (see foot note ante) I adopted the view that
the gneissose granite was erupted in tertiary times, and I have since seen no
reason to modify that conclusion.

In offering the a.bove remarks on the stra.tlgraphy of the Simla and Wangtu
section, I am deeply sensible of the danger of framing theuries based on road-side
observations along a single line, before the neighbouring country is surveyed and
mapped by a competent geologist; but as there seems no immediate prospect of
this being done, and as the task, whenever it is undertaken, will be a long and
laborious one, it may not be out of place to record .the impressions that have been
left on my mind by the facts at present available,

A modification of the interpretation of the Narkanda.Wangtu section pro-
posed above, that might suggest itself to some minds, is that the infra-Krol rocks,
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difficulty in distinguishing the quartz from orthoclase in a quartz-diorite is noted
by Fouqué and Michel Lévy in their Minéralogie Micrographique, Part IT, Plate
XXIV.

I have already, in Part I of this paper, made sllusion to several cases in
which the fine-grained foliated amphibole rocks of the Sutlej valley appear as
intruders in the schists and in the gneissose granite. The Wangtu case deserves,
I think, some further comment. A sketch of this example is given at figure 1
of the plate attached to this paper.

This dyke extends apparently for many miles. Above the junction of the
Wangar river, there is only one dyke ; but between the bridge over the Sutlej at
‘Wangtu, and the Wangar river, this apparently splits up into two parallel dykes *
The two dykes are biseoted by the Wangar river, and the sketch shows their
appearance i» situ, on the smooth face of a rock composed of gneissose granite,
which overhangs the river on the right bank of the Wangar, atits junction with
the Sutlej.

A metamorphosed sedimentary rock might conceivably be squeezed up into
a orack formed by a rupture of the granite ; but this explanation is not, I think,
applicable to the present oase. The foliation of the hornblende rock rums with
the dyke, and is parallel to the bounding walls of granite. The fine lines of
hornblende rock (foliated tonalite) between the two dykes, penetrate the granite,
diverge from each other, unite again, and again diverge, and terminate in the
upper tongue, in a way that seems to indicate unmistakably that the amphibolite
ate its way into the granite in a condition of igneous fusion, A like inference
may also, I think, be fairly drawn from the behaviour of the two tongues which
have eaten their way into the granite at right angles to the course of the dyke
from which they emanated.

At figure 2 I have given a sketch of a portion of what seems to me the same
dyke whioh ocours higher up the Sutlej, in the strike of the Wangar dykes, a few
miles beyond Wangta. The sudden way the dyke changed its course and bulged
out at the elbow, at the turning point, can hardly be attributed to contortion.
The direction of the lines of fine foliation is indicated by the arrows.

When examined under the microscope; the quartz-diorites and amphibolites
described in Part 1I, with scarcely an exception, exhibit structural characteristics
which show that they have been subjected to great heat and high pressure.
Taking Nos. 18, 21, 26 and 27 as examples, I find that they contain air or gas
inclusions, and liquid cavities with moveable bubbles, the 