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92.—ProsaBLE CHANGES OF LATITUDE.
By R. D. OLpnan, A.R.8.M. ete.
Parr L.—Graciar Periobps 1N Low LATITUDES.

i - to the former existence of
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In Kashmir Mr. Lydekker has described ! a group of beds com-
posed of a finc-grained wairix, through which are scattered boulders
of crystalline rock ; these were considered to be of glacial origin,
and indeed it is difficult to conceive of any other satisfactory explana-
tion.  This group, the Punjal Conglomerates, has not yet been iden-

tified with certainty in the Simla region of the Lower Himalayas;
but there is a group of beds whose position and appearance render
it probable that they are of the same age.

Above this group, which may represont the Punjal Conglomerates
of Kashmir, but separated from them by a considerable though
undetermined thickness of beds and an unconformity, comes the
Blaini group,? which is so unique in its character, and so constant
over a largo area, that it is most important in unravelling the structure
of the hills. It consists of a band, seldom over 30 feet thick, of thin-
bedded limestone resting on a « conglomerate,” the matrix being
usually a fine-grained slate, through which pebbles and boulders of
slate and quartzite aro scattered. The aspect of the rock is decidedly
glacial, and my colleague Mr. C. S. Middlemiss has discovered a
pebble scratched in a manner very suggestive of ice action.

Yet higher in the series there is the Mandhali group, which, though
it has so far yielded no scratched pebble, is even more conspicuously
glacial than the Blaini Conglomerate ; and, yet newer, there are at the
base of a quarizite series, provisionally known as the Biwars, some
beds originally composed of fine sand, through which rounded frag-
ments of quartzite sometimes over a foot in diameter are scattered ;
these beds. are associated with a very coarse-grained arkose, itself
indicative of a more severe climate than now prevails in these lati-
tudes, even at an altitude of 15,000 feet. These last two groups have
not yet been proved to be distinct ; hut there is no reason for doubting
their distinctness, or suspecting their identity.

All these beds are conspicuously of subaqueous origin, and if we
except the Biwar beds—which have so far been identified in one
locality only—too widespread in their distribution and too const
in their characters to render it probable that they ave of other than
warine origin. Tlere are, besides, very good reasons, which it is
needless to enter on here, for supposing that all the sedimentary
beds of the Lower Himalayas are of marine origin.

In the Lower Himalayas no pre-Tertiary glacial beds of later date
than the Bawars have yet been determined; but in Ladak Mr.
Tiydekker has described a group of beds which he considers of glacial
origin, as conformably underlying the Nummaulitics.?

Leaving the Himalayas, we find in the Salt Range proofs of glacial
action at more than one Lorizon. The newest of these is in the
“Olive group,” which was oviginally described as Cretaceous, and
lately, on the strength of some Conularie, identical with species
found in Australia, which were supposed to be derived from con-

! Memoirs Geological Survey of India, vol. xxii. p. 247.

* First deseribed by Mr. 1I. B, Medlicott, Memoirs Geolegical Survey of India,
vol. iii. pt. 2, p. 30.

¥ Memoirs Geological Survey of India, vol. xxii. p. 104,

ant
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cretionary nodules formed in situ, has béeq declared t<1)1 beegi::)&r;x;
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ined, there can be no manner of dou at the fo ur
f:rtll)ll:;)r;:téd pebbles, and are consequently valueless for determining
. taxis of this group.? ) )
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morphic or,itrin, are almost entirely river deposits s‘.o ghz}t t 1?) 1%:3 euce
of akny trace of more than a single glaina.]t pelcllo is m
i to their records having been destroyed. )
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! Records Geological Survey of India, vol. xix. p. 22.
id. p. 127, et sequel. . .
: }\ll):xluoli)rslGZolf)gicgl Survey of India, vol. xiv. pp. 87, 93, 214, etc.
4 Tbid. vol. xvii. p. 239. ) N
5 Relcords Geological Survey of India, vol, xix. p. 129.
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The boulder bed of the Olive group has not yet yielded any fossils
of contemporaneous origin, but it appears to be perfectly conform-
able to beds of undeniably marine origin, and overy argument from
analogy is in favour of the supposition that it is itself either of
marine or estuarine origin.  But, as I have shown above, the land
surface of whose waste it is composed lay to the south, so we arrive
at the rather startling: conclusion that when the beds of the Olive
group of the Salt Rango were being deposited, there were glaciers
which descended to the sea-level i a region which now lies within
34 degrees of the Equator.

In that great and almost unknown tract lying between the
Aravalli Mountains and tho Indus, which iy comprehensively
entitled “Desert” on the maps, there may be found near the town
of Pokran, in N, latitude 26° 55, an old land-surface showing
glacial groovings and strie. These might be ascribed to the action
of winter coast ice formed on the margin of a lake or sea; but, in the
boulder beds which occur in the ncighbourhood, and are without
doubt of the same age as the glaciated land surface, there may be
found facetted blocks which, like those of the Salt Range, could not
be ascribed to anything but glacier action. Morcover, this land-
surfaco is coverod in places by a boulder bed with a hard intensely
tough matrix, differing from the stratified boulder beds of the neigh-
bourhood in much the same manner as the “till” of Scotland differs
from the marine boulder-clays of the Midland Counties; if tho
hypothesis that tho toughness of the former is due to its being a
“Grundmoraine ” be accepted, it follows that the same explanation
will account for the toughness of the boulder beds of Pokran, and
we have yet another proof of the existence of glaciers on this old
land-surface.

The boulder beds in the Desert have been traced for sixty miles
north-east of Pokran; in the vicinity of the old land-surface the
boulders are almost exclusively of porphyry and syenite derived from
it, but further north blocks of gneiss of the peninsular type become
common; and in N. latitude 27° o0, Iiast longitude 720 30, there is
a block of very coarse-grained granite, of which 10 feet X 7% feet
X 3 feet is exposed above ground. The nearest source from which
this block could have been derived is in the Aravallis full 150
miles away. The age of these boulder beds appears to be the same
as that of the Talchirs; the reasons for this conclusion are of a
putely inferential nature, but their extent, combined with the dis-
tance from which some of the blocks have been transported, as well

as their position on the western margin of the peninsular area, point
to the conclusion that they are of marine origin ; so that here again weo
have evidence of glaciers having descended to the sea in o district now
less than 27 degrees Jrom the Equator.

Parr IL—GrNgraL CoNSIDERATIONS.

It haslong been known that there were ample proofs of the former
existence of mild, even subtropical climates within the Arctic circle ;
but the continuity of this climate, and the absence of any signs of
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the extreme cold which now prevails in that region, was never fully
understood till it was described and emphasized by Baron Norden-
skiold. Ina lecture of his published in this MacazIng, after reviews-
ing the evidence of the fossil flora and fauna, Le remarks on the
favourable nature of the country for geological investigation, on the
{ the series extending one may say from the Silurian
to the Tertiary, and emphasizes the fact that, in all the sections he
bad examined, he never saw & boulder “even as large asa child’s
head ” in any rock of Tertiary age or older.! Various hypotheses
have been propounded to account for these warm climates in the
Arctic regions without involving a shifting of the earth’s polar axis;
the most ingenious and captivating of theso is doubtiess Mr. Wallace’s
modification of Dr. Croll’s theory, according to which the mild
climates of the polar area Were due to the warming effects of currents
of heated water, from the equatorial regions, which bave been cut off
by a gradual development of the continental areas. Looked at from
the polar point of view, this hypothesis was legitimate and competent
enough to account for the facts it was intended to explain; but an
hypothesis is only acceptable as long as nothing directly incompatible
- with it is known, and however competent the hypothesis may be to
account for the mild climates of what are now the Arctic regions, it
is absolutely incompatible with the evidences of repeated glaciation
in low latitudes which 1 have referred to above.
Mathematicians forbid us to explain the circumstances by a shift-
ing of the axis of revolution of the earth.  Whether in this they are
right or wrong is immaterial, for it seems to me that there is an
equally satisfactory hypothesis open to us.. Mr. Fisher, in his
« Physics of the Tarth’s Crust,” has given good reasons for supposing
that there is a fluid or semiftuid layer intervening between the solid
core and the solid crust of the earth,—in other words, that the latter
has a power of ghifting its position on the former ; if this theory be
accepted, it is quite conceivable that the portion of the earth’s crust
which now occupies the polar circle may once have lain under the
Equator and vice versa ; indeed I find in Mr. Fisher’s* book an asser-
tion of the probability of this shifting of the polar and equatorial
areas based on reasons quite different from and independent of those
T Liave given for the same conclusion.

The known facts of stratigraphical geology, more especially the
existence of regions which can be proved to have undergone com-
pression to the extent of two or more times their present dimensions,
in immediate proximity to others in which the beds have suffered
little or no compression, show that to some extent this shifting of
the crust of the earth over ifs core must take place, and almost the
ouly argument that can be produced against an extension of the same

1 Ggor. Mac. 1875, p. 531, and 1876, p. 266. I cannot help contrasting this
with my own experience inL the Ilimalayas, where the series is well esposed in
pumerous deep valleys, where there is an extensive cerics of beds extending irom even
before the Silurian to the Tertiaries, and where evidences of pre-Tertiary glacial
action met me, 1 might almost say ab every turm.

2 Physics of the Earth’s Crust, p. 184. But earlier still see ¢ On a Tossible Cause

of Climatal Changes,” by Dr. John Evans, F.R.8., }.G.8., GroL. Mag. 1866, p-
171.—Epzz. ’

completeness 0
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reasoning i
tinents,na Ix;ro;;ldhl;(iv (g‘elrl.veg from the doctrine of permanence of con-
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outh Afri 1 pecul s palzontolog ic
municatimlxcal,)zz\l:rfh u;ihcate the fon}ler existence ot?glrirch:t Il:rxlrczglchnd
by Mr. I I BI;\;I}'O['&O t\\io i:ountrxes.. This was first pointed oﬁ;
dlsmissed by Me. Wall » whose paper 18 somewhat contemptuousl
tmilanity. oF the‘ N dl ace Wxth'th(_a remark that “the notion that y
past epooh is onlypt (?(b ZCZISETWgﬁeawgel{[ separated continents at an;
Connoxion. i y xpla y the existence of a dir
varying di,sgiiﬁf&:)(;ly é)pposed to all that we know of axglz\?ii{e ligg
opposed to what is goxgukza'ej £(t)tf ililﬁ'erent pc;riods, and is uo‘iess
D C . e general perma
%on R e;&gglﬁ? z{lllleandtocemnc areas.” * Tl%is, howéxill{jlifggllliig gfmt‘he
bascd mercly on 1;& ‘l}r(? Qf t!le evidence, which is far from bei;sc;
countries. There are 'suzlfl?:nty of the productions” of the two
oo oF thaso. that ;f tlm 5 rica two distinct floras of different ages;
Tstines species . Wh_lfah eaufort beds, has a flora consisting ofbﬁv’
T o pacies, O ISL one is identical, two are closely allied te
Pota s oo amuda beds of India, and if we accept DO*,
e plauyt);mion, all belopg to Damuda genera; assc}ciateg
L e P ros an extenswe_and peculiar reptiliim fauna, of
aknown elsewhe}ie minent genus 18 Dicynodon, a genus at res7e t
Daman & Sow i¢ tbe)fcept from 'the Panchet beds which ovelr)lie t;xl
B)'achiops, e of‘el form, Micropholis Stowei, is a ncar all :
At a highér ijz)srl;:r?l ii]heSKatrlmXifl?eaS of Mangli.f H e
there is a flovs s outh Africa, in the Uitenhag i
o v f(l)(}x:lizgnls;;i::}gr(éfsiic?;stm(g ffotrlms, all gexlerict'ﬁli,og?;izt:::é
four aron] 4 ceies. 1ese, one is identical wi
in India. Os'ﬁl}:a a(%gg'm, species from the flora of the I{aj:)x:l:ttlllit‘lll (::cl)t&l,
B A }en;:e between the flora of the Rzﬁmahal broup
responding African 1: 'a most as great as in the case of the tw% c P
Rlajmaha] tﬁora whicﬁlzlig s,infozfn;rh\evl:y aT]<13 %niy fhroe Spesios In z)ﬁe;
plants. W allied to an of th
B ﬂig;a:f?ttxgn a clofe and c.:ontmuous similgrity bgt\{.r):(;ﬁl;ﬁ:
to allow of a completeC(S)B:(E;fliis {:;153“;% thrg ugh a period long enough
% enila y 8 Imost com lete generi
. ]\:‘“10);1;76‘11:: wore conclusive argumI:ent lgayelr;: 31;1;1‘%3%
I » Mo , 4, p. 509; Geor. Mac. Dec. III. Vol. T
. Vol. T. p. 225 (1384).

2 Island Life
¢ Manual of ’ﬂll) 3~98' i 2 Palweontographi -
o Greology of India, vol. i. p. 123 graphica, 1878, p. 114.
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i i ceous rocks in India and ot}.J_er
o relaho{i?i of g]o?cl?hi)‘:lmseo?lltrle)t;'n ‘India and Sopthem Ar(f{n(zg
Bt O maring deposits of Cretaceous age, with éegﬁ) o
e Dr nmr}n%l nfgrd writes in the Manual of the '?O' é;szl
which Dr 'l-. ‘?Before quitting the subject of the Tnclmll) 161) re)-r
Indin s folom -—Tt. is necessary to notice the very 1"en.1ar ;aund >
Cretaceous bed's, 11 a portion of their fauna and t.he_spec;‘eih: P
i o o eeISout}ixem Africa. In the description g o Gonde
e o md ain in the account of the Upper .ixmls o beds
o the {m ?%able affinities between Indian fossl p.azace(dly
of _CUtCh, e Ilem? r:ns found in South African beds, w«{,re (rj(,‘pmceous
animals, o b is a similar connexion bgtween t)(? t}e; cous
nOticed', ar}d ihelt‘fvo recions. In some deposits fpund }&sl;ng)ca End
/i]‘grman}()md)sno;):he coasto of Natal, out of 3{‘3 stpgcgzs ??2{' ‘“r; Iitgen{i nd
inodo ifically identified, s >
EChhmofder::lsatg)ucrgéleicrtxeihzn%122233?)?15} %eds of Southern India, the.
o being Trichi T T L
majority bemg."l l;icgégcs)ng scplzglﬁy coast or Sh.auow-watetr. Sﬁpo:l\ltgi
'l"he Souh Ahllczlti't and the great similarity of forms' cer aan g e
like those 'Of ity Hf coast-line between th'e two reglonss, and, phs
gests oo that the land connection bet“.reen ouI 1L riea
B Vl(E;W hown to have probably 9xist'ed in both t lg'ca?,ions
and India, alrea d)’s na periods, and of which lmporFant in lt ions
- Téppg:dc{)(;n tl‘lvea Magine Jurassic beds, was conttlllx;u%(%i 5312 Cre-
e s 4 i ; rising to compare ) Ore
taceous timos. Pt % Yel-y Tadi with that of the d1stapt beds o
Natal, fa‘untnl' - vsv?tuhtq:lllg uiggy differing forms ’f"olund in beds of
Natal, o0 1'enCentral Tndia and Southern Arabia. hove n wide
B ealing of ho latter he says, * Some of the species ha B ide
Speqkm_g o eno* the Cretaceous rocks of Europe, bl}lt acteristic
T aggee%sand (Cenomanian), many bemg: {:Imramust o
ifnrlglse g%piﬁe Cretaceous rocks of t]tlheUl\g:tr‘E):dgfo u\pa O%y Jnust o
. 0 X to the e
§Oﬁ§equeﬁc?s gzlorsigluys t(i)og:tsep(t)l?ft, so far asis kgotvkv‘n,a zxélyegr(;i silzlect‘ﬁ?;
Docton ] is common to both, .
Pede{;}é Iilgf;:l)ti%'ézzggzc?égteféslsu;%n a question as to which palzon-
tolo ' d. ..
tologists are o ttb 3:2“\%&13 ?E;e‘iide difference betweenl‘thedkn;):irtx;
T e (Enil beds and that of the Sputhern Ind mN :Eadda,
fau?ﬁeoii;};?arit;g between the fossill_ }~elna1nsth(;f S;};al-eaz;t adda
v 1 localities on ut
vy I}Ild tPOSB f?lt:é?ioﬁls z;‘(r:milged from both lch.ahtles arletli:la(}t
e é& ore o’t;]tzili?le(:io in each case during a short ;ésl; I;)egi\;ts aand gl
and ‘were : ) @ shor '
e Arabl?ntbzzge.c t.m.m? (:iaycg?mr?on to the two count}x;ga:i
Bogh T e Obeds of the lower Narbaddz} valley are ; uk
50 C'retace'o“s t from those of Southern India, and twice o far
750 miles dlStl%:}I localities. The markeq qont'rast‘bet;:eeomer
fl‘(m'll tfhe nlzsfairllanthe one case, and the similarity in the y
fossil fau

1 Loe, cit. p 292.

time, it would not do to attach too great importance to them in this
conuexion.
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tend to suggest tho probability that a land b

in Middle Cretaceous times between Southern India with Assam and
Arakan on the one side and the Western Narbada region with the
south coast of Arabia on the other. e have thus another argument
presented to us in favour of the Indian peninsula being portion
of an ancient land-area; and taking into consideration the marked
connexion between the faunas of the South Indian and South African
Cretaccous deposits, and the circumstance that both appear to be of
littoral origin, it is probable that this land-area extended to Africa.” !

These facts indicate that tho permanence of continents is a hobby
which some of its admirers have ridden too havd, and at any rafe
prove that it cannot be used to stific a plausible hypothesis.

Another group of facts which are in favour of the suggestion I
have made above is the observational evidence in favour of a change
of latitude in some of the principal Furopean observatories. In
the American Journal of Science for March, 1885, Professor Asaph
Hall gives, on the authority of 8. Fergola, the following table of
latitudes of the principal observatories of Europe and America :

arrier interposed

Washington 1845
0.

38° 53’ 39"-25
1863

3 ”.78 -
Paris 1825 48° 50’ 13"+ ¢
do, 1853 ... 11" 2
Milan 1811 ... 45° 27 60" 7
do. 187 cereee 59719
Rome 810 ..., 41° 53 54726
do. 1866 547-09
Naples 1820 v 40° 51’ 46”63
do. 1871 .., .. 45"41
Konigsberg 1820 ... 64° 42’ 50”71
do. 1843 ... 50756
Greenwich 1838 ... 51° 28" 38”43
do. 1845 ... 38717
do. 1856 ... 377-92

Besides this there are the Pulkow

a observations which give the
following results :-—

Pulkowa 1843

do. 1866
do. 1872

...... 59° 46’ 18"-73 + 07013

...... 18”65 + 0014

...... 18750 + 0"-014

I am aware that the most recent investigations of the Greenwich
observations by the present Astronomer-Royal have shown that there
is no proof of continuous change of latitude ; but it is surely some-
thing more than a coincidence that the change in every case is in
the same direction ; had the change been due merely to imperfect
observation or the vagaries of refraction, it would hardly have ex-
hibited these strange coincidences. There is, however, more than
one way of explaining these slight variations of latitude, and, seeing
that the observations extend over a comparatively short period of

A more important argument is to be derived from the careful

measurements of the pyramids of Gizeh which have been made by

Y Loe. eit. p. 297.



‘808  Rev. W. Downes—A Section near ‘Honiéon, Deron.

Mr. Flinders Potrie. The orientations of the sides and passages of
the great and second pyramids vary not more than 80" from each
other, but they both agree in varying rather than 5 west of north;*
it is inconceivable that this close approximation of the orientation of
the sides and passages of these pyramids should be due to accident,
nor is it conceivable that the builders would deliberately have
introduced a variation of some 5’ west of north. A far more pro-
bable explanation is that owing to a shifting of the earth’s crust on
its core, or of the axis of revolution, there has been a variation of
that amount in the direction true north since the pyramids wero built.

Such, briefly stated, are the conditions of the problem. We have
first a group of facts inexplicable, unless we grant the possibility of
a shifting of the earth’s crust on its core, or of the axis of revolution
of the earth ; secondly a group of facts inconsistent with the only
hypothesis that could be urged against the first supposition, and
thirdly a group of facts directly confirmatory of the latter.

In conclusion I must apologize for any injustice I may have—un-
intentionally — committed ; an official geologist in India has to
contend with many difficulties, not the least of which is the impossi-
bility of keeping abreast of current literature, and a want of leisure
for pursuing independent investigations. It had been my intention
to work out this problem more thoroughly during the current year;
but having been deputed to accompany an embassy to Tibet, the
opportunity is gone, and not likely to recur for some years. I am
consequently induced to put my notes on the subject together, some-
what hastily I confess, as it has been my good fortune to meet with
a number of facts which cannot be ignored in any discussion of the
problem of geological climates, many of them having either never
been published at all, or only in a form not generally accessible to
European geologists.




