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II.—Essavs oN SrecurATIVE GEOLOGY. >
1.—On Homoraxis axd CONTEMPORANEITY.

By R. D. Oubuan, AR.8.M,,
of the Geological Survey of India.

:[N any inquiry into the history of the earth as a whole, we are met

at the outset by a serious difficulty. In human affairs a general
view of history, not confined to a single country, would be practically
impossible, were wo ignorant of the relations of the various eras
from which different races reckon their dates: thus, it would be
impossible to write a connected account of the history of Turope in
the classical period were it not possible to determine the relation of
the Olympian era to that dating from the foundation of the city of
Rome. Yet the supposed case is not unlike that to which the
geologist addresses himself when he endeavours to make a connected
survey of such widely-separated regions as Burope, India, Australia,
and America.

In the supposed case of the Greck and Roman eras, there are
numerous points of contact, principally dates of battles, which,
having been recorded by both nations according to their own system,
enable us to compare the two, and so to determine what would be the
date of any event, recorded by the one, had it been recorded by the
other. But in geology we have no such points of contact; there is
a very general tendency to regard any two series of beds, in which
a few fossil forms specifically identical are found, as of contempora-
neous origin. That this view is erroneous, and that it would be
nearer the truth to say that two widely-separated beds, in which the
same forms are found, could not be of contemporaneous origin, was
long ago pointed out by Forbes and Huxley, the word homotaxis
being invented by the latter to express the relation existing. More
recently, at the Montreal meeting of the British Association, Dr.
Blanford went into the question at length, and fully showed how
erroneous is the assumption, often tacitly made, that similarity of
included organic remains indicates contemporaneity of origin of the
beds in which they are presorved.

Be it understood that I am in no way desirous of depreciating the
value of pal®ontological evidence ; but, for the purpose of what may
be called historical geology, the merely approximate contemporaneity
indicated by homotaxis, however perfect, is by no means sufficient.
What we desire is something approaching to the accuracy of dates in
written history, rather than that vague “homotaxis” indicated by the
Stone or Bronze ages, with which we have to be satisfied in what is
known as the Pre-Historic period of human history. As long as we
are dealing only with the history of a single limited region, no serious
difficulty is likely to arise; but when we try to bring the Listory of,
say, Australia and Europe, into relation with each other, a doubt may
well arise as to whether beds which would be classed as Lower Car-
boniferous if they occurred in Burope can be really considered as
of that age when measured by European standards.

. This is a question that palmontology alone can never answer
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regarded them as of Carboniferous ago, or, at the latest, representing

the interval between the Palmozoic and Mesozoic eras of Europe,

while the latter, judging only from the plant remains found with
the coal, declared it to be of Mesozoic and even of Jurassic age.

As regards the palaontological relations of these beds to each
other, and to the plant-bearing series of South Africa, the subject has
been so thoroughly treated by Dr. Blanford in his address that it
will be needless for me to enter into a repetition of the subject. I
may, however, remark that both in India and South Africa there is
a series of sédimentary formations whicl, if identity of fossils were
proof of contemporaneity, would have to be regarded as of contom-
porary and even cooval origin, and in both cases thero are at the
lower Himit of the scries beds whose structure proves that they must
have been deposited through the agency of floating-ico. In Australia
there are some beds (the Bacchus Marsh beds of Victoria) which
similarly show that there must have been ice floating in large
masses on the sea bencath which they were deposited : these beds have
yielded a limited flora composed of three species of Gangamopteris,
of which one is identical with and the other two closely allied to
Talchir species.

Thus we see that in India, in South Africa, and in Australia
there are beds whose nature indicates the existence of ice floating at
or near the sea-level, in latitudes which it does not now reach, and
that, as judged by the fossil plants contained in them and in the asso-
clated beds, they must be regarded as Lomotaxial. The conclusion
is well-nigh irresistible that they all belong to a single Glacial epoch,
and are consequently strictly contemporaneous in origin.

So far, I do not think any one will object to my conclusions ; they
have been foreshadowed by Mr. H. F. Blanford,” and as far as India
and Australia are concerned by Dr. Feistmantel,? who is by no means
disposed to underestimate the value of paleobotanical evidence, even
where opposed to every other consideration ; and so far I have been
able to accept and swinmarize Mr. Blanford’s address. But in extend-
ing the same ling of reasoning, and in trying to determine oven
approximately the true date of this Glacial period, I shall have
to enter on more disputable ground, and to refer to information
-acquired since Dr. Blanford’s address was delivered.

The first point to notice is that the Bacchus Marsh beds of
Victoria are not the only instance of Glacial boulder-beds occurring
in Australia; for in New South Wales traces of Glacial action aro
abundant in the marine beds below the Coal-measures. I am not
aware of any published record of this fact previous to my own notice
of the fact*; but, as long ago as 1861, the lithological resemblance,
as seen in a collection of specimens from New South Wales, between
the marine beds of the Wollongong district and the boulder-beds of

! Quart. Journ. Geol. Soc. Lond. vol. xsxi. p. 519,

? Proc. Geol. Surv. Ind.

¥ Proc. Geol. Surv. India, vol, xix. p. 43 (1886).
and of another in the Journ. As. Soc.
essuy.

The substance of this paper
Beng. for 1884, is incorporated in the prescut
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the Talchirs, was noticed by the late Dr. T. Oldham.! 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 Talchir boulder-bed had not been universally acknowledged, the
very idea of a Glacial epoch was still strange, and no one had yet
dreamed of a Palaozoic Glacial epoch, still less of using such a con-
ception in the correlation of distant deposits. These observations
appear to bave dropped completely out of sight, and when I found
that in Mr. W. T. Blanford’s reply to Dr. Feistmantel * no notice was
taken of this resemblance, although Mr. H. F. Blanford’s suggestion
fhat the Glacial beds of the Permian in England and the Talchirs in
India were contemporaneous is quoted, 1 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, when visiting Australia in 1885, I determined to pay

special attention to this point, and was not gurprised, on examining
the section west of Newcastle, to find that the marine beds showed
abundant traces of Glacial action. Blocks of slate, quartzite and
crystalline rocks, for the most part subangular, are found scattered
through a matrix of fine sand or shale, which contain delicate
TFenestellz 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
curvent 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 four feet across in every -
direction as exposed in the cutting, and of unknown size in the third
dimension ; and I was informed by Mr. Wilkinson that in these same
beds hLe has seen boulders of slate, etc., whose dimensions may be
measured in yards. _

1t is impossible to account for these features except by the action
of ice floating in large masses,’ and I had the good fortune to dis-
cover, during the course of a short morning’s walk, 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
Mountains. Though these bave not been traced into connection with
the marine beds west of Newcastle, the similarity of their position,

*1 Mem. Geol. Surv. Ind. vol. iii. p. 209 (1863).

2 Rec. G. S. L. vol. xi. p. 148 (1878).

3 Roughly speaking, it may be said to take 26 cubic feet of fresh-water ice floating
in sea-water to floab @ cubic foot of granite, or 14 cubic yards to float one ton. 1t
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 supposeﬁ to be immersed.
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gmignoaf, tf;lnd ghyswnl aspect, all leave little room for doubt that they
ook Le 3 m]fa age. Beds of sm:xlar aspect have been described by
an(i in'dic.atil:)(zr\,ﬂm Q}xeensland.. 1‘hese_ beds—also of marine origin,
ind indl ogil g the 1)1e..§eng(‘3) of ice ﬂoa‘tmg‘ in the sea by which they
pere d Ef Cl("l ci)ntam 22 sl.)emes'ot fossils, so far as the fauna is
snown. of which 15 are also found in the marine beds of New South

;L&es,limd only seven have not been found to the south.
of wshitcl(j i?]s'e ftanlds, there are in A}lstralia two sets of Dbeds, both
e hich 5 icate the presence of floating-ice in the water in which
sho)\,vn oo ¢ ?1)(;§1te(1.. One of these, the Bacchus Marsh group, is
of Indlia ..Yﬂl s p} .m-t fossils to be homotaxial with the Talchir group
o (qs, t 1€;:t ;ei)lxzxs‘ylel(le(l amarine fauna of Lower Carboniferous
llowe;ér ‘(]Ig(‘bc( X yILuropezm .standzu‘ds,‘ and a limited flora which,
Aoy b;d&cs not show any direct relation to that of the Bacchus
M-fr S:nb(r:gt mysre of any published attempt to correlate the Bacchus
Féigtanntesl \;'rll 11§,Sgeﬁmte h'ctmzon1 in New South Wales before Dr.
stme gave 1t as his opinion that X
equivalents of the Hawkesbury Sandsto};es. n'l‘ﬁit;t otl’;iex‘myio:xvelseo g::
as I can glean from his published writings, was basel}d on,the 80
called Lower Mesozoic facies of the Bacohus Marsh flora, and wa;
supposed  to be confirmed by Mr. C. 8. Wilkinson’s dis’cover of
glacu}l action in the Hawkesbury Sandstones. Mr. Wilkinson Zhus
descirxbes this evidence*—“In the sections exposed in the quarries
at Iort Macquarrie, Woolloomooloo, Flagstaff Hill and otherl laces, -
may be seen angular.boulders of shale ® of all sizes up to 20 geet in
dxamete.r, imbedded }n the sandstone in a most confused manner,
S(t)lrlne of ﬂ‘lf}ln standing on end as regards their stratification an(i
;)hafr(Ls u}clmgd.at ?,Il angles. They contain the same fossil I;lants
I)een((§21~i3\;3 1& the beds of shale from which they have evidently
heen derivod. 1ese angular boulders ocour nearly always imme-
12{){3 y above the shale-beds, and are mixed with very rounded
ﬁe l]'les of quartz; they are sometimes slightly curved as though
ble]y ad been bent while in a semiplastic condition, and the shale-
e(Is occasionally terminate abruptly as though broken off.”
o t xtsbdlfﬁcult, if not impossible, to account for these appearances
?Cellf y the action of ice in some form or other; the angular foru;
ﬁ the fragments of shale shows that in some manner t1t’hey must
ave been indurated before disturbance, and it is impossible to
account for this induration of what must then have been recentl
deposited mud except by the freezing of the interstitial water Thi)sl
supposition would accord with the general nature of the e\;idence
which 1nd1ca§es the action of ground-ice, such as is formed durinn:
i‘,h(‘a severe winters of North America, rather than the presence o?'
arge masses of floating-ice ; and hence does not necessarily indicate
50 severe a climate as that afforded by the Bacchus Marsh beds of

1 .
. ;\IEGIL)?” on the Bowen River Coal-field, by R. L. Jack, Esq., F.G.8., Brisbaue, 1879
R obes on the oceurrence of a remarkable boulder in the Hv,\\'kcsbtﬁ' y R k 1 ans.
osy. Soe. N, 8, W, xiii. 105 (18%4). ' yocks, frns.
Which is interbedded with the sandstones.
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beds can be referred.

TII.—Essays oN SPECULATIVE ((EOLOGY.
2.—ProBasLE CHANGES OF LATITUDE.
By R. D. OLpnan, A.R.8.M. ete.
Part I.—Gracian Prriops 1¥ Low LATITUDES.
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In Kashmir Mr. Lydekker has described ! a group of beds com-
posed of a finc-grained airix, 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 represent the Punjal Conglomerates
of Iashmir, 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 bas 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 Bawars, 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 ; but 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 constant
in their characters to render it probable that they ave of other than
warine origin. There 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 Biwars 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 Nummulitics.?

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 Surve

* First described b
vol. iii. pt. 2, p. 30.

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

y of India, vol. xxii. p. 247.
y Mr. II. B. Medlicott, Memoirs Geolegical Survey of India,



