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- The Hawkesbury Sandstone.
By the Rev. J. E. TexisoN-Woons, F.G.8., F.L.S,, &c., &e.

[Read before the Royal Society of N.S. W., 10 May, 1882.]

Tae Hawkesbury sandstone is that peculiar formation which
constitutes much of the Blue Mountains west of Sydney, and which
15 also 8o conspicuous in Sydney Harbour, at the heads and on the
banks of the Hawkesbury River. Its name was given by the late
Rev. W. B. Clarke, who thus describes it :—

“ Hawkesbury Rocks.—Over the uppermost workable coal
measures, which are of considerable thickness, is deposited a series
of beds of sandstone, shale, and conglomerate, oftentimes con-
eretionary in structure and very thick bedded, varying in com-
position, with occasional false bedding deeply excavated, and so
fﬂn_mng deep ravines with lofty escarpments, to the upper part of
Which series T have given the name of Hawkesbury rocks, owing
to their great development along the course of the river basin of
that name. These beds are not less than from 800 to 1,000 feet
ln.thlckjlegg, containing patches of shale, occasionally with fishes,
vith fragments of fronds and stems of ferns, a few pebbles of por-
Phyry, granite, mica, and other quartziferous slates, and assumein

face outline the appearance of granite, from the materials of
ghlf’h: and associated old deposits, they must in part have been
Ge""&i- _ On the summit of the Blue Mountains and along the

rose River the thickness of the series is very much greater than
tear the sea. Patches of very small area contain bits of coal,
%’fbonate of iron, and sometimes represent miniature coal measures.
feﬂwards the base bands of purple shales are frequent, and ferri-

"0US veins with specular iron, hematite, ilmenite, graphite, and
Roce;, minerals sometimes occur. In places, as about the ‘Yellow
the d near the upper Wollombi River, in Ben Bullen, and above

® deep excavation of the Capertee amphitheatre, salt and alum
S %ﬁd in cavities formed by decomposition ; and in other places,
on th, undz!,nmn Creek in the Shoalhaven District, at Appin, and

o® Bulli escarpment of the Illawarra, and at Pittwater north
ydney, stalactites have been formed under similar circum-
Garbon; There is an enormous mass of brown iron ore, highly
Bﬁab;u]fed’ partly worked, at Fitzroy, near Nattal; another on
north e Water, and a smaller patch on the coast, a few miles
th of Sydney, and other similar patches in intermediate localt
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well formed crystals. The uppermost beds of this formation
especially where they become conglomerates, exhibit isolated sun-

mits, imitating ruined castles, and have thus been “traced by me

at intervals all along the escarpments to the westward of Sydney,
from the latitude of the Clyde River to that of the Talbragat, s
in certain localities within the longitude of that line and the coast
In the deep ravines of the Grose and Dargan’s Creek, the om
eastward, and the other westward of the Darling Causeway
versed by the Western Railway line, the slopes are studded W}“‘
fantastic pillars sculptured by denudation and decay into mitatie
architectural forms. Similar forms cap the extension of ﬂlﬁ??‘?‘
range to the head of the Goulburn River. The tints are poikilit
darkening from exposure and exhibiting imitations of landscsp?i
sometimes of striking charater. The semi-crystalline fragments
quartzand the disposal of colours (suggesting the idea of the W‘ﬁ
of gases removing the ferruginous tint in places) have caused me
believe that some transmuting agency has affected large ares
the Hawkesbury rocks. The glistening of the crystalline quite
particles reminds one of the same character obscrvable i
millstone grit in England. It is impossible to undeystand .
considerable masses of the sandstones could have received sic %
present structure without the metamorphism suggested, for
crystalline faces are quite unabraded and belong to Pq,mcles :
have been collected originaily by water holding silica in St
B}’-Washing in acids the colouring matter of the pq-l‘tldes may
entirely removed, and then it is seen that they are 1“}Perfect'w&
tals. But the cementing matter is not always ferruginous .E tly
pathic cement holds them together with used mica, €% "
derivative, and sometimes with granite. Another variation mI wis
acter of the Hawkeshury rocks is their cohesion. In 1850 culty
Chairman of the Artesian Well Board, and remember the diffi e
we had in procuring tools hard enough to pierce the qua.rtzweth w8
stone at the gaol in Sydney. The boring after a small dep! on b
abandoned, one of the workmen precipitating the conclus!
blocking the borehole. But in parts of the railway B2% G,
have been instances, as stated to me by the Engineeran- - 'ped
the largest blocks have been shivered to atoms by a not verti edity
over an embankment.”—gSedimen. Form, N.5.W- ;

Pp- 70 et seq. .
#bfﬁmﬁﬂge extent of this formation about %Ydﬁy e

g cording to the geological map of New Soutl an
piled by Mr. Wilkinsongegng;: Mr. (PJlarke’s notes, it for
oblong mass about 140 miles long, with a width of 0% -3 5
miles. 'With the exception of a north-western spub el

the whole arth

Narrow range extending 50 miles from the mass, " west
seems o be between two degrees of latitude. A line 750y g

ward from Newcastle on the north, and another

how

conside”
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Shoalhaven on the south, includes nearly the whole of its north and
south extension. A similar line north and south between Sofala and
Goulburn would be outside all its western boundaries, with one
small exception near Sofala. These boundaries and the actual
extent and thickness of the formation, can only be considered as
approximate until an actual survey can be made. The geological
map of the Rev. W. B. Clarke is only a sketch, in which in the
course of time great modifications will have to be made. Thus,
for instance, the same formation is found at Dubbo and along many
places on the western plains, often of large extent, which are not
indicated on the map. The Dubbo sandstone quarries have many
Plﬂ-ﬂ_t remains, in which large and beautiful specimens of Thinn-
ﬁkfm odontopteroides appear not to be scarce. There are also faint
impressions of a leaf like Glossopteris with mid-rib and oblique
venation too faint for determination.

Geological position.—In the whole of the area thus described
the formation lies horizontally upon rocks of different age. Some-
times it is upon the coal measures, or again upon Devoman or
Silurian rocks. It is overlaid in many places by the Wiana-
matta beds, and by basaltie, or at any rate volcanic products. But
In 1o place is there any sign of upheaval. There are, however, at
the first Zigzag very many signs of a downeast or fault. There the
b‘*d*? are for a very short distance highly inclined against the range,

ving the appearance of an immense landslip from the failure or
subsidence of the ground. The rock which is inclined appears 0

bent down from the main mass, which is quite horizontal.

I‘°°king at the appearance which the area of this formation
Presents upon the map, one is struck by the great difference there
- between its outline and that of any other. The granite lies
In generally meridional lines. The Silurian and Devonian forms
nearly the whole substratum of the eastern portion of the con-
nent. The voleanic is abrupt and irregular, just as we should
nfer from its paroxysmal origin. The shape of the Haw_;v]_{esblll'f
sandstone formation may give a clue to its peculiar origin, and
Lshall refer to it again.

Stratification.—There is only one point in the description of the
he V. W. B. Clarke which requires amendment, and that is where
e speaks of the false bedding as being only occasional. On the
ofn:]rlary, false bedding is almost universal—it is the characterista
; e formation in nearly every portion. There are two distinct
Orms of stratification. One which makes the main lines of sub-
in;mon' _These are undulating lines which seem to divide the stone
cith massive layers of ever-varying thickness. These divisions are
ma.agr mere partings or full of a very irregularly or finely si.iratlﬁed
dugt. Which looks very fissile, and composed of fine grains hk;’

The layers are also separated occasionally by red bands o
ne, of which move subsequently.
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Between these then are finer lines of stratification which am
mostly inclined to the horizon. They are irregular in thicknes
and in dip: sometimes composed of coarse sand and sometimes d
the very finest dust. They are occasionally interrupted by bels -
of small pebbles, always abraded and often rounded, but through
the whole mass of the sandstone of the Blue Mountains the stom
is exceedingly fine-grained, and there are rarely any pebbles large
than a pea except in the very lowest conglomerates. ~None of thes
finer strata extend from one great subdivision into another. The
irregularity of the dip of the false bedding is surprising. In a few
feet the dip will vary in almost every direction and angle, though
rarely at a greater one than 25 degrees. I have noticed also
that often when the angle is small the sand is rather coarst
Sometimes a series of strata with a high angle will be cut
above by another series dipping on an exactly opposite direchiot
This gives rise to a herring-bone appearance which is often ™
peated three or four times in the same greater layer. In "
prevent confusion by the frequent use of the word strata, I”M
call the greater divisions of the horizontal sandstone “layers and
the smaller stratification “lamin.” Between the layers there®
often a shale or slate deposit, the lamina of which are thin, borr
zontal, and rather difficult to trace. : he

The ferruginous bands do not always follow the lines of
layers or the lamina—they frequently descend irregularly
the stone in undulating lines or circles, in fact, n ost 07
shape. They are in this case no more than stains, seldom Wﬂwd
stripes or bands of ironstone. By ironstone, 1 mean & € s
hard rock of brown colour, probably the limonite of the
gists, and containing silicate and hydrated ferric oxide ; sk
chemical peculiarities of these stains and bands 1 the
subsequently,. When examined by the aid of the ml%
Ironstone is seen to be a mass of grains of sand cement® - 4, i
by a limonite paste, so that the actual amount of ferre hich 1
small. But there are also broad bands of red stone I ¥ uppet
grams of sand can be detected. There is one exposed.lﬂ thﬂpl%
cuttings of the second Zigzag. It is about 3 feet thick I EC g
but very rregular and undulating, with sandstone P“W@md
bed of shale, which I make no doubt it has been. The desE™e o
the vegetable remains has been effected in oxydiZing i
malts, as I shall explain hereafter. " oference I

Fossils,—In the extract from Mr. Clarke’s paper ™5 gk
been made to the plant impressions in this fﬂrm“tlon'ﬁ $phe
they are mostly confined to the stems and roots of plat of

G 4 . rtion ¢
nopterss alata, Brogn., has been identified, but the P
fm:matlen whence derived is not stated. Zhinaf ol aimﬂ'ﬂ
roides has been found near Mount Victoria. There i of Wi
lenticular masses of coal, or rather jet, in some poriiihs
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a coniferous structure could be made out—at least in some speci-
mens from Double Bay which I examined. In the same sandstone
fossil fishes have been found, ranging from 16 feet below the
sea (at Biloela) to over 3,400 feet on the Blue Mountains. Twe
species have been determined, Cleithrolepis granulatus, Egert., and
Myriolepis Clarkei, Egert. The former is not heterocercal ; the
latter is not fully determined.

At the base of the Hawkesbury sandstone there are thick beds
of ironstone, often intermingled with what seems like a green sili-
cate of iron. The whole formation lies conformably upon the coal
measures.* The passage from one to another is almost imper-
ceptible—it is difficult to draw any well-defined line. The false
bedding disappears as well as the layers, and soon a very hard and
coarse conglomerate succeeds, with beds of shale and impure coal.

Escarpments.—A. peculiarity of the Hawkesbury sandstone is its
precipitous character. Wherever it is met it is always cut intoabrupt
escarpments and presents precipitous faces ; even where outliers are
S¢en on the summits of hills they have the same character, and,
When the formation abuts on the coast, cliffs and gorges such as are
Seen in Port Jackson are present. Mount Pigeon House, so
hamed by Cook from the resemblance of the summit of this moun-

to a dove-cote, is a case in point. The cliffs at Jervis Bay,
helongiﬂg to the same formation, are much like those at Sydney
He?d& Rocks very like the Hawkesbury sandstone are found in
Yarous places on the eastern side of Australia and in the interior.
They are largely developed in the neighbourhood of the Endeavour
ver, and northwards in Northern Queensland. They also lie on

& coal formation, but not conformably ; but they are quite similar in
ter. They have undulating layers and laminz of false bedding.

¢y have also beds of ironstone, and are cut into prec‘ipltous
:°%, as in Sydney. A mountain called O’Connor’s Nob is very
Similar to Mount Pigeon House ; Mount Mulligan is a detached
fountain of inclined paleozoic rocks, perfectly crowned with pre-
“IPlees of horizontal layers exactly like the Hawkesbury sandstone.

Main Range, Queensland.— Along the main range, between Bris-
Ha and Toowoomba, numerous precipitous cliffs precisely like the

Wkesbury rocks are to be found. In some places they seem newer

the rocks of New South Wales, but in others there is no differ-

eﬁ? ! appearance, Many of the cuttings and tunnels are just
sy those of the Blue Mountains. At the Little Liverpool Range,
3gan at Murphy’s Creek, the formation is the same, and,
th““ﬂgh less picturesque than the Blue Mountains, is evidently of
hows me character. The undulating layers are on the whole
tal. The highest parts of the main range west of Brisbane

. -
i"’;l::l?g EO%BI“B MO:ntaina the sandstone is mot comstantly con-
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are built up by the overflow of lava on the summits of this sand-
stone, and there has been no upheaval. The beds have occasionl
fragments of wood converted into jet, in which the coniferos
character can plainly be traced.

To the west of the main range in Queensland a similar fo-
mation is frequently seen—this is Mr. Daintree’s desert sand
stone.  After an attentive examination of its structure, I cannot
say that I could perceive any marked difference in external aspect
It looks perhaps a little less altered, but I had no (}I?thll'hlﬂltb"’i
comparing both microscopically. The desert sandstone was nevet
seen by me in so compact a state that it would bear grinding dovt
into thin films for the microscope. But this is rarely the cas
with the Hawkesbury sandstone. Daintree’s desert sandstones res
directly upon the cretaceous rocks, and they are therefore probably
tertiary. Itis a formation which is very extensively spread. It has
layers and lamine of exactly the same character as the Ha“fkeﬁ‘
bury rock, with bands of ironstone, fossil wood, plant impressions
and conglomerates of small pebbles. The two formations Pmb“bly
differ widely in age, but no one can doubt that they have -
accumulated under precisely similar conditions. The outhers &
patches of desert sandstone avescattered all over the westerninterio
and wherever found the formation is horizontal, and the %
always presents precipitous and unequally weathered BE-G?}I'I”:'“}]l

Composition of the Sandstone.—Before entering 1nt0 any
speculations as to the origin of this formation, I may mentith
that I never could succeed in getting a film of any of thes?
rocks thin enough for the microscope. The rock is %00 lwﬁ;
and friable. But in trying experiments I arrived at what
think is a good idea of the siructure. In some ﬁ"-"gmentsme
stone from Manly Beach (the outside beack rocks), and & of
others from Mount Victoria, I found that th: stone const by 8
very small rounded grains of sand cemenwd together ¥
siliceous infiltration, in which the facets of small crystals of g
were traceable. The sand was not all siliceous. Thﬂfgl:ﬁr
fine particles of opaque white, yellow, or brown felspar, a% mainéd
scales of mica. When powdered, the round grains generally I¢ o
Intact, while the glassy, transparent, and jagged fragments I t%oﬁw
be the hydrated silica’ or hyalite which formed the cement "
the polariscope it always showed beautiful colours. I'fi Jass
the quartz grains were dimmed on the surface, like grous 8
. infer from this partial examination of the stone, that :j:tn.gd's
stone in the localities from whence my specimens were P or b
derived from the decomposition of a granitoid rock. W:nd the
subsequently dissolved a portion of the ingredients
hydrated silica has acted as a cement between the melelﬁl-m

o trying to account for this widespread sa.ndstone:cl usiﬁ
erent in age the deposits may be, we may at least cO%
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they all arose under the same conditions and have the same causes.
Mr. Clarke has already pointed out that they are not marine ;
they contain too many plant remains for that to be the case. The
same illustrious geologist has, like Mr. Daintree, suggested that
they might be fresh-water, the remains of some immense fresh-
water lake. This I think is also quite untenable. Lacustrine forma-
tions are not at all of this character. The beds are horizontal,
marly or calcareous, and false bedding is rare; besides, we should
expect to meet fresh-water shells, which we do not. This is the
case with the Wianamatta beds, which may well have been fresh-
water, Mr. Daintree has suggested that the whole interior of
Australia may have been, in tertiary times, a vast fresh-water lake.
But the formation is found on both sides of the dividing range.
Besides, we must repeat again that the formation is not like a
!ﬂ-custrine one. Mr. Chas. Darwin, in a passage in the Natural-
ist's Voyage,” which I shall give subsequently, says that the rocks
were formed in a sea with irregular floor, and were drifted into
high banks round submarine rocks. But again we answer that
10 marine organism has ever been found in the stone, while plants
have been. Messrs. Feistmantel and C. S. Wilkinson have sug-
gested ice action in shallow seas to account for the boulders and
eonglomerates. But several other characters of ice action are
Wwanting, and in face of the marine difficulty, if another explana-
tion of the boulders can be found, the ice theory will find little
support, especially as the formations extend nearly to the equator
and India. :
Absence of wpheaval.—One fact seems to be lost sight of in all
these theories, and that is that there has been no upheaval. The
eds are horizontal in nearly every case, and there has been very
little alteration of level since they were deposited. This is true
wherever the formation is found: it is a most significant facv
connected with our eastern mountain range. The highest portions
are recent volcanic, granitie, or horizontal sandstones, which have
hot been upheaved from the sea. There has been evident depres-
Sion about such places as Sydney Harbour, but 1o elevation
anywhere,
¢ Wifk Bay sand dunes.—1In looking for examples of this forma
Hon in the Colony of Queensland I have seen oné ot two phe-
lomena which may furnish a clue to the history of these rocks.
At a place called Double Island Point, about 100 miles north of
pe Moreton, there is a formation of sand which forms cliffs
for some 3 or 4 miles on the south side of Wide Bay. The
Southern boundary of the bay is formed by two somewhat conical
separated by a long interval of low land from a low range of
voleanic rock forming Double Island Point. This is covered with
Sreen vegetation and light timber. From the west end of the
Pont the sand cliffs ascend. They are densely covered with a



60 THE HAWKESBURY SANDSTONE.

light brush (Melaleuca genistifolia ?). The cliffs of sand are quite
precipitous on the seaward side, and are from 100 to 200 feet
high. On a close examination the cliffs present exactly the
appearance of the Hawkesbury sandstone except in colour, and
they are not consolidated. There are the same undulating “Jayers”
of varying thickness, forming thick sinuous marks upon the cliff
which can be seen at a great distance. The layers are entirely
constructed of laminz of sand with false bedding, which dips a
every angle not outside 30°. The layers are of different colour,
and they seem to preserve this colour throughout, giving the cliffs
a curious ribbon-like structure. Some are white, others yellow,
and some ochreous red. The formation is entirely one of blown
sand. On the surface, where tea-tree brush does not grow, the
sand forms the usual shifting dunes of rounded outline and
height. In places there are sand-slips on some' of the dunes whf.m
the false bedding becomes revealed. The undulating lines which
separate the various layers are found to consist of decaying veg®
table matter, or rich loamy earth with roots, leaves, and lan
shells intermingled. They represent the former surface of the
drifting sand, where its shifting has been stayed by the growth "
a dense brush. Thus it has remained stationary for years, until 8
change of wind or perhaps a bush fire has brought the sand on
the surface again and overwhelmed it. In part of the brush there
are swamps of water, at least so I was informed, but I had n
time to examine them.

Burdekin River.—Before T point out the application of such
formations to explain the Hawkesbury sandstone, it 18 better
perhaps.t,o give one or two more illustrations. In crossing ¥
Burdekin River in 1879, at a place close beside the present m'lf
way, .I noticed a hill of loose drift-sand, not far from the bed o
the river. It would not have attracted my attention had 1t
been for the large quantities of loose sandy soil that I found o®
many parts of the banks of the Burdekin. There was 1o dol
that this hill was composed of blown sand and dust ﬁomt:i:
river, which is of a very sandy bottom, and so I sup i+4]e
all the other sand was derived in the same manner. My li I
sandhill remained unexamined then, but two years a_ft,erwafdﬂcut
came by the same spot and found that it had been largely
away for the purposes of ballast, exposing a beautiful %
The appearances were precisely those of the Hawkesbury F,
stone, but on a smaller scale. There were the layers % had
lamins, with false bedding. From the way in which the hill o

“en cut down I was able to see more of the structure than 1 ab
hills at Double Island Point. The lamine not only ‘."prm
every angle from horizontal to about 23°, but also 10 ewi
direction according to the wind. Another very interesti?8
mmportant fact met me here. There were large flat of :
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pebbles in horizontal lines in this hill, generally near the layers.
When I say large, I mean large considering the wind origin of the
hil. None were over 2 inches square or thicker than § an
inch, at least none that I saw, but they were numerous. The
edges were rounded but this may have been because they came
from the river-bed. Again, the lamine were of various degrees
of coarseness, some being very fine and others quite a coarse sand,
just as if it had been sifted. I was able to account for this by
what I witnessed. The wind was blowing in gusts from the east,
as it usually does in the October mornings about 11 or 12 in
the day. I noticed that where a strong gust came it carried all
before it, even removing some of the small stones; but when the
breeze was gentle only the fine sand would be removed, leaving a
layer of coarser particles, So that in reality the coarse sand
represented the sifting effect of light breezes rather than the
heavier winds. I noticed here how the wind formed the laminze.
Strong breezes caused a steep dip in the deposition, and the length
of the laminwe depended upon them, so that these lamin rise
and fall according to the velocity of the breeze somewhat in the
manner of a wind-sail used for pumps. Other facts brought to
light by this small eolian sand-hill I shall refer to by-and-by. 1
fully ascertained before leaving the spot that the hill had been
fﬂrmfﬁd by the wind, and not by the overflow of the river. In
f?-ctlt was a moving sandhill, and had shifted its position con-
Siderably in the interval of short visits, during which there had
¢en 1o flood in the river. Beds of river-borne sand have quite a
different structure. It must be remarked that the bed of the
B‘}fdekin hereabouts is a flat channel about half a mile wide. In
18 there are two or three narrow and deep streams of water
40 or 50 yards wide. The rest of the bed is dry for the greater
Part of the year, and covered with rocks and loose drifting sand.
ig"&"t many low eolian sand-hills consequently accumulate on

Pliocene aerial sands on the 8. Coast.—Another instance can
oy Se€n on the south coast of Australia. It has been described in
¢ “ Geological Observations in South Australia,” from localities

Where it is well exposed, that is at Cape Grant, near Portland, in
ictoria, and at Gruichen Bay, in South Australia. But it also
in patches all along the south coast, from Port Phillip to

uth of the river Murray, and always in connection Wwith
¥0d dunes. Tt was thus described in the work referred to.
d the coast a rock of dark brown colour is found to occur in

Sen e of a rough and compact character; at times it forms
ad cliffs of considerable height, and there it is seen to the best
d.mv? ge. At a distance one would imagine the rock to be
ed into large strata 14 or 16 feet thick ; on a closer inspec:

Snother kind of stratification is discernible, In addition to

thB mo
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the great divisions, which are so distinct that one would almost
suppose that they were huge slabs of rock laid upon one another,
the strata themselves are entirely made up of false bedding. This
is a lamination which divides the beds into strata about 2
inches thick or even less. The lamine are never horizontal, and
never continuous across the great layers. The material of the
rock appears like a sandstone, but under the microscope is seen
consist of fragments of shells and shore debris, with grains of fine
siliceous sand and sponge spicule intermingled. There are 10
fossils, or at least they are rare. Professor R. Tate, who first
asserted the formation to be eolian, found small shells in porﬁﬂll&
and these were land shells—not marine, and of the kind now
existing on the coast. When I first saw this deposit I imagined
it to have been derived from marine currents; but a better
knowledge of the floor of the ocean shows us that marine currents
do not leave such stratification. Besides the land shells, and the
fact that the strata show no signs of upheaval, I found in sub-
sequent years, by various sections on the coast, that this deposit s
only an indurated portion of the sand dunes with which it
alyvays associated. It is an aerial rock, and is stratified by the
wind alone. The only difference between this rock and the
Hawkesbury sandstone is, that it contains a large quantity
lime, with brown coal occasionally. o
Bermuda sandstones.—In the islands of Bermuda a similar
formation is met with. Although generally very low, somé Paﬁ
of these islands rise to 250 feet above the sealevel, consistitg A
various kinds of limestone rock, sometimes soft and friable bu
very often hard and even crystalline. It consists of beds V!
sometimes dip as much as 30°, and exhibit great contortions
besides, with much false bedding. It has been put ey "fik:
doubt, by a long continued series of observations, that the
are all due to the wind, which blows up the sand from the heav
and which itself is derived from coral and shells, The rail
solves portions of the lime and consolidates it. In this lime
at Bermuda, as well as in the calcareous rocks of the sou i
of Augtralia, we have those singular stalagmitic cs:mcrta'c-lons’F":Mtll
look like roots. In Bermuda the aerial rock contains & of
some 2 feet thick under coral rock, and resting on 2 bed 50
caleareous sandstone, probably due to the decomposition of
minute organism.* illus-
derial origin of Hawkesbury rocks.—We see from these .
trations what are the characters of aerial or wind-blows ™%
They are destitute of fossils, except land-shells or plant I hed by
They are not upheaved. They are most of all distinguld

g — : to the
* Jones’ Quide to Bermuda. More likely the red earth 13 dn;ofm‘ﬂ’

flf:ﬂ a?xlffoafet,ion of vegetation which grew when this lower part Wa3
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large irregular undulating layers, which are also subdivided by
lamine with every kind of dip and direction, rarely exceeding 23",
Now I am prepared to maintain that this structure only belongs
to eolian rocks, and is never found in any other. The non-
upheaval of the beds I take to be conclusive, without any other
argument, yet still there are other facts quite as significant. We
know of no marine formation which does not leave some marine
fossils ; that is to say, no matter how sandy the coast, or what
the nature of the rock, marine remains are always found in the
deposits. In all the records of deep-sea soundings, such a thing as
an azoic formation has never been found. Even the very deepest
sea had foraminifera, and it need scarcely be repeated that
here there can be no question of a deep sea (of 2,000 or 3,000
fathoms for instance), as there has been no upheaval. The same
objections lie against a river or estuarine deposit; the bedding
i8 of a different character. The rocks in such cases are clayey
ad sandy, with frequent changes of mineral character, and
last of all show alternations of marine, brackish, and fresh-water
remains, with deposits of fine alluvial mud. And I might here
point out the difficulties of an estuarine formation to account for
& deposit which is found all over Australia. Where did the
estuaries or rivers lead to or come from under such circumstances?
L?°k again at the area of the formation upon the Blue Moun-
tins,. What kind of an estuary or river deposit would that be?
y, the Amazon or La Plata sink into insignificance beside it.
lly, take the known lacustrine formation, such as those of
uvergne, or what is better still, examine the sections exposed of
any of the fresh-water lakes and swamps of the interior. This T
ve done in both places. I remember well the appearances pre-
senited by the lacustrine formations of Auvergne, and I have noted
évery section of the kind that I have seen in Australia. The
“Ppearances are totally different ; impure limestone, with fresh-
Water fossils, beds of mud, all in fine horizontal strata. If by any
tiance a stream fed the lake, there is cross stratification, but
QUte of a different character. It is uniform in direction, and

®nfined to a narrow area ; it is the exception, not the rule.
hﬂ?tfcter of eolian sand.—But we may go further than this.
the grains of sand themselves will give us some information as to
It origin, The experiments of Daubrée and Phillips have
own, T think, very conclusively that water-borne sand breaks
it T a certain distance into a certain fineness, and after this
2€s not break any more, while the small fragments always
E’; their angul.a,r character. Mons. Daubrée enclosed angular
Whel ents of granite in a steel cylinder with water, and caused the
minu?;etﬂ rotate at the rate of a progress of about 60 yards a
SBiie's After the fragments had traversed a distance equal to
20 miles the result was a formation in the tube of gravel,
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loam, and sand. The latter was never in larger grains thana
quarter of a millimétre in diameter, but always in angular frg
ments. The felspar had disappeared, the sand was consequently
entirely quartzose with a few scales of mica.

Messrs. Sorby and Phillips have both made sand particles the
subject of special study. The latter has found that wind-blown
sands have the grains nearly all rounded, especially if they hav
been exposed to the action of the wind for any time. The sands
of the Egyptian deserts are all rounded. On the other hand, Mz
Phillips has found that fine sands taken from the beds of streams
are always angular, and this even where there is good
that they have been borne great distances by the water. i
explanation of this fact seems easy to find. In the air there s
nothing to prevent the friction of the particles on one another, and
in water there is scarcely any impact or friction ab al].. At
the end of this paper will be found all the observations which I
have been able to make on this subject. As a rule I can ﬂﬂﬂﬁm
the conclusions of Mr. Phillips. I have microscopically examinel
all sands from all the rivers and creeks I have come across.
smaller particles are never entirely rounded unless the fragments
are derived from a sandstone which was itself composed d
roun@ed particles. On the other hand, some wind-blown sand,
especially that composing sand dunes, is altogether abraded. ThS
is well seen in the sand which forms the dunes at Moore P“:’t
Waverley, and Bondi. Some yellow sand from the inner beﬂ“h
Manly, which is no doubt derived from the sandstone cliffs nea
1s nearly all composed of abraded particles, but there are 27
siliceous particles occasionally which I shall subsequently e%

It will be remarked that I have said some wind-blowd s
are abraded, because the grains composing the hillock The
referred to on the Burdekin River were not at all abraded: had
particles with very few exceptions were quite angular- Thi{inof
been brought from the river-bed at no great distance, and b g
been much blown about. I think it is only in the case of -
blown sand, long exposed in loose drifting masses, that wm
expect to find all the particles abraded. Then again, mc?s’amﬁ
posed of fine aerial dust, as some of the Hawkesbury sl tifi
1;:::3 been, will show little of their origin except in their st

ion.

: the
Nature of the sand.—Now, in applying these 1:'1'i151‘3191es -
Hawkesbury sandstone we find we aII)'I; itogped by a dlﬂicul:zc:h;
the age of the sandstones would lead us to expect. The Referen®
been completely altered by internal metamorphism. 2005 08
1s made by Mr. Clarke to this, and to the crystallin® == o
portions of the rock. Any one passing across the Blue M"::hin
cannot fail to have noticed the sparkling of the sand-":&‘:eh dua i

the outtings. A close examination will show that
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minute quartz crystals whose facets stud the surface of the stone.
The ferruginous stains on the rock and the bands of ironstone
will also show that another kind of metamorphism has been going
on. Water percolating through the stone has affected the felspar
grains which largely entered into the composition of these sands,
the iron they contained has been converted into the reddish-brown
peroxide which forms the ferruginous bands and stains. Much of
t!!e.} excess of silica has crystallized in minute crystals, or formed a
siliceous cement around other grains and made the rock harder
and more compact. Thus, in some portions of the stone which I
examined, partly rounded grains could be seen with minute crys-
tals upon them, while other fragments could be seen to consist of
W0 or three grains cemented together by a siliceous cement. I
Was never able to obtain a portion of this sandstone sufficiently
to bear grinding down into a section for the microscope. Un

the other hand, the rock, even in the softest or most friable por-
tions, can never be broken up so as to separate the constituent
grms.  But after having examined a very large number of speci-
mens of stone from this formation taken from widely separated
localities, T am of opinion that it has originally been formed of
abraded grains of sand, or of fine dust, such as we might expect
M an aerial deposit. In some cases the sands derived from the
Wweathering of the rock bear this out, as, for instance, the marine
Sands about the Heads, which have clearly been derived from the
@wkesbury rocks. Let it be remarked that abrasion in this
ﬁe tammot be from marine action, as the sands collected by me
0 zltfler Places, and derived from such rocks as granite, were not
acti abraded, though they had evidently been long exposed to the
on of the surf. Sands derived from the weathering of the same
m":llla]:mn in other places, such as Mount Victoria, Lapstone Hill,
g second Zigzag, were not all abraded ; but the grains were
coarse, with large crystals of quartzin the midst; in fact some
E:::s Were more or less altered and partly crystalline, but there
evidences of the original constituents in many rounded grains.
wmﬁg seen under polarized light some of the larger fragments
effect, Emamffist their compound character, and by watching the
the mo f’ihe light as the Nichol prisms were revolved, the forms of
out, ‘i“ ed grains embedded in transparent silica could be made
Pola,nmdﬂ']so mmagined that in the rich *play of colours under
opaliy 180t L could distinguish the fragments of hydrated or
Sl-hca which cemented the grains, but I write with hesita-
18 point, as I had no certainty that the specimens thus
than that ed were always hyalite ; at least T had no other test
Was _they showed the same rich and varied colouring which
e wel) ested by hyalite. The grains imbedded in ironstone
Wicrogeq preserved, and admit of being seen in thin films by the
p:; Whese they have not been decomposed they are all

ﬁ?‘{ on th
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rounded and abraded. By abrasion T mean that sort of opaque
surface which is seen in ground glass. Even grains of transparent
quartz are thus affected. With a high magnifying power the
minute pits and scratches can be seen. This can only be due to
acrial action. Water, as we have seen, does not produce this In
all the fine water-borne sands that I have examined the particles
were angular and not abraded.

The reason why the sands derived from the Hawkesbury rocks
are oceasionally so little like the original constituents, is because
they are the result of decomposition from a rock often compos
of fine dust, which has now become compact.* When granite
decomposes, the sand resulting does not consist of separate CW’“,I'
of quartz, felspar, and mica, but rather the angular grains contain
portions of each of these minerals. This I have seen from the
microscopic examination of many specimens of granite sand which [
gathered in various localities, In like manner the Hawkesbury
sandstones do not decompose into their original constituents, but
rather into the fragments, according as they are affected by wea#!lﬂ"
ing ; that is of course when they have become metamorphosed inf0
a hard compact siliceous rock. But there are very many PX
of the Hawkesbury sandstone where the metamorphism -
complete and the eolian character of the grains is quite visible
This is everywhere the case in a very similar formation on thel{ﬁ'
Range between Brisbane and the Darling Downs, and again e
intermediate range called the Little Liverpool Range, an
sandstone formation many hundred feet thick. I can wﬁ:
nothing positively about the age of this range, except that .
older than the tertiary lavas, and younger than the coal fo%
upon which it rests. It has not been upheaved, but: 18 rocks
horizontal layers of sandstone exactly like the Hawkesbury iis
It was considered by Daintree as desert sandstone. The moﬁﬂ
coarse 1n places, and consists of light brown opaque Pa'mdes' The
loosely cemented together with opaque siliceous cement. The
particles are nearly all abraded, and some quite rou{lded'undgd
Msm} Range is composed of a similar rock, five or six b made
feet in thickness. It is quite horizontal and abrupt, but 1 it i
much more so by the outpouring of lava which has '
tertiary times, . s

Receﬂ:zt contemporary observations.—Mr. J. A. Phﬂ!;}rpﬂ
shown in his paper on the History of Grits and SanTndﬂ’f::‘sw_ sand-
a large number of the carboniferous Permian and which have

stones are composed almost entirely of qu_aizlci!lmli//

: must
* In the examination of sands from the Blue Mountain® - gulliss

taken to scrape the material from the rock itself. Sands foung:*ﬂfi:’ "

and water tables by the railway are derived for the most P

surface and broken up by the transit into angular particles.

T Quart. Journ, Geol, Soc., vol. 37, p. 6 et seg.
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been produced in sitw.. Numerous fine-grained sandstones, parti-
eularly among those of Triassic age, are composed of quartz grains
s0o completely rounded as under the microscope to resemble water-
worn pebbles. These grains are variously coloured red or brown
by variously hydrated oxides of iron; in some cases, minute per-
fectly formed and beautifully transparent crystals of quartz have
been developed on their surfaces. He further adds that, on
ining a considerable number of modern sands, none of them
except such as had been long subjected to the wearing effeets of
wind action, were found to resemble those of the *millet-seed”
sndstones. Those which resembled them most were blown desert
snds.  In the discussion which ensued on this paper, Mr. Blandford
%aid that some years ago he had examined the Indian desert, and
the grains of sand well rounded. They were mostly of
quartz, with a few felspar grains, and occasionally of hornblende.
The strongest wind there blows from the west. The sands had
tme from the coast and the river Indus. He further stated that
the sands appeared to be unstratified, and this I can confirm in the
Sppearance of all desert sands, but when a section is made the
Peedliar false bedding is immediately seen. Mr. Rutley on the
sme oceasion called attention to the presence of felspar on many of
the sandstones deseribed, and suggested that it was quite possible
i"'m;ﬂgilﬁ Sal?ldstones to be changed into felstone. There was often
culty in distinguishing between the finer grained igneous
and ﬂﬁdimentg;'y rocks. . v o
e ¥.—To sum up these facts : I may state that observation
Proved that wind-blown action seems alone competent to round
ins of sand ; angular fragments of quartz having a diameter
tin than % of an inch remain unrounded by the long con-
ued action ot currents, or by the continuous action of breakers
. Many years; yettherounded character of the fragments of a
“‘d'b}'lf"n sandstone is often difficult of detection in a compact
Which has undergone internal metamorphism.
€ now come to the inquiry as to the causes of those peculiar
ces In the eolian sandstones, such as the false bedding,
Fd}:“& and the ironstone bands and concretions.
o 1 2ng-—Tt has been already noticed that the angle
i due toy the laminations never exceeds a certain value. This
sad the fact that rounded, or indeed small particles of
of of any kind, when perfectly dry, have a definite angle
e r0% This angle is about 30°. With wet sand it is entirel
. It may lig;, atsa:; o Joas 1 : WE g tl completeg'
: \ y angle as long as it is no
mt&i With moisture, so as fo give t%e particles perfect free
i.mm&vement one upon another, while mere dampness would
inereaseq eat&;:ee forcealand 1;Inm the anglﬁ of ?pose dr;wu]d be
B ssure also of the grains of sand in masses
"% direct but lateral, The angle at which the lamine dip is
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therefore not 80 much an index of the force of the wind as of the
quantity of sand conveyed by it. A slight steady breeze blowing
for a day in one direction would tend to carry a good deal of sand,
which as it heaped up in the places where it was deposited would
slip down to the angle of repose just as we see happening in an
hour-glass. But if the sand were very equally distributed by &
strong wind which tended to smooth down rather than to accumi-
late heaps, then the angles of repose might be very low. I regrd
the lamine as the result of periods of rest in the sand-drifts and
the thickness and direction as indications either of the duratiol
or quarter of the wind. :

Since my attention has been directed to this I have cpmfﬂﬂf
examined every sand-heap that came under my observation,
also noted the effect of the wind upon them. I had a
opportunity for this at several of the coral islands inside the
Barrier Reef. Most of them are formed of a fine-grained cal-
careous sandstone, partly cemented by the water and parﬂ)'dnmd
by the wind. At Low Island I remained a week, and oo my
arrival noted the height and dimensions of a small heap of sand
which was forming under the shelter of some drift-wood.
planting sticks at various places in the heap I was able, not only
to measure each day’s accumulation, but also the results ';
change of wind or a calm. It was at the end of the month O
October, when the trade winds blow generally from the south
but there are occasional calms and changes of direction, and e
were in the morning. The sandhill was only a few feet the
a few hundred yards in superficial area, with a steep face on -
leeward side. There were two long tongues of sand on tf}::-ther
tremities which each day’s accumulation brought further and
out. I found that the greatest accumulation on any one day On
about 7 inches. This was during a light constant bree:w-f our
cutting into that day’s deposit it was found to be formed (3)00
or five thin lamine irregularly dipping at an angle of %V
could not account for the division into lamine, but 1 sup 5
that they represented lulls in the wind. Again, on anpth:lfon’ '
when the wind was very unsteady both in force and dlr;ikiﬂg‘
was surprised to find how much had accumulated. OB 1 to be
section through the day’s work the lamine were fOUE They
extremely thin, almost in fact like the leaves of a boo Tes, 800
dipped in every direction and were inclined at various A
they differed in the degrees of coarseness. The COATSEr @ onger
I have already observed, are not so much due to the sU% e
breeze as to the faint ones, which carry away the hghi':’el;l 1 wss
from a layer of sand, leaving the coarser gramns behlﬂsl'ld]s and
surprised to find in this small sandhill rather Bea%y o, pgt
fr'_igment:s of coral, but I soon saw that what appears of gheﬂﬂd
wind easily carries such fragments along the sand Someé
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on these islands has become converted into a calcareous sandstone,
in which both marine and land shells are embedded. These islands
abound with Heliz Fosteriana, Pfr., which is a good-sized but very
light shell. It is to be remarked that though the sand on these
islands is white yet the rocks derived from them are of a deep brown
colour, which is the case with all rocks derived from coral that I
have seen. It isalso the case with calcareous aerial rocks generally.
Lamination.—It occurred tome that the causeof lamination might
be explained by experiment. I had noticed, in watching the accu-
mulation of heaps of sand in an hour-glass or in a common egg-boiler,
that the sand formed a narrow pyramid on which the lighter
particles gathered for a time into a little pinnacle of sand and then
suddenly slipped down ; thus the grains became distributed by a
series of sandslips. Perhaps then a record of these slips could be
preserved by using different-coloured sand. For this purpose I
stained a quantity of fine sand with two or three different dyes.
Using a very fine pipette glass fixed to a stand, I let the sand fall
through on to a board. As soon as a sand-slip occurred I changed
the colour. When a considerable heap had accumulated, I damped
the centre and made a careful section with a piece of card. A beauti-
ful series of laminations were exposed to view, the most of them
having an angle of about 30° By covering the whole with red sand,
aud then varying the experiment so as to draw the glass gradually
along and give rise to sand-slips, first in one direction and then in
wnother, a section was produced which gave a tolerably fair illus-
iration of a layer with false bedding at opposite angles, or as we
uently see, “herring-bone” lamination.
et sand, of course, may lie at a much higher angle. In
08¢ cases where estuarine deposits are found to be inclined, they
Ve a constant angle which is often as high as 40°. Generally
Eﬁﬂhng, the layers of clay and shingle are perfectly horizontal.
.© mode of deposition of deltas from fluvial or estuarine remains
:ehpel‘fﬁﬁﬂ.y understood. They are composed of regular beds of
' alluvium and water-worn gravel. A section through the de-
Pl::iitnat Lake Geneva at the mouth of the Arve shows occasionally
s ed beds, but the angle is regular, and at the length of half a
® they become perfectly horizontal. There is no resemblance
°n. the Hawkesbury sandstone lamination and that of an
MDpoit: deposit, even if the area did not totally prevent such a
“tggﬁ]';lon. In the Arve delta, of course, there are many fresh-
of al] ;il'lﬂlﬂ and alluvial remains of fresh-water plants and debris
: _I do not think it possible to account for some of the
‘amination in the Hawkesbury rocks except by supposing
ﬂ;‘?‘nﬁe"ﬂﬂ to have accumulated as lf'i,;e aerial dust. Water of
On thi must have deposited it in a different manner.
Wyvil other hand, at Bermuda, as already stated, the late Sir
® Thomson gives an account of a formation at those islands
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to which I have already referred. It is formed of very fine sand
accumulated by the wind, and cemented by the slow infiltration
of water. In a short time the whole of this will be a hardened
rock, and if the observations of Sir Wyville Thomson happened to
be lost, it might easily be regarded as a marine rock, were it not
that the deposit is full of the trunks of cedar trees which the wind
has blown down and mingled with the mass. I have very little
doubt that much of the interior of Australia is composed of wind-
blown sand to a considerable depth. In 1863 I was ableto
examine a section of a well, sunk in a sandy heath-like country
about 300 feet above the level of the sea. There was 90 feet of
laminated yellow, white, and red sands, resting upon fossiliferous
miocene rock. The beds were in layers and laminations just like
the Hawkesbury rock, except that they were quite loose, and not
aggregated together. This wason the edge of the Murray Desert,
where there are tracts of sand-hills 100 feet and more in height
covered with a light growth of heath-like vegetation, of ‘VI;“‘*
Lepidospermum lanuginosum, Xanthorrea minor, With Varow
epacrids and sedges, form the principal plants. Every three yeas
or so these are burnt off, and then the sand blows about quite
loosely. The grains are quite rounded, Grassy level places &%
found in large tracts much below the level of the Bﬂ:ﬂd'hm”md
then there is a stiff clay with swampy land, A sufficient accamt
lation of such deposits, hardening by lapse of time into Sto%
would give rise to a deposit exactly like the Hawkesbury i
The fine mud of the clay-pans in such country which retains ith
rains which fall in this desert in winter is often covered over 3
wind-drifted sands. This perfectly represents the curious
masses found between the layers in the Blue Mountains. e

Ironstone.—The ironstone bands and markings must De¥
cupy our attention. As already observed, these form a ¢ d OF
istic feature in the Hawkesbury sandstone.  The rings Ofﬁmmin
brown hydrated peroxide of iron and the thick bands of i
most of the formation cannot fail to arrest the attentlonl;ut yio
moreover, not only a feature in the Hawkesbury r0¢5% & 5,
in these laminated sandstones wherever they are found, as:tﬂwi
Darling Range, Little Liverpool Range, Dalrymple i
desert sandstones, &, Our inquiry here is limited they bav®
from whii;zh these ores of iron are derigerdl,1 and how
come to be hydrated peroxides as we find them.

Astothe sguroes, t}lxjere can be no doubt thatthesandofmf;
has not been entirely siliccous. It is often seen to be O pienjs
now, of fragments of mica, felspar, and fmgmentsg and to bs¥®
and other derived minerals. Hornblende dykes are om-ndﬂo'}l

penetrated many of the older rocks from which these there 5
materials have been derived. In some hombleﬂdéi?‘fﬁw

sometimes as much as 14 per cent. of iron.
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Bischof, there is no silicate in which silicate of iran daes not enter.
Protosilicate of iron or green earth is found in drusy cavities of
many basaltic and doleritic amygdaloids, in augite, augitic por-
phyry, and forming a coating upon chalcedony. Another source
of iron is that much of the carboniferous rocks from which some
of this sand has been derived is coloured green by proto-silicate
ofiron. It is important to observe that the iron in these cases
i in the form of a protoxide, and either colourless, bluish, or
greenish in tint. There is a powerful affinity between silica and
protoxide of iron. The alkaline silicates, says Bischof,* convert
earhonate of iron in water into protosilicate of iron. The green
earth contains these silicates of iron and water, and gradually
converts them into a persilicate. The reduction of persilicate into
& protosilicate and its conversion into carbonate of iron has been
proved by Gustav Bischof’s experiments.f It followed from his
mvestigations that decomposing organic substances in the presence
of carbonic acid reduced hydrated peroxide of iron to protoxide,
and also persilicate of iron into protosilicate and carbonate of iron.
In most of the ironstone bands thin sections placed under micro-
scope showed round cavities filled with red ferric oxide. These
'*presented grains of some highly ferruginous mineral, entirely
deuompmed by water and carbonic acid.
These chemical relations will appear more significant by making
e of Mr. Sterry Hunt’s beautiful illustration.] The chemist
WS that the iron as diffused in the rocks exists chiefly in
combination with oxygen, with which it forms two principal com-
Pounds, the first or protoxide which is readily soluble in waters
‘mpregnated with carbonic acid and other feeble acids; and the
second or peroxide, which is insoluble in the same liquids. I do not
speak of the magnetic oxide, which may be looked upon as
& compound of the other two, neutral and indifferent to the most
chemical agencies. The combinations of the first oxide are
:ther colourless or bluish or greenish in tint, while the peroxide
h'il:fdmh brown and is the substance known as iron-rust. Ordinary
clays are bluish in colour, and contain combined iron in the
te of protoxide, but when burnt in a kiln they become reddish,
g this oxide absorbs from the air a further portion of oxygen,
18 converted into peroxide. But there are clays which are white
oy burned, and are much prized for this reason. Many of these
once ferruginous clays, which have lost their iron by a process
mhm going on around us. If wedig a ditch ina moist soil
: 18 covered with turf or with decaying vegetation, we may
€ that the stagnant water which collects at the bottom soon

--‘-_—-'——____ S
;O!mm, Geol., vol. ii, p. 182,
t : &'l vol. iii, P- 4,
and Geol., Essays, p. 227
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becomes coated with a shining iridescent scum, which looks some-
what like oil, but is really a compound of peroxide of iron. The
water as it oozes from the soil is colourless, but has an inky taste,
from dissolved protoxide of iron. When exposed to the air, how:
ever, this absorbs oxygen, and the peroxide is formed, which i
no longer soluble, but separates as a film on the surface of the
water, and finally sinks to the bottom as a reddish ochre, orunl_iﬂ
somewhat different conditions becomes aggregated as a massive
iron ore. A process identical in kind with this has been 8t
work at the earth’s surface, ever since there were decaying orgaui
matters, dissolving the iron from the porous rocks, clays
sands, and gathering it together in beds of iron ore or 1ron
It is not necessary that these rocks and soils should contan &
iron in the state of protoxide, since these organic products (which
are themselves dissolved in water) are able to remove a P?mmth
the oxygen from the insoluble peroxide, and convert it Info &<
soluble” protoxide of iron, being themselves in part oxyd
converted into carbonic acid in the process. i
Thus we see that decomposing organic matter has the PWPE 5
of reducing the oxides of iron and rendering them soluble, an¢ ﬂ
this process the organic matter is consumed and converted H
carbonic acid and water. In this way we may regard the ting
hydrated peroxide of iron in the Hawkesbury rocks as represeits
destroyed vegetable matters. Some of the carbon 1s however o
preserved in the shales. Lenticular masses of coal and wgert:ted
impressions are common. _In some of the concretions of b o
ferric oxides casts of the tougher fruits may still be found. es
in a sandstone on the Burnett River I have found a coné This
fully preserved, and closely resembling some mesozolC C%@;ho he
will form the subject of a subsequent paper. At : v &
vegetable impressions are often composed of peroxide o 1;10 od the
Any one crossing the Blue Mountains must have lllouriﬂ doe
capping of yellow soil on the sandstone. This yellow "0}0.
to iron, and represents the oxydization of the “’,133? y:ﬂo?m
materials, produced by water holding carbonic acl 1;11 L of e
This carbonic acid is derived from the decaying vegetati®” "o .,
surface. If we ask what becomes of the trees and gl[[‘ﬁrepﬁ‘
grow on the surface, the yellow soil gives the reply- onder that
sents the surface vegetation of ages. We need not Wv :
few or no fossil impressions remain of s0 abundant & veg*
The oxide of iron consumes all. that in 87
Mized origin of the strata.—We must not S“P%on will
immense deposit like the Hawkesbury rocks one expxpmt to find
suffice for all the appearances met with. We may ?Il * strated bY
other besides wind-blown strata. This will be best of the eois?
a description of what is at present going on in one ¢ heard of the
formations of Europe. There are few who have ¢



THE HAWKESBURY SANDSTONE. : 73

Landes (Heaths) in the south-west of France. In this extensive
tract there are over a million of acres covered by shifting sand.
About six million cubic yards are carried along each year by the
wind. A great many of the sand dunes exceed 225 feet in height,
and some are over 300, their height depending on the thickness of
the current of air. Pools of water are found on all the sand dunes,
and often completely hidden by a coating of sand which does not
sink, thus becoming a dangerous pitfall. These pools are carried
along with the shifting sands, caused by the filling up with sand en
oneside, and thus pushing the basin along. The formation of lakes
and marshes in the French Landes is one of the most remarkable
features in them. A row of ponds differing in shape and size but
generally parallel with the coast, is prolonged over a space of 125
Some of these were originally at the sea-level, and are now
66 fﬁ_et above it.  One covers an area of 15,000 acres. Much
of this area has been reclaimed by planting pines. Sometimes
the advance of the sand is arrested by circumstances which favoured
the growth of vegetation, and at Arachon forests of gigantic pines
ve covered one sand tract, with oaks which were 46 feet in girth
Some years ago. On the other hand, there are plenty of places in
¢ Landes where there are traces of former forests now covered
with sand,
US we may expect to find in the Hawkesbury formation traces
of lacustrine deposits, with former marshes and lagoons. In these
® would become entombed, and the way in which they are
in this sandstone may be explained as follows :—In one of
i expeditions he found in Lake Eyre, in the central desert,
ﬁb. time when the waters had become very low, a number of small
a8l dried and caked in salt. Now it is easy to see how in the
;‘fhﬂg sands which form the shores of this lake, these fish might
covered by an advancing sand dune, and thus entombed as
Here they formed a belt along the shore about 12 yards

hmhmem is not much difficulty in accounting for the shale
ul sandstone areas. They are the remains of fresh and
narshes or lagoons, such as are now found in the central
leserts of Australia, The process may be seen in operation on the
ey d coast. Near Maryborough, or rather Pyalba, on the
g Of.Hm ey’s Bay, and again on Great Sandy ls]anfi, there
"t hdﬂpmk 1t on the site of former marshes which is very like turf
bmwl_l coal. TItis full of vegetable remains such as roots
Tasg ‘Ilna, with grains of sand sufficiently numerous to give th.‘&
will o ;:059 consistency. In spite of its carbonaceous aspect it
urn.  Exeept that it is a younger deposit, it is like the

Crosks shales often found in the sandstone rocks.
the —We must also expect to find in the Hawkesbury rocks

"mains of creeks and streams with their denuding effects,
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which of course would be very great on a loose sandy deposit. Tt
is thus I explain all those appearances which have been attributed
to ice action. Mr. Wilkinson, the Government Geologist, thus
describes such appearances.* ‘ In the sections exposed in the quar
ries at Fort Macquarie, Woolloomooloo, Flagstaff Hill, and other
places, may be seen angular boulders of the shale, of all sizes, up
to 20 feet in diameter, embedded in the sandstone in the most
confused manner, some of them standing on end as regards their
stratification, 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 oceur
nearly always immediately above the shale beds, and are m
with very rounded pebbles of quartz. They are sometimes slightly
curved, as though they had been bent whilst ina semi-plastic
eondition, and the shale beds occasionally terminate abruptly
though broken off. Had the boulders of soft shale been deposited
in their present position by running water alone, their form
have been rounded instead of angular. It would appear that the
shale beds must have been partly disturbed by some such agency
as that of moving ice, the displaced fragments of shale bewml;i
commingled with the sand and rolled pebbles carried along by
currents. Occasionally in the beds above those which contaif i
angular boulders occur a few rounded pebbles of shale, showing
that the currents had swept along for some distance a few obbkl
angular fragments until they had become rounded. Thesepe
are usually oval in shape, and are embedded in such a le“:
that the longer axis of the pebble is nearly always inclin
dips towards the south-west,—thus indicating that the

currents had chiefly come from that direction ; whereas the Mmg
boulders in the beds below are, as before mentioned, OOM Mo,
heaped together without regard to size.” In another PHW*‘"
Wilkinson says :— From their lithological character ﬂl‘: hallow
bury rocks appear to have been formed ina comparatiVely b, "o
sea, which was subject to rapid and changing currents. xtend in &
was bounded on the west by the wmountains which head of the
northerly direction from the Shoalhaven River to the “horeline
Goulburn River. It isin the rocks near the ancient pebhlﬂr'
that we should more especially expect to find ice-groaver B ing
but none have yet been discovered. Its northern m?’ﬂ:’ but it
to great denudation, cannot so readily be ‘?fetm,nﬁd owards
probably did not extend north of the Hunter Rivers S “gouih
the east its extension is lost beneath the wateﬂm‘;h with the
Pacific Ocean.” Mr. Wilkinson compares these of Mess™
Bacchus Marsh sandstones, and cites the Opmfl;’rn; od underie®

Selwyn and Daintree as to those formations being

* Jour.:Roy. Soc. N.8.W., vol. XIIL, P- 106.
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The difficulties in the way of such an explanation are insur-
mountable, as I shall show at the end of this paper. The way I
sccount for these boulders is that they are the results of the action
of creeks or flows of water in the loose sandy hillocks, These
would easily undermine the beds of shale and break them up,
tossing large fragments on end, and mingling them with water-
worn pebbles of the watercourse. A few days’ dry wind would
soon entomb these ruins in sand and turn the course of the
ereek, What a sudden downpour of rain and a flooded creek will
d0 in breaking up loose beds must be familiar to any observer.
Here are a few examples :—In August, 1829, a fragment of
sndstone, 14 feet long, 3 feet wide, and 1 foot thick, was
eurried by the river Nairn, in Scotland, a distance of 200 yards
On the same occasion the river Dee swept away a bridge of
five arches, built of solid granite, which had stood uninjured for
twenty years ; the whole mass of masonry sunk into the bed of
the stream and was seen no more. And the river Don, as we
are assured on the authority of Mr. Farquharson, forced a mass of
sone, four or five hundred tons in weight, up a steep inclined
Plane, leaving them in a great rectangular heap on the summit.
A small rivulet called the College, in Northumberland, when
#wollen by a flood in August 1827, “ tore away from the abutment
of a mill-dam a large block of greenstone—porphy ry—weighing
::'iiy ”2*"0115’ and transported it to the distance of a quarter of

e

Qﬁ_md surfaces.—In these blocks of shale there is often a dis-
Psition to divide into small blocks of irregular form but curiously
Msurfacea I have noticed the same in carbonaceous allu-
Jlum In other places, The creeks near Bathurst are, in the neigh-
bourhood of the basaltic rocks, full of a dark brown shale much
like what T have already described. When dry it breaks into
"megular blocks with glazed surfaces. Again, the same curious

ce was noticed in a creek near Lytton on the Brisbane
y Which also is close to basaltic rock. It is quite a recent
fon, some of it having accumulated within the last few
Al This must not be confounded with glazing from friction,
ﬂhﬂq 18 too soft to take a polish in that way.
bary wn.—There is nothing in connection with the Hawkes-
the sandstone which has been matter for speculation more than
hanner in which it has been denuded into such extraordinary
.ﬁl"w and gorges as are found in the Blue Mountains. It
be remembered that there is not the slightest evidence of
r“‘ml or subsidence, except at the downcast already mentioned.

were deposi there they have remained. In the
R posited, there they

“ 3 . - L3 -
‘ﬁlw Geology, 9th edit., p. 208, where similar instances
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deepest gorges the horizontal beds on each side correspond in such
a way as to make one believe they were once continuous. The diffi-
culty is best expressed by the eminent Charles Darwin who, in the
“ Naturalist’s Voyage,” thus tells us how his visit to these moun-
tains had puzzled him :—

Darwin’s views.—*“The first impression on seeing the corre-
spondence of the horizontal strata on each side of the valleys and
great amphitheatrical impressions is that they have been hollowed
out by the action of water, but when one reflects on the enormous
amount of stone which on this view must have been removed
through mere gorges or chasms, one is led to ask whether these
spaces may not have subsided. But considering the form of the
irregularly branching valleys, and of the narrow promontories pro-
jecting into them from the platforms, we are compelled to abandon
this notion. To attribute these hollows to the present alluvial
action would be preposterous, nor does the drainage always, as I
remarked near the Weatherboard, fall into the head of these valleys,
but into one side of their bay-like masses. Some of the inhabit-
ants remarked to me that they had never viewed one of those bay-
like masses with headlands receding on both hands, without.bemg
struck with their resemblance to the bold sea-coast. This 15 cer
tainly the case; moreover on the present coast of New Sow
Wales, the numerous fine widely-branching harbours, which are
generally connected with the sea by a narrow mouth worn through
the sandstone cliffs, varying from one mile in width to a quarter Of‘:
mile, present likenesses, though on a miniature scale, to ?he
valleys of the interior. But then occurs the startling d],ﬁmlby'
Why has the sea worn out these great though circumscrl ‘de-
pressions on a wide platform, and left mere gorges in the opemings
through which the whole of the vast amount of triturated math::
must have been carried away? The only light I can U
upon this enigma is by remarking that banks of the most 11‘1'&5;“]‘;:
forms appear to be now forming in some seas, as 1n parts 0
West Indies and the Red Sea, and that their sides are exeeedmﬂbif
steep. Such banks, I have been led to suppose, have mﬂf
sediment heaped by strong currents on an irregular sea- niform
That in some cases the sea, instead of sowing sedimentin 2 hardly
sheet, heaps it round submarine rocks and islands, 1 mIn dies ;
possible to doubt after examining the charts of the Wﬁt chﬂ'!’:
and that the waves have the power to form high preclpttous o
even in landlocked harbours, has been mnoticed in many Jatform
South America, To apply these ideas to the sandston® Fa5,,
in New South Wales, I imagine that the strata were hea

the action of strong currents and by the undulations of a0 oper

thus

sea on an irregular bottom, and that the valley-like ?Pmcﬁﬁ‘

left unfilled had their steeply sloping flanks worn it f
during a slow elevation of the land, the worn-down
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being removed either at the time the narrow gorges were cut
by the retreating sea or subsequently by alluvial action.”

None of the difficulties suggested by Dr. Darwin are met by
his theory, and the absence of upheaval or marine remains is fatal
toit. On the other hand, the aerial origin of the rock exactly
explains the facts. These immense sandhills may have been
always detached from one another, or if united, could have been
easily cut into the gorges previous to their consolidation. No
doubt they have become precipitous to some extent by weathering
and by the sweeping away of outlying masses of loose sand. It is
the tendency of loose aggregations of sand to consolidate in the
perpendicular direction, and this is best seen in the deserts of
Africa and Arabia, where the consolidated sand has formed the
most abrupt precipices and gorges. I do not think that the denu-
dation has been very great, for most of these aerial hills were
never united. It used to be the custom to refer the small horizontal
®ps and outliers on the tops of mountains to the remains of an
enormous formation which had been denuded away. I myself
thought this of O’Connor’s Nob, near Cooktown, and Mount

‘ nhouse, near Jervis Bay. Such stupendous denudation on
1‘01'120111_:31 strata, without any upheaval or subsidence, baftles com-
Prehension ; but when the aerial origin of these outliers is under-
S0od the difficulty vanishes. There has been little or no denuda-
ton. The sandstone has been deposited just where it is found,
&nd was never much larger than we see it now. But the very
boldest, escarpment show fragments of rock at their bases which
ve hmke:n away from the undermining of looser friable portions.

Ha"dm_mﬁ' of sand.—A difficulty with many will be the im-
Wense height of these sandstone cliffs, some of them being most
*tainly about 1,000 feet almost perpendicular. Probably the

amount of blown sand is less than half this, and sandhills

that height are found in other places. At Cape Bogador and
o Verde they are over 600 feet in height. Another difficulty
bhinbe the consolidation of loose drifting sand into stone. That
sand hardens into stone is certain, for even the recently

med sand dunes of Cornwall yield a stone which is used for
::'Smg purposes.  The accounts of all observers confirm the
and iac tof the hardening of sandstone from drifting sand in Africa
i rabia, . Mr. James Haswell gives an interesting account of

"“dﬂ, tone in course of formation in Fifeshire.* The sandstone in
""th “tion, near a railway bridge at Ardross, was resting upon car-
‘ns gﬂ“ﬂ strata, above which was a bed of tenacious clay contain-
down, 1 . ﬁhﬁnfi- Above this was blown sand which was washed
g the rain over the clay, and deposited on ledges formed by

wﬁe&s of shale, while the siliceous particles of which

""m Was read at the Edinburgh Geological Society, January 21, 1869
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the sand was composed were cemented together by carbonate of
lime held in solution by rain-water. It was derived from the
recent shells which occurred not only in the sand but in the
clay. The cementing medium was also partly composed of hydrated
peroxide. The result is a hard sandstone, not unlike one of mueh
older date. .

It is a remarkable fact that stone derived from the wind-blown
sand hardens by exposure, probably from the greater facility thus
afforded for the formation of the great cementing medium, silieate
of iron. The initial cause of the consolidation would of course be
the pressure, and this is why we find in these formations the cores
or centres of the highest and heaviest sand-hills.  Still it must be
remembered that the strata of all these mountains are of a com
pound nature, portions of them containing shales, which proves
them to have been at one part of their history lagoons or m:

The fine aerial siliceous dust of which much of this rock is con
posed would also consolidate very easily by the mere dead M
and pressure of sand above. The hydrostatic pressure, Wh'd';
used to consolidate graphite, would be nothing to the effect
thousands of tons of sand. g

Fine red sands—Some of the Hawkesbury sandstone i of &
very fine texture, and of a peculiar salmon colour, which 18
seen in some fresh broken masses. 1 was struck by the reseir
blance of its colour and grain to a thick deposit of sand ¥ o
fell on the Mosquito Plains on October 8, 1865. The-%
that year was particularly dry, and the hot winds set 1D M0
early. At daylight of that morning the sky had a most P"“':
lurid appearance, very much like dull copper in colour. The“'m
no clouds, but an unequal tint or turbid appearance patches
showed a rapid movement southward. The thunder was incessah b
and with a harsh metallic sound very different from the
echoes of heavy rain clouds. The lightning used t0 m =
the sky in forked streams. In the middle of the day 8 steay. o
of fine dust began to fall, which soon covered everyt of it
yellow or salmon coloured crust. I gathered qu?ntlzlnﬁﬂ .
found it to consist of very finely divided grains of roun®
noussand. At thattime i—y was igterest.ed in looking for Dia qul
In referring to my notes on the subject, I do not find myw phpe
to the presence of any angular particles, but the dll?? e close
tremely fine that an inch objective did not suffice Ior strongly
inspection under the microscope. The wind was blowing . nis
from the south, and the sand was moving in a contrary ﬂwo@d
an upper stratum of the atmosphere. The sand came ﬁo!;m reports
the desert about 500 miles to the north, as we Jearned iad been 8
which reached us some ten days subsequently. Ther:h,md"‘
tremendous northern hot wind inithat locality; ?ndbq'ﬁ
had been blown away in large quantities, so 8 qUite -
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roots of the porcupine grass. The deposit of red dust was fully
2 inches deep in a few places on the Mosquito Plains where the
wind had drifted it along the ground. It easily hardened where
it had been moistened, and would bear considerable pressure before
erumbling again. I have no doubt that some of the Hawkesbury
sndstone is composed of such a deposit, which probably was
derived from a desert interior, where the moisture was less.

Eolian sandstone in China.—Baron Richthofen, in his large
work on China, describes a formation which covers vast areas in
that country. He mentions it as forming cliffs or bluffs on the
Yellow River, which in some places rise to a height of 500 feet.
In many places, he says, it reaches a thickness of 1,500 feet. It
extends inland over all the high plains, from the alluvial flats of
the Gulf of Tshili, over the Taihhang-shan Mountains up to plat-
taux 1,800 metres high, and even to an elevation of 2,400 métres
{over 7,500 feet) above the sea in the Wer-tai-Shan Mountains,
Northern Shansi. It stretches south of the hilly grounds beyond
the valley of the Yangtze, and up that valley in a westerly direc-
tion for an unknown distance. Itcan be followed up thecourse of the
Han, to the watershed of that river, and it is known to extend up
the valley of the Yellow River without interruption, inte the pro-
‘uce of Kansuh. This enormous deposit, according to Richthofen,
Ssolely the result of atmospheric waste and wind action, and he
l"'} brought forward a large body of interesting and important

to prove his theory. He insists also upon the fact that
the organic contents of this deposit pertain exclusively to terres-
remains, as in the Hawkesbury sandstone,

Dr. Geikie, in his Pre-historic Europe, from which the above is
aken, adds (p. 167) :—* It may be that we have hitherto under-
Stmated the action of winds as geological agents in dry continental
Wreas Jik : :

e those of Central Asia, and that aerial currents have

¥ed a much more important réle in the past than has been
Serally supposed.  ‘No one * can realize the capacity of wind
8 transporter of fine material who has not lived through one
F";ht storm on a desert. In such asimoom the atmosphere is filled
Mara driving mass of dust and sand which hides the country
fabri, & mantle of impenetrable darkness, and penetrates every
X 'tIt often destroys life by suffocation, and leaves in places
IdﬁPOEl several feet deep.” But such rapid accumulation occurs,
Wmm, only in the desiccated desert or its immediate neigh-
Sradua] Deserts of shifting sand inerease their bounds by a
tinna]) enemac_hme.nt of the dunes of the peripheral regions, con-
]ilhery ;dvanmng In the direction of the prevailing winds. The
ﬁ‘qﬂmﬂm which is carried on the wings of the wind and

y tra‘n . .
. sported for distances of sgveral hundred lmlﬂ;,_

* Pumpely,

Amer. Jow Science snd Art, vol, 17, for 1879, p. 139
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leaves but a slight film upon the surface of the ground where it
falls. And if this be so, one cannot but be amazed at the length
of time required for the sub-aerial sifting of the material and for
the transport from the dry central regions of Asia of that finest
dust with which so large a portion of China eventually became
covered, to a depth varying from 50 to 100 feet up to 2,000 feet.”
Perhaps it is not entirely such a formation as this with which
we have to deal in the Hawkesbury sandstone. Oursisa sand-dune
area possibly not wholly like that of the Desert. It is no useat
present encumbering ourselves with speculations as to whence this
sand was derived. A very diligent and long continued examination
of the constituents of the rock, taken from a very great number of
places, and a better acquaintance with the physical characters of
the older formations, will alone throw light on this question. We
must not suppose either that the surface was wholly devoid of
vegetation. If we remark how very little if any of the present
vegetation is preserved in present soil we may be surprised to find
S0 many impressions of ferns in the Hawkesbury sandstone. I
should be inclined to think that the land around was a desert like
Arabia, in which stand storms would be numerous and the accumt-
lation of dust rapid. After the upheaval of the Permian straa
the area may have been a desert region in which a few coal plants
survived. A dry climate caused a rapid disintegration of stratd
and the accumulation of aerial sands. I do not pretend to assert
that the upheaval took place immediately after the Permian
period, but that it was not previous to that time, and may have
been as late as the Cretaceous. The evidence of the plant TeImAIns
18 as yet insufficient to establish any period. 8
Stratified rocks not all aqueous.—At one time every formation
not obviously fresh-water or intrusive was hastily conch}ded to have
been derived from the sea, whether it contained maﬂne.mm’:mf
or not. But we are no more justified in calling rocks marin® mWe
out direct evidence than we are in calling them fresh-water. b
are not acquainted with any existing sea-bottom utterly destl
of marine animal remains, no matter what the nature of the bot!
Foraminifera at least were always found, and these have € w
from the earliest geological periods. But we have never e
any marine area where the dredge brought up only Pla'n'f small
and vegetable shale with sand destitute of lime and mPh sical
rounded pebbles. Mr. Selwyn, in his Notes on the f,{nthﬂ
Geography, Geology, &e., of the Colony of Victoria,* z:efers okt
absence of marine fossils from the lowest beds of the I_mo‘?‘e}’]’:mw.
of Victoria, succeeding beds of evidently terrestrial :;rmsﬁ““'
This he calls a marine gravel. It is a widespread f

* : « - Melbour2®
2 One of the Intercolonial Exhibition Catalogues publlﬁhed in M
! Eﬁ'\
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being found over hill, plain, and valley. Mach of the material
composing it is rounded and waterworn, and Mr. Selwyn considered
that there was evidence of too extensive and powerful an action to
be ascribed to river floods. He adds that “ very considerable areas
now forming dry land in Victoria have been submerged in late
tertiary times is unquestionable, and I believe that most if not all
the older gold gravels, if not absolutely due to such cause, have at
least been subjected to its influence, and in that case must be
regarded as marine.”* In answer to this, one might say that no
marine remains are known to us of such a character. 2nd—That
these gravel beds are very often found hundreds of feet above the
level to which we know the tertiary submergence extended, viz.
about 600 feet. 3rd—That their continuity is more apparent than
teal.  4th—That they often contain fossil wood, roots, and vegetable
remains. 5th—That these drifts may well have been derived from
the weathering of the carbonaceous conglomerates before the land
was submerged at all. 6th—Finally, they may be the remains of
a terrestrial formation such as I shall now describe.

Mezican eolian strata.—It has already been remarked that in
many places in Europe there exists a recent formation at various
altitudes which is more like a fresh-water deposit than any other,
but yet found in situations which hardly admitted of any such
explanation. Thus at Meudon, near Paris, there are deposits of an
argillaceous fine gravel, resting unconformably on tertiary beds.
It, could not have come from the river Seine, which never reaches
Within 500 feet of thestrata. A similar deposit is described in the
Grecian A rchipelago. It is a reddish loam, lying in horizontal beds
8 the highest altitudes. The explanation of these and similar facts

.been given by Mons. Virlet-d’Aoust as the result of his obser-
Yations in Mexico. + :

Mons. Virlet-d’Aoust first remarked in Mexico a yellow deposit

Glﬁy or argillaceous marl, which not only completely enveloped
o lﬂﬂl_ﬁted mountains, particularly volcanoes, but also consti-

ted the sides and base of several chains of mountains such as those
ﬁoiaimlepeﬂ, Cetlatepetl, and Orizaba (17,370 feet). This forma-

N is observed on the flanks of this giant of mountains, up to the

t of about 12,000 feet above the sea-level, and it often attains
m’mﬂy .iIl its lower part a thickness of from 150 to 300 fe.et.

deposit is somewhat of a miscellaneous composition, includ]_ng
:E]i“ fragments and rounded shingle derived from the underlying
tion, The enclosing cement or clay being of a very recent forma-
tror. 28 but a feeble consistency, so that where the torrents of
mpmal rain fall on it in the wet season enormous gullies or Barran-
M, into which the growing timber is precipitated and

o cit. p. 25 3
GMS;;-Z oo t]::nf'eil def»a%ibflthese observations, Bulletin de la Société de

vol. 7
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the whole debris carried as alluvium into the plains below. As first
Mons. Virlet-d’Aoust imagined that this was an alluvial formation,
derived from the washings from the mountain sides. But the
deposit was found to cap the isolated mountains. It could not
have been upheaved, for it was horizontal, and in any case included
fragments of pottery and articles of human manufacture, besids
wood and plant remains. As for its recent upheaval by volcanoes
none of them have reached the height at which this deposits
found. At last a sufficient cause was found in the dust-storms
which are exceptionally violent and frequent in this region. The
whole plateau is distinguished by immense whirlwinds of dust, °
“ remolinos de polvo,” as they are here called, which are Whlﬂm!
along from various points on all fine days, carrying upin ther
course stones of very considerable size and other objects. 11¢
were thrown to heights of nearly 2,000 feet above .the Ph““'
Often the higher stratum of the air is rendered quite like
yellowish cloud from the quantity of dust remaining suspe

I need not give all the arguments or the details of the fact
which establish beyond a doubt that the formation 1s ai
one. The able observer who thus explains the formation
attention to the fact that there are many similar del_lﬁﬂm'
also remarks that if the intermittent effect of whirlwinds WE be
produce such a result, how much more vast and regular would,
the effects in thoge places where the winds are constan_t 1 a
and strong, while passing over desert regions. Thus o :
trade winds which cross the great desert of Gobi often bﬂﬂfm
continuous rain of dust and fine sand over the southern T
Dr. Macgowan describes one which lasted several hours, 8%
80 dense as to hide the sun. o o acstted

At Fontainchlean.—The sandstone of Fontainebleat isadmi,
by most geologists to be a formation derived from.saﬂd‘d“ms’
contains beds of shale and lignite, and a peculiar hyd B
called “alios,” which is also found in the sand-dunes %
Landes.* The sandstone referred to occurs at Cerna anw
there and in many other places it is distinguished by the 4 gt
of level horizontal and regular stratification and the a?geenﬂﬂ in
any fossils. Mons. Stanislaus Meuniert gives the eﬂdstﬂne o
support of such an origin for these rocks and _the B occlls
Rilly. He says that the suggestion of their eolian ﬁngmhen we
to the mind at once, but this idea becomes a certainty _:M of
find that they have the characteristics of the true sand Pecﬂl“"
the Landes, and they enclose the same shales with the '

“ alios” found there.
’/’/

CG’“FE'BS rendus, vol. 5 hstance bf
Cloe L. 59 64 is of the st
tz, P- 38. us, vol. 59, p. 64, Also an 3]131}'&18 _

+ Comptes rendus, vol, 85, p. 1240,

draws
He

3
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Conglomerates.—The only question which still remains to be
dealt with in dealing with these sands is the presence of pebbles
and conglomerates. These latter cannot be attributed to wind.
That the smaller lines of pebbles are aerial I make no doubt.
Until I began to investigate the subject I had no idea how easily
pebbles are borne along and up into the air by strong winds. On
every windy day for the last two years, whenever I could, I have
been out amongst the dust examining the heaps of stones formed
by the wind, and watching or stopping the pebbles as they were
swept by. All those of large size and shape I put aside for com-
parison, and it was surprising how much the dimensions of some
exceeded my expectation. The conclusions I have come to are
that a very small amount of wind action is sufficient to round the
edges of very hard pebbles ; that the abrasion is even more rapid

in water, and the result very similar. Some are completely
rounded like water-worn pebbles. It is not necessary to suppose
that these pebbles were more than rolled up the gradual slope of
the dunes, a slope which always exists on the windward side.
The broad and flat stones in the sandstone are of larger size,
from their being more easily carried along. It is not at all an
uncommon thing for a strong wind to lift up and carry along
pebbles of an inch or a little more in length and half an inch thick.
Let it be further borne in mind that except in the lowest strata,
pebbles are rare, and those that are found ave very small and only
such as would be easily carried by the wind.

_ Whatever be the origin of the conglomerates, those of large
Size or great extent are only common at the base of the forma-
ton, They belong more to the coal measures than the sandstone.
the other instances can well be accounted for by (1) the action

of creeks, of which there must have been many ; (2) extraordinary
Storms or tornadoes ; (3) concretionary action. That the latter 13
1ot an insignificant cause can easily be seen from the experiments
8 Stanislaus Meunier,* who found by the infiltration of chloride
¢ lune‘ and silicate of potash through heated loose sand, that
?ﬂncren?ns were rapidly formed. Accident revealed another
ﬂIuStr&t'mm During the siege of Paris sand was heaped upon the
= Of_ the Geological Museum, to deaden the effect of the shells
Ing into the building. A heap of this sand lay at the foot of
8 Immense block of iron pyrites from Portugal. The rain which
qme through the roof deeply corroded the mass, and the water
0 Wing from the iron on to the stone deposited so much hydrated
Xide of iron on to the sand that it became an irregular consoli-

mass, portions of which were exceedingly hard, like iron. T
_--_"“————_

* Presse scientifique des deuz Mondes, tome 2, de 1866.
T Les causes actuels en Géologie, p. 298. 8vo. Dunod, Paris, 1880
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Coneretions.—Concretions or fragments of rock broken smal
and the edges abraded present pebbles of every variety of colowr
and apparent consistency. This can be easily seen by the examini-
tion of pebbles at the bottom of any stream. The river Medway
in Central Queensland flows through a sandstone in every respee
like the Hawkesbury sandstone, though it may be older, as 1t 5
full of impressions of ZLepidodendron nothum and other plants.
The pebbles at the bottom of the stream are of every colour, "“ﬂ
differ much in mineral character. Some have come froma ¥
tance, but not many, as the river is rarely anything but a mere
brook. The conclusion I draw from this fact is that it is 1ot
impossible to account for the conglomerates by even wind action
Supposing a wind-blown sand to become much altered and e
creted. This always takes place by pressure, moisture, and ohet
metamorphic processes which we are not able to estimate 1 every
case, but whose action is evident. Let the sandstone be distz-
tegrated by simple aerial weathering. This is no forced hypothess
The thing is ever taking place in the arid deserts of the warld:
What is the result? The lighter portions are blown away; -
concretions remain to strew the ground as a thick bed of shingle
Here follows an illustration of the process.

Stony Deserts.—In Central Australia, or rather south of the
centre, between the 28th and 29th parallels of latitude, the countty
is distinguished by two features which entitle it to the nam:nd
the Stony and the Sandy Desert. The latter is a series of red
ridges, whose glaring colour and whose aridity render them IO
striking objects. 20 or 30 miles of such sand is a common t,]m{ié
it is quite loose, and is blown about by every wind. T.oth
sandhills succeed immense plains, which are strewn as thickly #
possible with rounded fragments of quartz and sandston® .
day’s ride from the sandhills will place the traveller out of sight
of all high land, and these stony deserts are like an immenseé 95:1:
beach with large fragments of rock scattered over the surfaﬁrt,s
buried in the ground by the force of waters. Such Was 8 o
explanation of the stony desert, but he took an erroneous ;1863
of them from his limited knowledge of the country: found
Mr. Howitt examined these deserts more thoroughly. He :]16!5
they were a series of plains, some not over 17 miles wide, and 0
over 60. The stones are unequally distributed. They ENMI
Hma]lom some localities, and form almost boulders in others. i
theories have been proposed to account for these stony some
the fa.vou.rite of which is, that they are the remains Jeft bY *°
10“3'00111_3111110(1 current of water running through the 020~
thg continent. In 1865 I wrote of this formation*t--;_zginw
opinion 1s that these stones are the remains of_atlighi{ff’/

* Discovery and Exploration of Australia, vol. 2 P- 10k
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sandstone which abounds in other parts of the continent. Where
the strata contained a great deal of iron, there were formed siliceous
concretions which resisted decomposition, while the rest of the
rock fell away. * * * The red sand is certainly derived from a
ferruginous sandstone. And if it be asked how the ridges should
be 50 high and uneven, and the plains so low and flat, I answer
that when the strata decomposed, the lighter portions drifted away
into ridges, leaving the heavier remains scattered below on the
plains.”  If the sand drifts again over these plains, and consolidates
as it may easily do, we should have a wind-blown sandstone rock
at the top, and a heavy rounded conglomerate at the bottom, and
all this the result of aerial action alone. Such a deposit might
be found over thousands of square miles, as it actually is so
fou-nd in Central Australia, but no amount of ocean or river
action that we know would produce such results. It is thus I
offter to explain the wide-spread conglomerates which we find
lying on the coal formation with very little change of character
over thousands of square miles. Near Warwick and Stanthorpe,
n Queensland, they are cemented together ; at the Liverpool Range
i New South Wales they are often found loosely aggregated. At
the Endeavour River the same features manifest themselves, jus:t as
they do at the base of the Blue Mountains. A coast line might
Produce such a shingle, but there it would be of small width, and
we should find marine remains, which here we do not. An ocean
Would not produce such results, and nothing of less extent than
4N ocean will meet the requirements of such an area ; and tltlen

¢ presence of land plants, and the absence of marine remains,
meet us again to destroy the ocean theory.

. Tee action.—T have now a few words to say about the ice explana-
tion for these rocks. It is true that there is a very scanty amou}lt
of foﬁgsils found in marine ice deposits, and also that they are quite
Vanting from some glacial beds ; but, as a distinguished geolo-
g‘mf has observed,—if we have not fossils, we have signs or marks,
Which are as clear indications of ice action as marine shells are of

. presence of the sea. These indications are—(1) Till; (2) Mor-
dues; (3) Glacial mud; (4) Boulder clay; (5) Tce grooves,
“Tatches and polishing. 74l is a deposit of excessively dense
“4Y, stuck as full as it can hold of stones of all sizes, which are
10t arranged in any order, but look as if they had been forced and
muimed in anyhow ; big and little, angular and rounded together.
Thone. fragments which are rounded, and in fact nearly all of them,
‘;f'hﬁwme seratching and polishing. Moraines are confused masses
= earth and stones jumbled together without regard to size, Welgl[t!
theﬂhﬂ-pe. The fragments are less grooved or acratched‘thﬂ-“ n
th till, because they have ridden on the top of the glacier ; but

€Y are always arranged in lines along a valley, orin & horseshoe-
mhﬁpacmm the end of it. Glacial mud is an extremely
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fine deposit of clay derived from streams issuing from the base of
glaciers. It is formed by the impalpable mud which represenis
rocks ground down by glacier action. Boulder clay is a deposit
formed partly by the drainage from glaciers, and partly of trans
ported blocks of large size and various kinds of rocks. Boulder
clay is stratified, but the stratification is often thrown into large
folds and wrinkles, and ploughed up as it were on a gigantic scale
by the former stranding of icebergs.

I do not think it necessary to go into detail in this matter any
more than to say that we have none of these formations in the
Hawkesbury rocks. The sand is utterly unlike any ice clay, and
so are the included fragments. We have no such thing asi®
scratches and grooves, Mr. Wilkinson mentions one instance of
boulders which he attributes to ice action—this has been already
referred to—and alludes to another which he does not deseribe
But if the ice interpretation were the correct one they should be
the rule and not a rare exception in these vast deposits. have
every confidence in the wide experience and conscientious observé-
tions of my esteemed and learned friend the Government Geologish,
and since I differ from him in the interpretation of these
I should like also to record here my high sense of the service be
has rendered to geological science in New South Wales, the reaty
help he has given to me in these inquiries as well as on all other
occasions,

But another difficulty is, that these glaciers must have “&m
from an enormously high land to produce them on so g t
scale. .W*e have no evidence that there has ever been such ¢
mountain range. If there had been, it must have disap b
under a great and rapid subsidence. Yet it is upheaval not S?Jm
sidence, which we want, to account for the presence tfmll 4
sandstone 3,000 feet and more above the sea. There is no patr,
in all geology for the appearance and disappearance of moﬁkhi11
ran8es in this manner. Moreover, we find this deposié far such
th.e tropics, and where is the glacial system that would include
climatic changes? Finally, ice action is certainly unfave yeb
to the formation of coal and the luxuriant growth of ferns I
these are‘the common remains in the sandstone. But ] Lr
do not think it is necessary to pursue this part of the subject

er. goculd
: o
Coneclusion,.—If these Hawkesbury rocks are the slow we hav®

lation of aerial deposits since their upheaval from the 5% T

in them a monument which marks the extreme antiquity ﬂs"'ﬁ
part of the earth’s surface, We cannot fix precisely th:ﬁ"'
the beds on which they rest. The advocates of the gl%iﬂiﬂ"-"’oll
would rank them as Permian, while the most extrem® op  idde of
the other side would not rank them as newer than the
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the Mesozoic period, The plants give us no great clue. They are
those which belong to the Upper Coal basin, such as Zhinnfeldia
odontopteroides. Probably the beds went on accumulating long
after this ; or the plant may have a long range in its life history.
We cannot fix any age for these beds. Similar deposits overlay
marine beds with chalk fossils in Queensland. These cretaceous
deposits are inclined at angles of between 20° and 30°. We have
1o such beds here in New South Wales. The beds with Z%hinn-
feldia in Queensland are similarly disturbed, so that the Hawkes-
bury sandstone has been less disturbed than the formations of other
parts of the continent. Here then we may suppose has survived
that ancient fauna and flora which represents a long past epoch in
the world’s natural history and perhaps a link which connects
us with the present time. Whatever disturbance there has
been relates to the period of volcanic activity. This was shared
by all the eastern half of the continent in tertiary times. Some
of these lavas have burst through thick portions of the strata and
now form the highest parts of the range. This outburst of vol-
e matter on such a gigantic scale was no doubt attended with
an alteration in the drainage as well as the watershed. We
have daily increasing evidence of what the flora was, from the
vegetable fossils which are being exhumed from beneath the beds
of voleanic ash. It was quite different from what grows arougld
U8 now, as far as the fossils will guide us. I may thus summarize
the results of this essay i—

_ L That the Hawkesbury sandstone is a wind-blown formation,
Wterspersed with lagoons and morasses, with impure peat.

2. That there has been no upheaval, but rather a subsidence,
which probably extends from the base of the range to the sea.

3. '_I'h&t the peculiar lamination of the beds is due to the angle
8 which dry sand slips and rests when blown by the wind.

A _The beds of ironstone represent vegetable matter degtroyetl

Eu‘l’lxdl‘dlzing the iron, and this is why so few plant remains are

5. The irregular layers of the sandstone formation probz.a.bly

ent what was a tranquil portion of the surface for a time,

zn Which there may have been a vegetable growth now represented
¥ Ironstone bands,

bef{, Th‘? smaller gravel may be wind-blown ; the larger may have
of derived from creeks. This is also the origiu of the fragments
shale. The creeks have undermined them and broken them up.

mi Conglomerates may have been derived from stony deserts,

the 28 we have in the centre of Australia. They represent all

ble Stones of a sandhill district from which the sand has been
away,
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8. The precipitous cliffs of the Blue Mountains are the hard
central cores of sandhills, the loose portions of which have been
easily blown or washed away. '

9. That in all respects the sandstone is like many desert forma-
tions of the interior.

10. That a large arid or desert region has existed in Australi
in mesozoic times, while to the north and north-west there wasa
cretaceous sea.

11. That this desert was terminated by the outpouring of vast
quantities of voleanic rock, which altered the drainage
probably changed the climate.

12. We have no means of knowing the eastern limits of th
ancient desert, as there has been subsidence on that side,

13. This formation differs but slightly from other and more
extensive aerial ones in other countries, especially in Mexi®
China, Arabia, &ec.

14. There is no evidence of ice-action, and all the Ph?md
features are against such a supposition.

APPENDIX.

The following illustration of an eolian rock in the oft-cited ca%¢
of Bermuda will be interesting :—

m
BermupA.—From “Notes by a Naturalist on the Challenger
By H. N. Moseley, M.A., F.R.S. ; page 18
calcareous

The islands are almost entirely composed of brown laces
rand, more or less consolidated into hard rock. In several P cotl
and especially at Tuckerstown and Elbow Bay, there £ hich
siderable tracts covered with modern sand-dunes, some ¢ Tﬂﬂf'
are encroaching inland upon cultivated ground, gt nly i
whelmed at Elbow Bay a cottage, the chimney of ‘wiles Fd‘llll@
now to be seen above thesand. The constant encroa-Ch_me.n S lan
is prevented by the growth upon them of several .bmdmg el
amongst which a hard prickly grass (Cenckm}: with long’tmiliﬂ[
penetrating root-fibres, is the most efficient, assisted by ﬂ;;tiﬁﬂﬁﬂ
Ipomea pes capre. When these binding plants ar® = =g g
removed the sand at once begins to shift, and the bmmg'sﬂﬂ-’
house, and the present encroachment at Elbow B a!;‘ sond
ha.swe originated from the cutting through of some i s
hills for military purposes. . seeni?
The sand is entirely calcareous, and dazzling white wilzif: seen ¥
masses, When examined closely, in small quantities T o
cousist of various sized particles of broken shells. o



THE HAWKESBURY SANDSTONE. {9

samples from the shores where the material of which the sand is
formed is first thrown up, and selecting portions where eddies of
the wind have left the heavier particles together, a sand full of
large fragments of shell, and containing even many whole shells
of smaller species, may be obtained, and from the examination of
these an accurate conclusion may be arrived at as to the main
constituents of the finer and more comminuted sand, which is
driven inland by the wind blown up into dunes, and from which
the whole island above water has been formed.

The sand may be seen to be made up in by far its greater
part of the shells of mollusca. Species of Zellina, Cardim,
and Area, contribute most largely to compose the mass, together
with large quantities of pink-coloured fragments derived from a
Spondylus which is common about the islands. A few gastero-
podons shells contribute fragments, and a considerable number of
foraminiferous shells occur in the sand, and no doubt careful
examination would reveal the presence of fragments of tubes of

, corals, calcareous algw, Bryozoa, and Cirrhipede shells ;
but there can be no doubt that by far the greater mass is derived
from the shells of mollusca.* Thus, although the foundations .of
Bel‘m‘zlda and its natural break waters and protections, without wluc'h
1t would not exist, are formed of corals; the part above water 18
mostly derived from another source, and even below the water the
same is the case for some distance, for the same beds of sandstone
Were met with in an excavation carried to a depth of 50 feet.

The shells more or less broken are thrown up upon the bez_wh
and there pounded by the surf. As the tide recedes the resulﬁmg
ealecareous sand is rapidly dried by the sun, and the finer particles
are borne off inland by the wind, to be heaped into the dome-shaped
dunes, The rain charged with carbonic acid percolates through
t].le (!‘m%, and taking lime into solution re-deposits it as a cement,

dlﬂ_g the sand grains together.t Successive showers of rain
Y¢Curring at irregular intervals, some charged more, some less highly
With carbonic acid, and forming each a crust on the surface of the
dune of varying thickness, produce a series of very thin, hard layers
mt.he mass of sand, alternating with seams of less consolidated sand
Which are to be observed commonly on the surfaces of fres]} sand-

es. These layers or strata of the hardened sand follow in form
.-_-"__———_

#* 'S .
It would be of great interest to determine, by careful microscopic
tureg tion, what are relative percentages of the various calcareous struc-
“ﬂdﬁomposmg the calcareous sands of coral islands in different parts of the
» I collected specimens of all the calcareous sands accessible during
comy 2288 of the **Challenger,” with that object. They vary much in
Position, some being mainly foraminiferous.
- The process is described by Jukes, in his account of Raines Islet,
Oyage of the ‘Fly,’” p. 339.
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the contour of the dunes, and thus, where these have been perft
domes or mounds, dip outwards in all directions, with curvel
surfaces from a central vertical axis. Such an arrangement i
constantly to be seen where sections of the older rocks are exposed
I saw especially good instances of it in a small island, near Castl
Island in Harrington Sound. Where banks or long ridges of mnd
have been formed, strata following the surfaces of these in incliw
tion are produced.

All kinds of curious irregularities in arrangement are to be found
in the bedding of the strata, resulting evidently from the enc;‘mc]l'
ment of one dune upon the edge of another, or the action
various eddies of wind, or the burying of a small dune in the
edge of a larger one. In some cases an already hardened dun,
after having suffered denudation by the action of the waves, has
become buried in a more recent sand mound, and this proces
may have been repeated several times, as the accompanying
diagram showing the arrangement of bedding in some rﬂﬁkﬁ at
pastle Harbour will show. I saw no rock in Bermuda witha
Inclination in its bedding of more than 35° 30/, which is not md
more than the slope of some of the sand-hills,

Dana terms this calcareous sand rock ¢ drift-sand rock.”*

Nelson terms it “eolian formation,” in his account of the
geology of the Bermudas, }

Jukes observed that in Heron Island the main strata of fiule
careous rock composing the island dipped outwards from th,
loflgltudmal axis of the island towards the shore, north and st
With an inclination of from 8° to 10°, and Nelson observed sl
dispositions of the strata at Bermuda.

The rock at Bermuda presents all degrees of consolidation, fro®

beds of mere unagglutinated friable sand to extremely E:g
pact stone. The main component rock is a good deal softer

Bath stone. A much harder rock occurs at two places ing
islands only, and is quarried for the construction of fﬂl'ts'ﬂ i

?ed fragments of Sponds lus shell are especially well presé

1. A bed of lignit}ej Wastound at a dept% of 43 feet below tly a8
level in excavating for dockyard purposes, being ewden{slirudﬂ;
ancient peat bed, such as those which now occur in the ks, 8
overwhelmed with sand. Besides these primary san g A
conglomerate is being formed on the shore in some Plﬂ:::uﬁi:
posed of beach fragments cemented together, as usually

coral islandsg,
—-_//

- Dana, Corals and Corai Istands, edition 1875, p. 182 Bermdet
m + Major-General Nelson, R. E.,, On the Geology o »
rans. Geog. Soc., London, vol, V, 1840,
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DiscussioN.

Mr. WiLKINSON, Government Geologist, read his paper in reply,
as follows :—1I feel it incumbent upon me to offer a few remarks
upon the able and interesting paper which has been read, because
in it Mr. Tenison-Woods has put before us a theory not only
opposed to the views entertained by all previous observers as to
the aqueous origin of the Hawkesbury sandstones, but also to the
supposed evidence which I had the honor of bringing under the
notice of this Society, of ice action having been concerned in the
deposition of these rocks.

I am sure Mr. Tenison-Woods is desirous that we should
freely express our views upon this very interesting question, for
h:ad kindly gave me a copy of his paper several days before it was
read,

The paper, as you have heard, deals largely with the formation
of blown sand deposits ; and the description given of these is, In
nearly all respects, very accurate. I may, perhaps, be justified 1n
thus endorsing Mr. Tenison-Woods’ description, seeing that I have
made many examinations of blown sand deposits during the past
twenty years. I shall not, therefore, dwell further upon this part
of the paper, but I must take exception to the theory he now
propounds. Were it not that I have made careful examinations
of the Hawkesbury series in numerous localities, I might have

l some reluctance in questioning the opinion qf such an
eminent scientific observer ; and seeing that Mr. Tenison-W oods

happily given us a case in point, where Darwin’s theory as
t0 the formation of the Hawkesbury rocks hasbeen proved faulty,
Lventure to be a little presumptuous, and say that my friend’s
theory may be at fault also. :
: Mr. Tenison-Woods thus summarizes the result of his essay :—
. L. That the Hawkesbury sandstone is a wind-blown forma!:’wn,
Iterspersed with lagoons and morasses, with impure peat. I
do 1ot question the possibility of blown sand deposits occupying as
Extensive or even a larger area than that of the Hawkesbury
Tation. For instance, even in the Herbert and Diamantina
b ct, beyond Cooper’s Creek, there is a vast area, several
undred miles in extent, covered at intervals with blown sand
Tidges in the course of formation. My assistant, Mr. J. E
Carne, who has explored this tract of country, informs me that
Some of the sand ridges resemble huge railway embankments, and
gf: for a distance of 12 miles without a break. They vary

m 200 to 500 yards in width, and are about 60 feet high,

generally lie in the direction of the prevailing winds. Between
e are mud flats, liable to inundation. In the dry weather thﬁ
- cracks, and numerous large and deep fissures open In a
Uirections, g0 that in places you cannot ride across them, but have
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to take a circuitous route along the flanks of the sand n
The sand is of a red colour, and is evidently derived from the
ferruginous quartzite rocks (probably Cretaceous), which, in a very
fragmentary state, crop out at intervals, and form the Downs I
may mention another instance, though but a small one, wilh
which you all are familiar. The valley lying between Sydney and
Botany Bay is partly filled with blown sand deposits, while her
and there occur small lagoons, in which carbonaceous sediment ¥
accumulating. To a certain extent this illustration may serve ©
show sandstones and irregular shale beds in process of formation;
but only in a small degree will they resemble the sandstones and
shales of the Hawkesbury formation. The Hon. Francis Lord
informs me that on the Coronulla beach, which is exposed to the
easterly winds, the sand dunes have risen 10 feet during the last
sixteen years, burying up as they advance on the lee side the tres
and other vegetation. You cannot but be struck with the i
dulating and hilly surface of these blown sand areas. Now, i
you look at the beautiful sections exposed in the cliffs along the
Bondi coast, or in the smaller cliffs fringing the harbour, 0F
still, in those magnificent precipices in the Blue Mountains, p
most prominent feature that you will notice is the horizot
stratification of the beds of sandstone ; in fact, the parallelism of
main lines of stratification is a prevailing feature in the !I"“'
bury formation, and this alone is evidence of the beds having bee?
deposited under water. But in wind-blown formations such
fication is seldom seen to extend for more than a few yards.

Then, as regards the thinly-laminated shales, and ﬁBE-gmnts
33“_'315" ironstone shales, which sometimes occur between 1
main beds of sandstone, I do not see the necessity for
their origin to dust-storms; for, in their Jaminated stré oo
they exactly resemble the aqueous rocks of the C bho{wﬁ""
and other formations. Then, again, there are the car o
Bh,alP beds, which Mr, Tenison-Woods believes to be of &tud
origin, and to have been formed in lagoons or QR S
if you will closely examine these deposii;:?.-——ﬂ-'lljEl there oliff
many instances of them to be seen in the quarries o thst
about Sydney—I think you will come to the conclusion e
after the sand had been laid down, strong local currents &,
_channels and hollows in the sand beds ; then quiet water B““{:ﬂ
the fine earthy matter which could not settle in the currel hollo#®
drifted the sand along, now settled down in the shelter chat broke
and so far filled them up, until recurring currents €l dﬂl"”
up the layers of mud, or overwhelmed them with ﬁm:‘mgw
of sand and pebbles. The evidence of such changes ha nqﬂ“"
place is very clear. I will adduce further proof of thiher oo
origin of the Hawkesbury series, in replying o the O
clusions stated by Mr. Tenison-Woods.
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The second conclusion is, “That there has been no upheaval,
but rather a subsidence, which probably extends from the base of
the range to the sea.” This question does not bear directly upon
the mode of deposition of the sandstones, excepting as tending to
show that the rocks now below sea-level, if of wind-blown forma-
tion, must have subsided. It has always been the opinion of
geologists that there has been a subsidence of the area between
thesea and the base of the ranges near the Nepean, as stated by
Mr. Tenison-Woods ; but the arguments brought forward to show
that there has been no upheaval I do not consider to be conclusive.
It is said that there are no signs of upheaval, seeing that the beds
lie in nearly a horizontal position. But then the same remark
will apply to the Lower Coal Measures which occur near Wallera-
wang, at an elevation of 3,000 feet above sea-level, and are full of
npu'ifers and other marine fossil remains. These beds exhibit no
signs of disturbance, their bedding is nearly horizontal, like that
of the Hawkesbury rocks overlying them, and yet the upheaval
of them from the sea is unquestionable. In a similar manner
ﬂ}ﬁy.ﬂm found above sealevel in the Wollongong and Kiama
districts.  In fact, in most places where these marine beds occur
I a horizontal position, we have the Upper Coal Measures and
Hawkesbury sandstones overlying them ; but where they have
been locally disturbed and tilted up, as near Maitland, we find no
Hfiwl{esbury rocks, for it is clear that in this locality the over-
}ymg beds have been removed by denudation. At Mittagong, on
the Great Southern Railway, the great mass of trachyte which
forms the hill near the station has been upheaved through both
the Hawkesbury beds and the more recent Wianamatta shales.
We_ have evidence, therefore, on both sides of the Hawkesbury
t“m_lﬂ, of disturbance after the deposition of these beds; and I
behe‘i’fﬁ that the whole formation, and probably a great portion Pf
the pl'nding Range, was raised bodily from the sea without dis-
:ﬂrbu_;g the horizontality of the strata, except, perhaps, in a few
Ocal instances. We see that the vast Mesozoic marine forma-
tion .Of Queensland, which extends into this Colony about th.e
Darling and Mount Poole districts, has been upheaved in this

er.
&The third conclusion states *that the peculiar lamination of
© beds is due to the angle at which dry sand slips and rests
When blown by the wind.” This statement tends rather to weaken
support the theory of the ecolian character of the H?.wkes-
oy sandstones. The peculiar lamination, or « false-bedding” as
8011].::5““]1}' called, referred to, is a structure not confined only to
olian rocks, but it is met with in almost all sedimentary forma-
m whether of marine or fresh-water origin, and is regarded as
itive of more or less strong currents in shallow water. [ have
%D it frequently in different aqueous formations. Mr. Selwyn,
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F.R.S., formerly Director of the Geological Survey of Victors,
and at present the Director of the Canadian Survey, whose long
experience in geological surveying should entitle him to be con-
sidered one of the highest authorities upon the structure of rocks
speaking of the Mesozoic Carbonaceous formation in Victoria,
says, “ The character of the strata generally indicates that they
have been formed in shallow water, under the influence of strong
and constantly-varying currents, giving rise to much diagonal a.nd
wedge-shaped stratification or ¢false-bedding.”” The formation
referred to, which I have examined and surveyed in the Cape
Otway, Geelong, and Gippsland districts, consists not only of sand-
stone and shales, but of beds of coarse pebble conglomerates. Mr.
Selwyn also mentions that much * false-bedding” is observable 12
the sandstones of the older Grampian series. Jukes says, ¢ That
‘ false-bedding’ is a proof of frequent change in the direction _a-nﬂ
velocity of the currents which brought the sand and gravel 1m0
the water. * * Such appearances generally indicate shallow
water, and are often seen in cutting through an old estuary Of
delta.” Dana, in describing the structure of formations made
from river and oceanic action combined, and referring particularly
to sand-flats, such as that off the coast of New Jersey, w]nchllf
50 to 80 miles wide (nearly the area of our Hawkesbury formé
tion), says, “ The stratification or bedding is parallel to the gener®
surface of the flat, because the successive additions are laid over
this surface, consequently the bedding will be horizontal, or nearlf
0. The sand beds, where, in shallow water, and washed over bf_
the tidal currents, have often the layers obliquely la
Where there are strong flows of the tides between islands o
mainland, o among groups of islands, the materisl MAFESER
part pebbly, and oblique lamination may be a feature of the et
Actual instances might also be quoted from Lyell, Rutley,and ol
writers, of the occurrence of false-bedding in fres.h-ﬂt'er
marine deposits, as well as in blown sand-beds. WithoPers I
to the angle at which sand slips, and rests in air and 1 wﬁﬁ.
have made numerous observations. The highest angle t()t il
found upon the slopes of blown sandhills is 36°. At Lape i und:
in Victoria, there are splendid examples of blowns an

Some of them are about 50 feet high, and they are ireesiB
m]a:nd at the rate of about 1 foot a year, covering UP g expet-
their course. The highest angle that I have observed DY .
ment of rolling sand in water is 31°. Now the greatest s
that I have measured (and I have taken a grea many ™ is 8
ments) of the false-bedding in the Hawkesbury sandstie’ Lo
angle of 264° ; the prevailing angle is about 20°: In blﬂl thety
hills the angles of 30° to 33° are very frequent. Stil;e fi’w
were the Hawkesbury beds of eolian origin we should {ppartash
angles of inclination greater than 26}°. This 15 8% .
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point, and tends to show that this false-bedding is due to currents
of water, The prevailing direction of the dip of the false-bedding
is towards the north-east, showing that the currents came from the
south-west ; but there are often seen beds with the dip towards
other directions.

Mr. Tenison-Woods’ conclusions Nos. 4 and 5 refer to the origin
of the ironstones. I do not consider that the irregular bands
mentioned represent old land surfaces, for the bands not only
eurve in all positions but are sometimes vertical. They may be
well seen in the cuttings along the Great Western Railway be-
tween Penrith and Lithgow. Most of them have been formed
from the oxidation of iron in solution in the water, permeating
the sandstones and shales and the joints traversing them. Pro-
fessor Liversidge has made analyses of these ferruginous bands.

Conclusion 6 states that “The smaller gravel may be wind-
biown, the larger may have been derived from creeks. This isalso
the origin of the fragments of shale. - The creeks have undermined
them, and broken them up.” The smaller and larger gravels are
Mcluded in such a manner in the sandstone beds that they have
evidently been brought by the same currents that transported
the sand, and which I have already alluded to. It is very un-
usual to find creeks traversing for any great distance blown sand

8 for such a distance as these must have done, for the rounded
Pebbles of the larger gravel (which are sometimes over 6 inches
In diameter) consist of quartzite, black slate, quartz, silicious slate,
&e, 1ifrlzlich may have been derived from the Hartley ranges, some
60 miles distant, which are the nearest formations of the character
of the .pebbles. Amongst the everchanging surface of wind-blown
Sands it iy very improbable that the courses of creeks would have
n Buﬁiciently constant to have enabled pebbles to have been
“uveyed by them for such a distance ; whereas the transport of
Pebbles for a great distance by marine or estuarine currents, and
1;md-epf’%iticm in the manner in which we find these, is 'w:ell
h OWD. As regards the shale fragments, if you closely examine

“t mode of occurrence you will see that they have not been
aboeﬂnmed by creeks, for many of the fragments lie immediately

: Ve beds of shale that have not been disturbed. The sketch
fﬂmfi before you shows one of the fragments, 12 feet 1n length,
I ted up and laid upon the unbroken part of the shale bed. Bub

evid again refer to these shale boulders when speaking of
ence of ice action.

&OmRCIHSion 7 states that “ conglomerates may have been derived
Th Stony deserts such as we have in the centre of Australia.
th:Y Tepresent all the stones of a sand-hill district from which
sand has been blown away.” It is impossible that.ths
;ngl"memt&s in the Hawkesbury series could have been derived
€ manner just mentioned. To satisfy this theory the
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conglomerates must occur at the base of the series ; but they do not.
Rounded pebbles are certainly found all through the series from
bottom to top, but the conglomerates occur principally in the upper
most portions. Our former distinguished Vice-President {the late
Rev. W. B. Clarke) mentions this fact in the passage quoted by
Mr. Tenison-Woods at the commencement of his paper ; and Darwin
also states that the pebbles increase in number and size in the
upper beds. I have examined many sections of the Hawkesbury
formation and have not observed conglomerates at its base
Near Govett’s Leap the conglomerates are cemented by iron
manganese oxides ; the pebbles are generally small, but some
them are over 2 inches in diameter; a specimen taken
this locality containing a hard sandstone pebble is now on the
table before you. I also exhibit specimens of the conglomeraté
from the Woolloomooloo quarries, as they well show the different
kinds of the large pebbles, as well as the angular fragments of
shale. As you approach the.western margin of the Hawkesbury
formation, near Marulan, you will find the upper sandstone beds
gradually pass into massive pebble conglomerates of great thick-
ness. This is just what we should expect to find on the marg®
of an old estuary or lake. In the cliffs at Bondi, and elsewhere
about Sydney, you may see small beds, 3 feet thick, of pebble
mqglomerate. In their mode of arrangement the pebbles 8ré
plainly seen to have been deposited by aqueous agencies.

Conclusion 8. “The precipitous cliffs of the Blue Mﬂunfaimﬁ':
the hard central cores of sandhills, the loose portions of ¥ o
have been easily blown or washed away.” The horizontality ¢

the beds and their structure, which I have already descri n:!:;
obviously against such a supposition as that now stated ; 1 e,
not therefore again refer to this. The precipitous cliffs of ares
stone, and the sloping surfaces of the underlying coal ME
where exposed, plainly indicate the nature of atmospherica

that han.re given them their picturesque shapes. But as

the subject of the denudation, or scooping out, of the great ¥
which furrow both sides of the Main Dividing Range, and %ﬂ
views have already been published in the « New South BG.
Railway Guide-book,” I will not enter upon the subject 8¢
present time.

_ Conclusions 9 and 10.—¢“That in all respects the sandshﬂl;;
like many desert formations of the interior,” and * ']?h“”' 4
and arid or desert region has existed in Australia 10 Mesotot®
tmltis, while to the north and north-west there was & Crﬂﬁ
sea.” In reference to these conclusions I will only I_-emark
many of the “ desert formations of the interior” do all I hsve
resemble .the Hawkesbury formation, then, from T'Fha{i;;ha‘ ey
already seen of this formation, I very much question
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were formed in “a large arid or desert region.” And it is not
improbable that the Cretaceous sea spoken of extended to Western
Australia.

Regarding conclusion 11, we know that after the Cretaceous
and during the Tertiary periods great voleanic activity was mani-
fested along the elevated land which forms the Great Dividing
Range ; but with the exception of a few places along the crest of
this range, I do not think that these eruptions altered the drain-
age, for we find that the old Tertiary drainage channels, or
“leads,” as the miners call them, took the same direction as the
present ones ; and the present range of Paleozoic rocks which ex-
tends through this Colony and Queensland, and the lateral range
which branches off from it near Orange and stretches away to the
Grey Range, must have existed in Mesozoic times, as they evi-
dently formed the eastern and part of the southern margin of the
Cretaceous sea.

Conclusions 12 and 13 T need not now refer to. ~ No. 14 states
that “there is no evidence of ice action, and all the physical
features are against such a supposition.” Now, the mode of
Occurrence of the angular boulders of shale, which I described in
a paper which I had the honor of reading before the Society last
year, I can only attribute to the action of ice. I do not see that
the physical features of the period when the Hawkesbury rocks
Vere deposited may have been against this supposition ; on the
Wntr?n-y’ I think they may have favoured it, for on the western
largin of the Hawkesbury area, near Bowenfells, we find that at
east a thickness of 10,000 feet of the Devonian formation has

n removed by denudation. This is no supposition ; it is fact,
3certained by actual measurement of the denuded strata, as shown
Jpon my geological map of that district. What may not then

ve been the denudation of the remaining margin of the Hawkes-

ury area? Besides, we do not know the extent of the subsidence
of the eastern margin of the Hawkesbury area, as Mr. Tenison-
00ds has justly stated in his 12th conclusion. I do not look for
My of the signs of ice action mentioned by Mr. Tenison-Woods,
e I do for certain signs that he has not mentioned, and they are
hed:lgns of ground ice. At different levels in the series are thin
of shale, and the sandstones immediately above these shale
iy fre‘ilumﬂy enclose angular boulders of all sizes up to 20
*% or more in diameter. These boulders have been torn up from
underlying beds of shale and embedded in a very confused
Manner in"the sand and rounded pebbles brought by the trans-
t currents. The angular form and mode of occurrence of
hﬁe bouldt_ars of soft shale evidently show that the shale beds
P}L%bﬁen dlsturbed by moving ice. Professor Julius von Haast,
g, F.R'S., Director of the Canterbury Museum, New Zealand,
examined these boulder beds, and expressed to me his
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opinion that the underlying shales have been broken up by
“ ground-ice.” In December, 1879, I contributed a paper on this
subject to the Royal Society of New South Wales, and Professt
W. J. Stephens, M.A., communicated to the Linnean Society of
New South Wales the results of similar observations-mlf‘.ﬁhl
himself of the Hawkesbury rocks in the Upper Nepean district

Professor STEPHENS said : When I heard last Wednesday amost
ingenious account read by Mr. Woods on the geology of Oﬂfﬂ‘ﬂ'
stone, I felt I should like to have some opportunity of answeri3
at least one or two details, but as the time was Bhﬂl"t on that
evening, it was suggested and resolved that the discussion SioT
be deferred to an adjourned meeting. On Saturday, o
when the last instalment of his paper appeared in the i
Morning Herald, I set to work upon the subject with so 0
good-will that by yesterday morning I had completed mm%!lmg
like forty octavo pages of matter. Fast writing 1s pro
slow reading, and haste precludes brevity. 1 have Vi for
excised the greater portion of what I had pmpfi-l‘ed: and ofer
your consideration only the following remarks. ,

nted with

Mr. Tenison-Woods states that “ we are not acqualn "
any existing sea-bottom utterly destitute of marine ““m;lmmm
no matter what was the nature of the bottom. Forat the
at least, were always found, and these have existed o mol
earliest geological periods.” Now, so far as sea-bottoms & in ol
or calcareous matter are alone regarded, this proposition n& the
probability correct; and thus, so far as the fomﬁw
Hawkesbury rocks is alone under consideration, the that M
which depends upon it is just. But I do not SUpPOsh "o e
Tenison-Woods needs to be reminded that the same © the firs
late Professor Sir C. Wyville Thomson, F.R.8., who s
to demonstrate the existence of a previously unsuspected & also 0%
and variety of animal life at almost abysmal depths B ©
authority for the occurrence of vast beds of an ism, 804
which are perfectly destitute of any vestige of life or organist W”
are now in process of deposition over large areas of 4 indicat®
profundity. Moreover, whatever our present seas l'nlgh jons
we must not forget that there are many ancient ma.rm&ﬂ highlf
not metamorphic in structure, and composed of s eru;dﬂry
capable of preserving animal remains, which are, 1% © ¢y of o8
thousands of feet in thickness together, 3}’301.'“1;81? df@’k
evidence of contemporaneous life, although isola sh ow that?
after long searching—one here and another there wﬁj‘-'
great variety of animals of highly complex organi?l ‘tmﬁ"
fwtw?':a more of a simpler structure, were in € 00ds’ M
of their deposition. The weight which Mr. W] ,,uﬂ‘
naturally lends to every statement which he M&EE-
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necessary to notice this, lest an incautiously worded sentence
which, after all, is generally true, might be accepted as one of
absolute and universal application.

Under the head of Stratification, Mr. Tenison-Woods gives an
account of the false-bedding or oblique lamination so character-
istic of the Hawkesbury sandstones, and insists with perfect justice
on the extreme prevalence of this phenomenon in their stratifi-
cation. On one point, however, I must express my doubts. He
states that * the irregularity of the dip of the false-bedding is
surprising ; in a few feet the dip will vary in almost every direc-
tion and angle, though rarely at a greater one than 25°.” Now,
Ihave for many years habitually examined every example of false-
bedding that has fallen under my notice; but I have done this
only in order to see in what direction these particular sands were
moving when they formed these laminz, or, in other words, accord-
Ing to my own view of the formation, to ascertain what was the
general direction of the currents which drifted the said sand.
Cﬁnsequently I never took special note of the amount, but only pf
the direction of dip, or, which comes to the same thing, Idis-
regarded dip, and regarded only strike. I can, therefore, only
State my strong impression, without actual measurement, that the
angle of dip is almost constant, varying very little inde:ted. I
should in any case have paid little attention to sections, as in these
the true obliquity of lamination is only seen when the plane of
section happens to be at right angles to the strike of the laminz,
the angle gradually diminishing as this plane becomes more nearly
Parallel to the strike, until, when the section is along the line of
strike, all obliquity disappears. In other words, the apparent
Inclination of the laminee, as seen in section, varies from (say) ?5
t 0°, as the angle which the section-plane makes with the strike
varies from 90° to 0°. This consideration has always led me to
®Xamine the false-bedding only where its planes are thoroughly
€Xposed, as in the water-tables of mountain roads, river beds, and
In those flagstone quarries where this structure gives special value
to the stone. And my impression—I am sorry that 1 cannot
Substitute a more positive term—after observing many hundreds
of examples, is that the angle of oblique lamination is very nearly
“nstant, and very near, but I should have thought less than 25°.

am quite alive to the absurdity of opposing mere impressions to
€Xact observations, and do not expect to have my general recol-

ons weighed, even for a moment, against the statements of Mr.
Tﬁnmon—Waods; but this impression is so strong upon my mind,
t I could not refrain from putting it before you as part of the
defence of Water against Wind. I have not been able to leave
Sy dney since the original paper was read, and am therefore unable
8t present to verify my statements, as of course I am bound to do
OF surrender the point, On this head Darwin is clearly in error,
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first in stating that the dip of the laminz is frequently as highss
45°, and, secondly, in referring them to disturbances of the sa
during storms in which ¢ the bed of the ocean is heaped up during
gales into great ripple-like furrows and depressions, .w]mh -
afterwards cut off by the currents during more tranquil
and again furrowed during gales.” For my own part, I have ©
doubt that this lamination is in general caused by the flow of watr
carrying sandy or other detritus from one level to &nﬂfh“' A’
the grains fall over the verge they arrange themselves anl_opms
beds, descending to the lower level. This slanting front is Imue
diately covered by another thin course, dipping at the same
This process I have often watched in the sands of Morecambe Bay.
It is, in fact, this drift of wind-and-water-shifted sands f¥
changes with such rapidity the river courses in that estuary: bt
channels are continually but gradually altering at every B4,
the principal cause of their sudden and dangerous alteraions &
believe, the action of the wind on very thin sheets _Of water nm;
ing very quick sands. And the layers so deposited are ;ﬁm
solidified, the laminz of the oblique or cross or false §
%f d“’hich we have such abundant illustration in the HaW

eds. :
The broad band of red stone exposed in the upper cuﬁhﬁ):
the second Zigzag deserves further investigation. I d"o:;m
sume to question Mr. Tenison-Woods’ views as 10 its § ber of
but only to indicate that it appears to form a distinct ]Eem to
the upper beds, which may serve as a geological benct’ it comr
which other portions may be referred. For not only 1sd
tinous along the range of Hassan’s Walls to BOWEBEEIB’G;E bus 8
to Mount Victoria and the neighbouring cliffs to the simﬂﬂw
similar rock appears at the top of the Bulli Pass, an i’ 4 drill 8
of much greater thickness were pierced by the iy m:omppﬂ
Sutherland. T think that Dr. Hector was inclined from #°
that in the latter case, at least, it marked the ngihisﬂ i
Carboniferous to the Hawkesbury beds ; and t]:!ough the wester®
the ascending scale would throw the lower portion b
cliffs into the coal measures, yet the idea deserves mnzlmw
_ The undulating character of the true surfaces c'fenisﬂll"i’irﬂﬂ‘h
1s frequently and emphatically referred to by Mr. Th i Dhnr"d |
And if such irregularities of deposition were anyw : in sect®”
in the Hawkesbury rocks as are generally to be-mnﬂe
of wind-blown sands, where the planes of stratification 8% %, o
h?.rdly ever, even approximately horizontal, time 0
dquction according as the wind might veer PO '
during their formation, it would be impossibl sali of %
completness of his demonstration ; but the horZet Ty, jpd®
H?wkesbury beds is their principal feature. GLM
thicken here and thin out there, and their surfaces |
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not truly horizontal ; but they are horizontal enough to be called,
as they are by Darwin, Clarke, and Mr. Tenison-Woods himself,
horizontal rather than undulating, and to show that water was con-
cerned somehow or other in their levelling. We may admit that
where exposed sands are saturated at a certain depth with water, the
friction of strong or continous winds will plane down all elevations
above that horizon of saturation, and leave a surface as flat as those
In question ; but is it conceivable that wind, independently of water,
should blow sands into horizontal beds ?

Again, the materials of which the partings which separate
ﬂm@_iﬂ beds are composed are arranged in laminze, which are * thin,
horizontal, and rather difficult to trace.” They are sometimes not
t be traced at all ; and, where they do exist, they may quite as
well have been the result of the burying up of fresh-water alge or
other aquatic plants by successive layers of sand under water, as
of a similar overlaying of a land vegetation, including, I suppose
t"_eﬁﬂ: stems, and branches, with hard woody tissue, or at lea_st
With nuts or the like, which might as well have been preserw:ed in
thﬁ' partings, as casual fragments of the kind have been in the
termediate thickness of the beds. Now, Mr. Woods does,
deed, allow the action of water in swamps or pools, and n
treeks, of which action the shales intercalated in the sa.ndston.e give

uent indications. They have been, he says, deposited in the
SWamps, and subsequently eroded by the creeks. And this would
count for many, but not for all of the phenomena presented. I
fWote Darwin again : “In several parts of the sandstones I no-
hged patches of shale, which might at the first glance have been
Wstaken for extraneous fragments ; their horizontal lamine,
however, being parallel with those of the sandstone, showed that
Uey were the remains of thin continuous beds. One such fragment
(P!‘qba.bly the section of a long narrow strip) seen in the face of
& Ciff, was of greater vertical thickness than breadth, which proves
that this bed of shale must have been in some degree consolidated
ifter having been deposited, and before being worn away by the
“Wrents.  Hach patch of the shale shows also how slowly many
of t!le Successive layers of sandstone were deposited.” E_xﬂ-m_PIe“
% Stmilar erosion are common ; an excellent one occurring in a
{Uarry to the west of Rushcutter’s Bay, which is duplicated by a
ﬁﬂy parallel section at the foot of the cliff to the east of Wol-

Mooloo. The evidence in favour of the existence of strong
‘Urents of water is unmistakable. They have cut channels

Tough sands and shales, and filled them up again, sometimes
Vith stuff derived from the immediate neighbourhood, containing
&"ﬂmenta of the already indurated beds, and sometimes w1:t11 clean
“d which may have been drifted some distance. Such rivers are
2%t be found in a system of sandhills, unless the dunes be
formeq by the river, or intervene between it and the sea.
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Though the sandstone is generally fine-grained, yet it oftenbe
comes gritty and coarse-grained, sometimes so much so as to pas
ratherinto a conglomerate. And the conglomerates of the Hawkes
bury rocks are, so far as my observation extends, of two distinet char-
acters. One, in which the pebbles are chiefly or entirely of quart
very imperfectly rounded and almost always cemented by iron
sandstone.  Such rocks are common néar Mount Victor
Katoomba, and many other spots on the mountains and el
where. In the immediate neighbourhood of Sydney, however
there is a locality very easy of access and examination, in
this formation may be observed. I mean Clark Island, .oﬂ' Rose
Bay. (Specimen produced.) Where the iron cement is 808
I observe the quartz pebbles to be smaller, whiter, and very ﬂjﬂlf
separated, as in many places about North Head, &g
Heights. The larger pebbles are often, as may be seen, m‘"’ml
by ferruginous veins, which, however, may not have been Imprs
nated previously to their being imbedded in the composite e
The second form of conglomerate is much rarer, is not very
ginous, and contains larger and well-rounded pebbles of ““"m
rocks or minerals. T observed a good instance last year, 1 i
pany with the Rev, Dr. Woolls, in the gorge of the Grosé i
about a mile, as I should guess, from the junction of the B e
wood Creek, or two miles below that of the Burralow. 1638
ntercalated with and passes into the sandstones, and has offz
much the appearance of a reconstruction of the ma Wir
older and more massive conglomerate, such as is found at p
burndale, near Kirkconnell. It may, indeed, be sup heen it
the point which I have mentioned the coal measures have P,
: i -~ as
Into and exposed by the river. Perhaps this is the fact, ot
tainly is a few miles higher up. I can only say that,
strongest desire to find indications to that purport, Ty
obliged to acquiesce in their absence. Now, wha,t-evﬂfm
been the origin of the first class, or quartzose conglom pably of
second are undoubtedly of aqueous, and in many cases P they
fluviatile origin. But if the first are, as in some locﬂ]l&:':! o
may appear to be, of aerial origin, owing their coarse ¢ for the
to the sifting action of the wind, one is puzzled to BWE““ constat
quartz being able to travel so far to the eastward, ‘m;w
attrition by blowing sand during the whole pel"‘-"d mIJ;
tracted travel, and yet to remain rough and anglﬂfi";ed’ pe thet
becoming perfectly rounded and polished. It may, indees,
origin of these fragments is to be sought much nearer ! gandston®
3b0de.. n some of the trap dykes which intersect thaheirs"d
If this be not the case, I cannot but think that * <5 no 45E°
character is adverse to the pneumatic theory. There ! s (P
ence of character that I can see between these two SPe flﬁﬂ
duced), one of which is from Katoomba, and the 0ther” |
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Island. If, indeed, any of our conglomerates were composed of
concretionary lumps, I might accept Mr. Tenison-Woods’ theory
50 far as they were in question.

Once more, as to the horizontality of the beds. The general
slope of the original surface from the base of those eminences, such
a8 Mount King George, Mount Tomah, and Mount Hay, which
have been preserved from denudation by their caps of basalt, down
to the eastern escarpment, is of course determined for us by the
summit levels of the various ridges which remain as watersheds of
general drainage. This slope, which is at the rate of 100 feet per
mile, presents all the appearances which would lead one to suppose

t it was a plane of marine denudation. I am confident that no
one contemplating it for the first time could come to any other con-
thision. But, as Mr. Tenison-Woods justly urges, marine action
Sout of court.* The “ plane of marine denudation” must there-
fore have its name erased from the evidence, in spite of its extreme
Plﬂusibi]ity. And we shall be assured that no mistake has been
Wade in this when we observe that the underlying coal measures
slope in precisely the same manner towards the same quarter.
Then the question occurs,—Were both formations constructed
pon a pre-existing slope, to which their own bedding was accom-
modated ; or has there been a general movement of elevatior} in
the west, and depression in the east? I am certain from examina-
tion of the phenomena of the Hawkesbury valley that its bed must
8 one time—perhaps as far back as the period which we call Cre-

Ceous—have been several hundred feet above the sea, and that

"}thin the Tertiary epoch it must have been at least 200 feet

her than at present. These considerations induce me to con-
tude that there has been a movement, though not perhaps to a
YeTy great extent, and certainly not such, either in direction or
extent, as to raise any marine formations above the sea, but rather
the contrary.

The portions of Mr, Woods’ paper which deal with -the shape
of the sand-grains are exceedingly interesting and important.
The recrystallization, or epicrystallization of the quartz had indeed
been previously considered by the late Rev. W. B. Clarke ; but
10 one, so far as I am aware, has previously attempted to apply
to tl_le Hawkesbury rocks the tests of roundness and angularity,

guishing water sands from wind sands. And although

orphic action has obliterated, as the author Iam}ants, the
::‘mcteﬁstic form on which he relies, there are abundant instances
h&h&.l‘e the grains have remained unaltered, and testify to their

Ving at one time or other suffered attrition, or rather contrition,
W long protracted periods of sand-drift. But though their
-'-‘-"'""'—-—-__

*1 think it g i the great scale
oes not follow that all operations of water on the grea
¢ excluded also. There are other water-gods besides Neptune.
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sphericity testifies to their having once been blown sands, yet that
1s a character so hard to destroy in such a material as quartz, except:
ing by molecular change or metamorpnism, that it cannot be relied
upon as a proof that all sandstones composed of such globules are
of aerial origin. Nay, the same sand-grains may have been rounded
and polished in times so remote as to have formed eolian beds &
far back at least as the lowest Silurian ; for the Potsdam sandstoné,
which is regarded as homotaxial, if not contemporaneous, with the
Lingula beds, is largely composed of such materials, forming
evidently, an aerial deposit. Such rocks may have been—or
rather perhaps have generally been—again reduced into theircor
stituent grains, which have again been composed into a later sand-
stone, either aerial or aqueous, and that either marine or lacustriné
Out of the ruins of this another is built up, and oub Of. ﬂna, p
course of time, another, while nevertheless, in spite of their vicis:
tudes of association, the individual grains retain their sphericith
unimpaired from age to age. At the same time, it seems 1ot 1mpro
able that the Hawkesbury sands were actually in the wmd
condition immediately before their consolidation, and up
reached the water in which they were to be arranged H and I am
ready to accept, in deference to the authority of Mr. Tenison-} oodi
his explanation of certain phenomena in certain ]Dm]m"?:ih
satisfactory account of their causes. It is very possible tha, o
certain portions of this huge sand-drift were being Sk
consolidated in water, on a large scale, other portions may %
been similarly consolidated on land. It is only with referenc® I
the relative importance of the two processes in these T0C58 = gar
venture to differ from the author*. ~No other hypothesis has
been presented, I feel confident, which so satisfactorily W""““@-
* for the collection of the greater part if not all of the Blue
sands, in their north-western range, as this which has now it 4
posed by Mr. Tenison-Woods, It may seem doubtfulz ho origid
Wwhether the southern and coast ranges are of exactly i west of
on account of the great height of the dividing range M
them, But if the basalt of the Crookwell and G}"ﬂ the
ranges be, as it may very well be, of more recent origit
sandstone, then the sands may have blown up along th;,mbsﬂf
lmea.of the Lachlan and Abercrombie valleys, at that #me FEt
nothing like so rugged as at present. ¢ MM
If I should venture to propose an hypothesis ﬁﬂ
account for the geographical position or local fixture of, the
the western portion of this great sandstone, I ﬂWf
. "1 suppose these sands to have been, in the main, derived fwmthtrwﬂ-“-- ;
;llll%;)f the Carboniferous and older sandstones which l:EP“’to sand MY _i" :
gh I would not venture to say that a portion of the ﬁ';;rmk m#
have been from the far interior ; but I should I
source the more probable for the formation as a whole. o
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unbroken line of igneous eruptions which marks the whole course
of the dividing range, from the ridge between Cassilis and the
Talbragar, itself volcanic, down to the culminating points of the
Blue Mountain Range. The summits between the Cudgegong and
Taron on one side, the Goulburn and Colo on the other, Mounts
Wilson, Tomah, King George, and Hay, which are all understood
to be capped with trap, lie nearly in this line, which is then un-
broken by visible eruptions along the line of the upper Cox
drainage, until similar outbursts again appear on (approximately)
the same axis, west and east of the great Wollondilly hollow.
Now these visible cappings of volcanic rocks are later than the
sandstone, and have therefore had no influence on its deposition ;
but it is reasonable to suppose that they are only later outbreaks
of the same energy which had previously formed a (possibly })roken)
range, penetrating the carboniferous beds in the position and
tion above mentioned, just as the main Liverpool range does,
Mnning, as we see, nearly east from Casilis, and therefore almost
at right angles to its southern extension towards the west. From
the terminal point of this extension we see upon the map a most
extraordinary streak of sandstone, forming the Main Dividing
nge, but at right angles to the south-western extension o_f the
mnge. It is like the handle of a frying-pan, when the pan itself
represents the Hawkesbury basin, and, until T had the pleasure of
earing Mr. Tenison-Woods’ paper, appeared to me quite inexplica-
le. Now, onthe contrary, it appears the most natural thing in the
world.  Girant that a sand-drift existed from the westward, blow-
g for ages unchecked along the broad open of the Talbragar, and
Nsing to the crest of the dividing range at this point—itself of
en recent origin—then, it would assuredly form on the lee, if
Wtalso on the windward side of the elevation such a stripe of sands
—ultimately to become sandstones—as we find there. Ifthis vol-
@nic ridge extended along the range to the southward—and what
n be more probable %—similar sand-drifts up the valley of the
fon and Macquarie would, in like manner, accumulate about 1%,
¢ in time also converted into sandstones, and to be capped in
Particular points by subsequent eruptions along the same general
€. The sands, or sandstones, not protected by this capping,
hﬁve been subsequently removed, partly, I am ready to believe, by
Wind, but partly also by the action of water.
In illustration of Mr., Tenison-Woods’ argument, I may refer to
€ wind-drifted sandstones of the Namoi. In the open valley
between the Nandewar and Willela ranges, there are no sandstones
ve the general level, except those of carboniferous date, which
Ve often been hoisted to a great height on masses of_el.'upted fel-
;i“nﬁ, as I should term it ; but large hollows in the original valley
e been filled by a fine white quicksand, evidently of eolian forma-
ton, in which water is abundant, as for example, at Killarney
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Station, north of Narrabri. Similar formations, very little above the
general surface level, and below the sometimes emerging sandstones
and conglomerate of the Upper (?) Coal, are seen along the Bullawa
Creek and elsewhere. The only fossils I could obtain in these
are obscure remains of vegetable structure, with a few well-marked
fragments of cycadaceous plants. Here, I repeat, in the broad
open valley which runs without a break up to the head of
Breeza, Plains, or rather to the Gap, where there is a station on
the Narrabri railway line, there areno sand-hills worth mentioning;
but to the southward of Boggabri, where the ranges which separate
the Terrabeile Creek from the Brigalow form a breakwind, we
have a capping of undoubtedly eolian sandstone. This the
Willela range, has a very gradual slope to the west, but endsina
very steep escarpment upon the east, resting there upon beds of
shale which are so ferruginous as to deserve the name of iron or,
and which overlie conformably the sandstone and conglomerates
which there cover very thinly the actual coal. These rocks are
something like some of the upper beds of the Hawkeshury roeks
between Blue Mountain line and Mount Victoria ; but they aré
not indurated like the greater part of the formation, and are mucl
shallower.  From their position, overlying as they do the Carbont
ferous beds, they may be really coeval with the Hawkesbury’s
and the vegetation is very similar though richer. hstn
At the same time, the general appearance of the strt}ﬁlﬁ“m
and composition of the rocks forming the Willela range m_sﬂm
different from that of any portion of the Hawkeshury series &
while I admit that its geographical position and evidently
character serve to illustrate, and to a certain extent 0 corre-
borate the views which My, Tenison-Woods has so VX
maintained, I am nevertheless bound to fix my at-wnm$
the points of dissimilarity rather than on those of I'esembllowﬂ!i
and to infer that different modes of deposition have been gt
In the two cases. If the Willela range is of entirely aerial ES;'_
as seems certain, then it also seems probable that the Blue
tain beds are not. : defer
I regret that, for reasons already stated, I am thsed mtuﬁf'
the further statement of my own opinion upon this very desire
Ing subject to a future opportunity. Meanwhile I sho of the
to express, in as emphatic a manner as possible, my sensé our
S all
great obligation under which Mr. Tenison-Woods has meeh
geologists, even though his views may not in all % t0
with unqualified approbation or assent. It isa gl:mt.be added
have made the first sketch : details and corrections
from time to time, not P&
Professor Liversinee said -—I am sorry to say I h:“e and
pared any written criticism upon Mr. TenisOﬂ-W"“d’ P‘P"_Iﬁ
that, in consequence, as compared with the previous '

|
!
;
]
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very much in the position of a guest unprovided with a wedding
garment ; but I made a few notes at the time Mr. Tenison-Woods
was reading his paper, on the copy he kindly placed at my disposal,
and I may now, perhaps, be allowed to refer to them. I think I
was appealed to by Mr. Tenisor-Woods in one or two cases, and
perhaps it will be best for me to comment upon those matters in
the first instance,

If I recollect aright, Mr. Tenison-Woods appealed to me in
reference to the composition of the cementing material of the
Hawkesbury sandstones. There is, I think, no doubt that for the
most part this material is of a felspathic nature. Even on the most
superficial examination the sandstone is at once seen to be made up
of more or less rounded grains of sand, upon many of which a
erystalline structure has been developed by metamorphic action,
cemented together by a felspathic paste; in addition, scales of
mica are usually visible, and smaller quantities of less common
minerals. This sandstone has been probably derived from the
dlﬂlllteg‘mtion of a granite or similar rock ; the grains of sand
represent the quartz, and the felspathic cement the felspar of the
orignal rock ; the mica scales, being light and more easily decom-
Posed, have for the most part disappeared; some of the rarer
Minerals present in the sandstone were also derived from the
original granitoid rock, but others have doubtless been formed in
It subsequently. :

Then there was a question as to the presence of hyalite—a
hydrated form of silica. I am mot quite satisfied that hyalite is
Present in quantity. The impossibility of obtaining a good section
of the sandstone renders it very difficult in some cases to say
Whether the fragments are particles of crystallized quartz or
Particles of the non-crystallized hyalite. “When you can prepare a
god section of a rock for the microscope, the use of polarized
light will generally enable you to distinguish between the two,
but the sandstone is far too friable to permit of this; accordingly
Lam not satisfied that ¢ hydrated silica has acted as a cement be-
tween the particles,” as stated by the author of this paper.

e next question was as to the origin of the masses and layer
of ironstone in the Hawkesbury rocks. There can, 1t hink
be no doubt that the theory first put forth by Gustav Bischof,
%d now suggested by Mr. Tenison-Woods as an explanation
of the presence of the oxide of iron in these rocks, Bﬂﬂ.iclently
dccounts hoth for the presence of, and for the peculiarities pre-
Sented by, much of the ironstone, but not for all. Probably
me of the larger horizontal bands or layers have been formed
™uch as we see bog iron ore deposits accumulating at the present
ﬂ:{ thoThe larger veins have perhaps been mﬁd by mcf-leth:z::f’y

smaller irregular veins, and the ar concretl
Masses, have probably been formed in a somewhat different
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way. In the first instance, it may be assumed that the oxide of
iron was fairly uniformly diffused throughout the rock, but has
since gradually segregated together until it has formed a compact
mass, vein, or layer. It seems to be an order of nature for cerfain
like particles to collect together. In many cases you will see
nucleus of brown hematite in this sandstone surrounded by con-
centric bands of a brown colour (also oxide of iron), which get
fainter as the distance increases from the central nucleus; llld_I
think that in most cases, certainly, there is no doubt that this
oxide of iron was originally uniformly distributed throughout the
mass of the rock. The calcareous and other concretions found in
clays and shales often afford striking instances of the tendency
of certain substances to separate out from the materials through
which they are diffused and collect together to form nodulesaud
veins.

I do not agree with Mr. Tenison-Woods that there is no evidence
of upheaval ; it is true that the beds have not been tilted to any
extent, but if the rocks were deposited under water, then
must have been upheaval to account for their present great
tion in many parts. My own idea as to the origin of thﬁ
Hawkesbury rocks has hitherto been that they had been depost
by water, and had since been elevated or upheaved ; but nov
I_ have heard Mr. Woods’ paper I candidly confess that I
like to study them afresh, to turn aside all prejudices, i
de novo. T regarded them as of fresh-water origin. (?f coursé,
they should prove to be of eolian origin, then there is the e
necessity to assume that upheaval has taken place. Mr. Tonusin
Woods states that the area occupied by these rocks is far too;h‘;“:
for them to be of fresh-water origin; but I do not think that ¥ e
1s very much importance to be attached to this objection, MM
area covered by them is not very many times greafieft, _
now occupied by the Caspian Sea, the water of which 15 875
fresh, or by the Canadian and North American lakes, all of ¢
are forming fresh water or lacustrine deposits of large exten %
_ 1t is stated, too, that aerial or wind-blown rocks are ol dis
1zed by certain peculiarities, and that *they are most of also
tmg!fls.hed by large irregular undulating layers, 17]1101} mt;mly
subdivided by lamins, with every kind of dip snd dlrecﬁl?;ﬁm ;
exceeding 23°. Now [ am prepared to maintain that this Tthink
on}y belongs toeolian rocks, andisneverfoundin any other.” oo g
thzs. statement is open to discussion. The peculiar “hmjﬁ&-_ |
lamination is not, I think, confined to eolian sandstones .w ;
structure is not at all uncommon in the sandstones of rocks:
gﬁ?{ﬁumq and in the Gre@e;sand beds of the Grfem%

1y all writers upon geology refer to instances O gueh
of this particular kind ing sedimentary rocks, and figures &ﬂ
are given by De la Beche, Lyell, and others: =
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I agree with Mr. Tenison-Woods that the evidence as to ice
action in the Hawkesbury rocks is not at present sufficient to
warrant us in attributing the presence of the shale boulders to its
agency. It is true that I have not made a special study of glacial |
deposits, but I have examined many of them of various kinds in the
old country, and I have seen nothing here resembling them. The!
mere presence of angular masses and fragments of shale is in itself .
not sufficient evidence of either ground ice or other form of glacial
action. I think it is probable that by some agency the beds of
shale have been undermined, whether by running water or the
action of the weather, and that the talus of broken-off angular
fragments has become covered up with sand, and since consoli- |
dated. The screes or accumulations of rock fragments which form
at the base of cliffs, both inland and along the coast, are either |
ground down into rounded pebbles, giving rise to conglomerates :
and sands, or they may be covered up without losing their angu- |
larity of form, and the latter appears to have been the case in this |
Instance. Subsequent investigation may however bring to light
ndisputable signs of ice agency. '
. Mr. Tenison-Woods speaks of the consolidation of the loose sand
o a solid rock by the mere dead weight and pressure of the sand
above. Now I have no objection to take against this at all, for the
effects of thousands of tons of pressure should have a very great deal
todo in bringing about the consolidation of a mass of loose and
Porous sand, but I think that the cementing material has played a
Much more important part. It has long been a very interesting
fuestion to me, but one which I have not yet had an opportunity
t tackle, whether there is any appreciable difference between the
Specific gravity of a rock taken from the surface and of another
Portion of the same rock taken from a depth, 4.c., whether the

fep-seated portions of a mass of rock have undergone greater
consolidation from pressure than the superficial layers. At first
Sight the question looks a simple one to settle, but I do not think
that it would so prove, for many matters would have to be taken
to consideration. I merely throw this out as a suggestion, with
the hope that some one may take it up. j

In speaking of the Stony Deserts, Mr. Tenison-Woods attributes
their formation to the fact that certain portions of the loose sand
have heen consolidated, and that the lichter uncemented portions
Were drifted away by the wind, leaving a mass of stones behind ;
o0 this layer being again drifted over ““we should have a wind-
blown sandstone rock at top and a heavy rounded conglomerate at
the bottom. It is thus I offer to explain the widespread con-
E_Iﬂmera,t,es which we find lying on the coal formation, with very
little change of character over thousands of square miles.” But I
o not think this would account for the very heterogeneous

ter of the pebbles composing these conglomerates ; it would
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not account for the presence of pebbles of jasper, vein quarty
slate, and of numerous other materials such as we find in these
conglomerates. If they had been derived in the way suggested,
then, I think, they would be almost entirely composed of quartaite,
or of ferruginous and sandstone pebbles, i.¢., they would practically
be composed of the one material ; in other words, of sandina
more or less hardened form mixed with ironstone ; in fact, they
would resemble in composition the masses of consolidated sand
found lying on the surface of the ground in Wiltshire, and known
locally as greywethers, from their fancied resemblance to sheep b
a distance ; or Sarcen—i.c., Saracen stones—from the old ide
that they had been brought over by the Saracens. The huge
blocks of stone of which the Druidical temple of Stonehqﬂlge B
built consist merely of masses of sand converted into quarzite
afterwards set free by the removal of the loose Eocene sand by
which they were originally surrounded. e
In summing up, Mr. Tenison-Woods states that “thepmﬁ?‘“
cliffs of the Blue Mountains are the hard central cores of sand
the loose portions of which have been easily blown or washed avay.
I think that there are a great many difficulties in the way of
explanation. The Hawkesbury sandstone seems to have b
fairly uniformly deposited over its whole area, and I sﬁﬂl
that the mountains are mountains, because the matter WMW
filled up the valleys and connected cliff with cliff has sinc been
scooped out by the action of the weather and running water. ;]3
as I have said before, I wish to again examine these rocks b
!ihetnefw lllight which Mr. Tenison-Woods has thrown upon the !
Ject of their probable origin. shaad
Before concluding, I Is.xlli:?:ld like to state how much Sﬂhﬂ“:;l
I have derived from Mr. Tenison-Woods® paper, ﬂ-ndtoexmth
deeply we are all indebted to him for having drawn attention ..
subject in such an able way. It is a most valuable and of 4 1E¥
paper, and I hope it may prove to be the oommen(_:ement“ 5: odr
era in geological work in connection with this Society. ; pefore
tainly one of the most interesting which has been brougilwm
i-;he Society upon geological matters for a long time, and There 8
Impress of hard continuous labour and investigation. . ques
nothing to equal a good, healthy discussion for elu -y
tions of this kind.  tothe
The Rev. J. E. Texisox-Woops said :—In rising m%# |
objections which have been made to my paper, let mé & has
gratulate the Society on the spirit in which the whﬂilﬁ '
been carried on. A I am convinced of the truth of M&
to be the origin of these rocks, I am sure that a full render B
the question will serve to elucidate the facts, lﬂﬁﬂ. 1
explanation I have to make more apparent as the wﬂ _
shall take the objections seriatim. Kirst, I do not




THE HAWKESBURY SANDSTONE. 111

all those of Mr. Wilkinson touch my argument. He says that
“the parallelism of the main lines of stratification is a prevailing
feature in the Hawkesbury formation, and this alone is evidence
of their having been formed under water.” I answer that the
parallelism is neither more nor less than is seen in sand-blown
formations. The real question is this: Do these sandstones cor-
respond in every particular with exposed sections of aerial sands?
This I have answered by showing from many actual instances
that they do, and Professor Stephens has supplied other instances,
equally convincing. ‘You cannot but be struck,” says Mr.
Wilkinson, ¢ with the undulating and hilly character of these
blown areas”; and he goes on to prove that nothing of the kind
1 seen in the Hawkesbury rocks. But I maintain that the
undulating character is a conspicuous feature in the formation.
Let any one look down into the valley from Piddington’s Hill and
se¢ whether the whole contour of the ridges and ranges are not
strongly suggestive of aerial sandhills. Why, what could be more
Wndulating than the gorges and gullies of the whole mountain
System ? and though on the whole the greater layers are horizon-
tal, as seen in large masses, they are clearly undulating when
examined in detail. In fine, the external contour and the internal
Stratification is that exactly of all the aerial sandhills I have
€xamined.

I think that I have not been quite understood about the
absence of upheaval. I have stated that these beds are found
Just in the way they have been deposited by the wind, and that
they have not been upheaved by the sea. Now, though horizon-
tality may be no argument in small areas, yet when we trace th'e
S$ame thing over an immense territory, and see no tilting or incli-
Dation, then the evidence of non-upheaval is strong. In South
Australia, for instance, we have the marine Miocene formation,
Which at about 90 miles from the sea is about 270 feet above the
Sealevel. Now, a fall of 3 feet in a mile is utterly inappreciable
1 8 section, but can readily be traced over long distances. But
Jere, at less than 50 miles from the sea, can we trace any tilting
Inclination, though the beds must have been raised at the very
least some 4,000 or 5,000 feet? Observe, also, thatit is not a
Question of the Blue Mountains merely. The same formati?n, or
s very similar one, is found scattered over the whole continent.

Ut whether we find it far away to the westward, on the summits
o mountains, or on the east side of the divide and close to the
%€, it is always the same, with no tilting or inclination, but just
231t was deposited in its peculiar undulating layers and laminated

'se-bedding. When we add to this that the structure is that of
¥ind-blown rocks the argument is very convineing. To say that

€ whole continent has been uplifted in one mass without any
break or tilting is rather an extreme hypothesis, But these beds



112 THE HAWKESBURY SANDSTONE.

may have been fresh-water, it is objected. But the fossils are
fresh-water fossils. The ferns are land ferns. Zhinnfeldiaiss
land fern, so is Gleichenia, and so are all the ferns I have met,
The few water ferns that are known in existence are so peculisr
that a very little experience would distinguish them. We haw
none of these in the sandstone. We ought also to have fluviatil
shells or other fresh-water remains, but we find none except two
species of fish, which are rarely found in what I readily aduit
may have been lagoons or creeks in this formation. Then again,
if it be objected that land plants might easily be drifted down by
rivers, I should admit such an explanation if we found then
associated with other fluviatile remains, but there are no
things to be found. Again, if the ferns drifted long in the water
they would soon rot and be broken up. How different 1 the
state of those beautiful fronds found preserved in the sandstoné
at Mount Piddington and Dubbo. It seems to me easy {-,omder-
stand it if we attribute their preservation to an advancing

of sand which covered them over and entombed them just 8

grew. bedding,
Mr. Wilkinson objects to my interpretation of falsed found
lamination, &c., because he thinks that the same 3tru0fnm'9_m| -
in other rocks which are clearly aqueous. Some of _the :
which he alleges are not cases in point, because it is not wﬁl&
that the beds are aqueous. I am inclined to attribute to ”?m :
the Victorian sandstones an origin like our own. The use hlﬁ
Selwyn’s name for opinions as to the nature of rocks woulﬂm
great weight if we knew that the present question was ever and
put before him. Itis a comparatively new one in geologys i
therefore the names of Dana, Jukes, and others must Tequi® -
support of their reasons for any opinion which t_hey‘ g, the
they can command our assent. At present, I Bt'll.l : in'-ﬂ-lﬂ |
proposition that the peculiar character of the Btmt‘ﬁmlmﬂ :
Hawkesbury rocks can only arise from eolian origi, Wﬂhﬂﬂ :'li
see strong reasons for abandoning this opinion. Mr wthe
8ays, ¢ Mr. Tenison-Woods’ conclusions Nos. 4 and 9 %
origin of the ironstones. I do not consider that f'hebmd’ “'ﬁ
bands mentioned represent old land surfaces, for the Se Lo.p
only curve in all positions but are sometimes verti
be well seen in the cuttings along the Great Weste
between Penrith and Lithgow. Most of them have 5%
from the oxidation of water containing iron in sﬂlutomn
the sandstones and shales and the joints traversing the
this Mr. Wilkinson overlooks the fact that I Lquntw% B
and vertical fissures to have been caused by _lnhltmm :
am sure he forgets how this oxidation is BXP!“'me"Jf by Lutio
words, “oxidation of water containing iron in 5% il
obscure as an explanation. I repeat that water 80
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dissolve peroxide of iron. It must have the aid of decomposing
organic matter. The only way in which this can be explained is
by the surface vegetation. In this matter the conclusions are not
mine, but are received by all chemical geologists, from Bischof to
Sterry Hunt, 1In reply to the objections against one of my ex-
Planations for conglomerates, I must repeat that these things are
rare in the formation, and the pebbles are of small size for the
most part. Mr. Wilkinson says that ‘it is impossible that the
Fﬂllglomerates in the Hawkesbury series could have been derived
I the manner just mentioned. To satisfy this theory the con-
glomerates must occur at the base.” But why? May not a part
of & sandhill be blown away by small degrees, leaving all the
heavier pebbles hehind on the surface as a thick layer to be
Subsequently covered up by new layers of drift sand ?
;thought I should have had the concurrence of my friend, Mr.
inson, with regard to the change of drainage following the
Sutpouring of tertiary volcaniclavas on the summits of the divide.
He admits, however, that the old channels were often filled up by
¢ 1gneous outpourings, and a new system formed. That a
h_er watershed was formed is not to be denied. That a change
of climate was probably the result is not, I think, a far-fetched
Wference. The whole of the igneous table-lands in New England
—Sometimes 4,000 feet above the sea—have originated in the
Period I refer to, and any one must see what an important in-
fuence this has had in effecting climatial changes. Tt is one of
® causes which I suggest may have given the desert area of the
Blve Mountains a more humid climate, and thus encouraged a
,}egetation by which the shifting sands were permanently moored.
9 ﬂl_e rest of Mr. Wilkinson’s objections, as they are more matters
pinion than facts in dispute between us, I shall not refer more
farticularly. The ice theory and the drift theory are now both
ore the world, with the observations by which they are sup-
Pﬂrbed,- and they must now rest upon their own merits.

Ithink on the whole that T must thank Professor Stephens for
- Support he has given to my views in this matter. On one or
2'0 Points he has misunderstood me. One is with regard to the

suallenger’s” dredgings and the azoic regions of the deep. If I
*d that these were not destitute of signs of life, I meant life

h was doubtless ‘derived from the surface. Thus, in what is
Glled the Globigerina ooze, there were abundant traces of forami-

. Now, these organisms have existed in all seas from the
“tliest or nearly the earliest geological periods, and some of the
B  have come to us from very remote antiquity. ’I_‘hey are
Iﬂndman seas ; they are also very easily preserved in rocks.

“nnot imagine any marine remains destitute of such organisms,
] S they belong to the early paleozoic rocks. There is no
Westion that these are often azoic, as Professor Stephens states,

L
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but they are hardly cases in point. Even the Caspian Ses
 peculiar mollusca, and the Dead Sea, which supports b

. water shells brought down by the waters of the Jordan. It

marine life and no mollusca, has its shores strewn

said that there may have been fossils, but they have been camiel
away by the infiltration of waters. Now, whenever such a thing
takes place we have either the casts of the shells ren.ainingempiy
or filled with other material, or we have a disturbance of &
strata by the filling in of the spaces occupied by fossils The
latter case is almost unknown in geology. But would it not h'
strange thing to find land plants and other delicate vegetablt
organisms perfectly preserved, and every other fossil so compley
swept away as to leave not a trace behind? I agree with Pro-
fessor Stephens, that a case may occur in which rounded grams o
sand, in certain cases, may be found in a formation of aqueos

- origin, having been originally derived from the weatheﬁ’?gl'.ofl 'Imi

-y theory to a great extent. What my leamedss o S75
t

aerial rock ; yet the case would be an extreme one. Conso
sandstones hardly ever weather into their original gﬂm’-
have explained in my paper. But the evidence in this case
cumulative ; the round grains and a wind-blown gmctm;
to the rocks are found together, The connected origin of e
the reasonable explanation. e
In the matter of the dip of the laminations, I am “*’tqw
sure that T understand Professor Stephens ; but if we B S0
explained our views I think we should find our observaiiot® T
agree in most particulars. Practically, the dip i.B not d':gﬂ
right angles to the strike, that is, when the dip is quadi®=te =
as 1t 1s very commonly in rounded accumulations 0 md'm :
this case, a section diagonal to the axis will give aul this n
angle to the laminations. That the variation 1 due mmoﬂlﬂ'
many instances I have no doubt; but I also think
cause had been in operation, and that is the va :
strength of the current, aerial or otherwise, by which the:: affect
have been deposited. But the question does not ?:;dwﬂf

]
i

jation in ¢

the quartz pebbles is somewhat new to me, and, he B
formation must be rare in the Hawkesbury rocks. 1 hﬂﬂm%
been a puzzle to me why the pebbles of q'lllﬁl-l't"z “:;B M :
abraded. But this would be a greater objection to et
theory ; for, be it remembered, though water dﬂeﬁn"f quite

outline of the finest particles of sand by abrasion, it :1’
contrary with large fragments of half an inch 88€ Ce =
these rapidly assume a rounded outline in runil The
have related Daubrée’s experiments on this subject- and B
another test in this matter which is familiar to BW"Y%"?M'
18 the generally ovoid shape of water-worn stones. ,
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- harder felspars or quartz), even though the surface has been
polished by the action of blown sand. Through the kindness of
Professor Stephens, I am enabled to place before the members of
the Society to-night some specimens of granite and felspar from
the first cataract of the Nile. These are continually exposed to
the action of blown sand from the desert, and the members can
Judge of the effect of this from actual inspection. It can be seen
that the constant impact of blown sand has given the stone a
most brilliant polish, but at the same time not a single angle has
been worn away. If the pebbles found in the Hawkesbury rocks
do not bear a more evident polish, the cause must be looked for
in their long entombment. But the facts remain that the surfaces
of the pebbles are generally abraded, not rounded as they would
be were the action that of running water. The exceptions may
well be due to creeks, as they are so uncommon.

With regard to Professor Liversidge’s remarks, I have first to
thank him for the information he has afforded us on those matters
about which I especially appealed to him. I have not expressed
myself decidedly about the hyalite, though I threw it out as a
Suggestion that polarized light gives a good test for its detection.

t we must not expect very great results from this method,
hecause if the original grains were derived from granite, some of
the quartz from that rock presents under the Nichol prisms the
Play of colours observed in colloid silica. In the beginning of
Iy microscopic work in this matter, I was inclined to think the
plarized light and the selenite plate would give me definite
TeSults ; but when I varied the experiments, using rock crystal
irtificially pulverized, and various kinds of felspar, with true

yalite, the results were conflicting. I am going to try again at
getting thin sections of the rock, and then I am in hopes that the
&S in the cementing medium may be better seen. My friend,

I. Wilkinson, does not believe that the grains of sand will
aford any clue ; yet I may state a fact which will be significant
 the matter. Since my paper was read, Professor Liversidge
Wished to bring my theory to the test by the microscopic examina-
n of sands, With this view he asked my opinion on about a
fn slides of dry sand, the origin or locality of which was
fitirely unknown to me. In every instance, except one, I was
tble to state, after a short examination, whether the sands were
fiver, desert, or aerial sands.

I think that in the matter of conglomerates I went out of my
"8y to explain a feature which, whether explained or not, does
:':t affect my theory. Still, I differ from Professor Liversidge as
¥hat concretions may do in forming pebbles in such a formation
;;:hlﬂ- It must be remembered that we have here silica, alumina,

h oxides of jron, with smaller quantities of magnesia, potash,
., and occasionally sulphur and manganese, The colours and
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forms:of silicate of alumina and iron alone are endless,
when worn down into pebbles would give almost every oo
appearance.  Besides, before these beds were finally consc
the trap rocks began to have their influence. We must notf
‘how rapidly sandhills are cut down and form again by the wind
Thus a conglomerate in the middle of a sandstone may belongio
a late portion of its history, and its pebbles belong to & trap ok
now separated from it by many feet of sandstone. Howerer, &
Professor Liversidge says that he prefers to approach ﬂl‘m
cautiously and will carefully weigh my observations in ﬂ_“"‘-;:
of the formation, I can leave the facts to the painstaking asl
impartial examination which I know he and others will Si““
To him and to Professor Stephens and Mr. Wilkinson mj’ébg-;._‘
thanks are due.  'What has been so kindly said as to ﬁ““h’h
this paper I have heard with gratification, for the sake of i
Society. The subject has been a labour of love to me, but
it has also been useful to the Society I am more than nm}ﬁf‘l::
~ Mr. Wilkinson exhibited a large number of maps, diagrams 8%
specimens in illustration of his views, Professor I‘Yﬁlfs _
showed a series of slides of eolian and water-formed
The President conveyed the thanks of the Society the g
J. E. Tenison-Woods for liis valuable paper. Fady.
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