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The Hawkesbury Sandstone.
By the Rev. J. E. TexisoNn-Woops, F.G.S., F.L.S,, &c., &ec.

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

Tur Hawkesbury sandstone is that peculiar formation which
constitutes much of the Blue Mountains west of Sydney, and which
is also so 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 :— e

“ 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-
cretionary in structure and very thick bedded, varying in com-
position, with occasional false bedding deeply excavated, and so
forming deep ravines with lofty escarpments, to the upper part of
which series I 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
in thickness, containing patches of shale, occasionally with fishes,
with fragments of fronds and stems of ferns, a few pebbles of por-
phyry, granite, mica, and other quartziferous slates, and assume in
surface outline the appearance of granite, from the materials of
which, and associated old deposits, they must in part have been
derived. On the summit of the Blue Mountains and along the
Grose River the thickness of the series is very much greater than
near the sea. Patches of very small area contain bits of coal,
carbonate of iron, and sometimes represent miniature coal measures.
Towards the base bands of purple shales are frequent, and ferri-
ferous veing with specular iron, hematite, ilmenite, graphite, and
other minerals sometimes occur. In places, as about the ‘Yellow
Rock’ near the upper Wollombi River, in Ben Bullen, and above
the deep excavation of the Capertee amphitheatre, salt and alum
are found in cavities formed by decomposition ; and in other places,
as at Bundanoon Creek in the Shoalhaven District, at Appin, and
on the Bulli escarpment of the Illawarra, and at Pittwater north
of Sydney, stalactites have been formed under similar circum-
stances. There is an enormous mass of brown iron ore, highly
carbonized, partly worked, at Fitzroy, near Nattai; another on
Brisbane Water, and a smaller patch on the coast, a few miles
north of Sydney, and other similar patches in intermediate locali-
ties. These are in part associated with specular iron, which
occasionally lines the joints of the sandstones close at band with
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well formed crystals. The uppermost beds of this formation,
especially where they become conglomerates, exhibit isolated sum-
mits, imitating ruined castles, and have thus been traced by me
ab intervals all along the escarpments to the westward of Sydney,
from the latitude of the Clyde River to that of the Talbragar, and
in certain localities within the longitude of that line and the coast.
Tn the deep ravines of the Grose and Dargan’s Creek, the one
eastward, and the other westward of the Darling Causeway tra-
versed by the Western Railway line, the slopes are studded with
fantastic pillars sculptured by denudation and decay into imitative
architectural forms. Simildr forms cap the extension of the coast
range to the head of the Goulburn River. The tints are poikilitic,
darkening from exposure and exhibiting imitations of landscapes,
sometimes of striking charater. The semi-crystalline fragments of
quartzand the disposal of colours (suggesting the idea of the action
of gases removing the ferruginous tint in places) have caused me t0
‘Pelieve that some transmuting agency has affected large areas of
the Hawkesbury rocks. The glistening of the crystalline quartz
particles reminds one of the same character observable in the
millstone grit in England. Tt is impossible to understand how

considerable masscs of the sandstones could have received such a

present structure without the metamorphism suggested, for the
crystalline faces arc quite unabraded and belong to particles that
have been collected oviginally by water holding silica in solution.
By washing in acids the colouring matter of the particles may be
entirely removed, and then it is seen that they are imperfect crys-
tals. DBut the cementing matter is not always ferruginous, & fels-
pathic cement holds them together with used mica, evidently
derivative, and sometimes with granite. Another variation in char-
acter of the Hawkeshury rocks is their cohesion. In 1850 I was
Chairman of the Artesian Well Board, and remember the difficulty
we had in procuring tools hard enough to pierce the quartzose sand-
stone at the gaol in Sydney. The boring after & small depth was
abandoned, one of the workmen precipitating the conclusion by
blocking the bore-hole. But in parts of the railway lines there
have been instances, as stated to me by the Engineer-in-Ghief, when
the largest blocks have been shivered to atoms by a not very heavy
fall over an embankment.”—Sedinen. Form, NSV, 4th edit,
pp- 70 et seq.

Eatent.—The extent of this formation about Sydney is consider-
able. According to the geological map of New South Wales com-
piled by Mr. Wilkinson from Mr. Clarke’s notes, it forms an
oblong mass about 140 miles long, with a width of from 40 to 80
miles. With the exception of a north-western Spur, which is &
narrow range extending 50 miles from the mass, the whole area
seems to be between tWwo degrees of latitude. A line drawn west-
ward from Newcastle on the north, and another westward of
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ng&agl;i\tfen on the south, includes nearly the whole of its north and
Goulbu‘r;?j;%rll;l ﬁ;mm;ls}x{ hn?lnorth and south between Sofala and
e outside all its western boundari i
small exception near Sof Sopai i
a ala. These boundarie d tl
extent and thickness of the formati g bty fs
: 'mation, can only be considered
. approximate until an actual survey c , il
g 8 an be made. = The logical
map of the Rev. W. B. Clarke i 4 i S in the
: . W.B.C e is only a sketch, in which in the
}:g;l}"setof time great modifications will have to be made. Thus
plaé;l: ;rllct(;; the s:;me foi'matlon is found at Dubbo and along man):
plac e western plains, often of large ext /hich a
indicated on the ma : ol Vg el
p. The Dubbo sandstone quarries hav
en i ) e man
;:?;::1;103222252 in }\}hlch large and Dbeautiful slc)lecimens of Thinny-
f dontopteroides appear not to be scarce. Ther 1 i
impressions of a leaf like Glossopteris wi it and A
s a lea , terts with mid-rib s i
vergtlon too faint for detcrminatién. G Obhql'le
i Eol;ogzcc.cl p('mtwn..——In the whole of the area thus described
s :1 }zm.tmu lies horizontally upon rocks of different age. Some-
Siluriqln . El?on the coal measures, or again upon Devonian or
ma,tta,(b {oc I 26 1 Qverlmd in many places by the Wiana-
zeabiy 1ec S, _and by bnsalt%c, or at any rate volcanic products. But
o ﬁrls)ta;q“ls there any sign of upheaval. There are, however, at
e le?Z&g very many sigus of a downcast or fault. There 'the
iy :i hgla;;gy shortfdlstanc)e highly inclined against the range,
ng arance of an intmense landslip from the fail
ailure or
]s;;bts);cllin({e of the ground. The rock which is inclined appears to
s k‘( own from the main mass, which is quite horizontal.
resegt ing at the appearance which the area of this formation
?S bethe\:lp;)tl; thet{pap, oxie 11s struck by the great difference there
1 outline and that of any other. Tl ite li
in generally meridional lines. The Siluri : ol ity Kooy
; s. 1¢ Silurian and Devonian fo
fnli(;aerrll)t' tlrlfl whole sgbspmtum of the eastern portion of the é‘;‘i
inferf he voleanic is abrupt and irregular, just as we should
smdstgg: ;‘;s pa;‘_oxysmal origin. The shape of the Hawkesbury
50 rmation may give a cl i i igi
et e y give a clue tg its peculiar origin, and
E (;S’vtr%i;ﬁ%mé;z.-‘k:—Therg is only one point in the description of tho
r s:peai{s % tzlxlle ? i»vlul():hlr{?quu-es amendment, and that is whero
alse bedding as being only occasional. On th
e Ise L 0 X e
Z(f)ntlllzl %r, 1false. bedding is almost universal—it is the characteristic
i Ofm;}ﬁfﬁ;)& rLltl_l neo.rloy everly portion. There are two distinct
IS ation. One which makes the main lines of
: e wh sub-
?S,'cl)si?lg.s .Thiese are uudulatmg-]'mes which seem to divide the stone
&0 mzwe a?c.ars of ever-varying thickness. These divisions are
o wh'n; plaltlngs or full 9f a very irregularly or finely stratified
ich looks very fissile, and composed of fine grains likeo

dust. The layers are also se i
¢ 2 arated
ironstone, of which more subsgq?ejély(.)ccaswnauy e
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Between these then are finer lines of stratification which are
mostly inclined to the horizon. They are irregular in thickness
and in dip : sometimes composed of coarse sand and sometimes of

. the very finest dust. They are occasionally interrupted by belts

of small pebbles, always abraded and often rounded, but through
the whole mass of the sandstone of the Blue Mountains the stone
is exceedingly fine-grained, and there are rarely any pebbles larger
than a pea except in the very lowest conglomerates. None of these
finer strata extend from one great subdivision into another. The
irregularity of the dip of the false bedding is surprising. In afew
feet the dip will vary in almost every direction and angle, though
rarely at a greater one than 95 degrees. I have noticed also
that oftem when the angle is small the sand is rather coarse.
Sometimes a series of strata with a high angle will be cut off
above by another series dipping on an exactly opposite direction.
This gives rise to a herring-bone appearance which is often re-
peated three or four times in the same greater layer. In order to
prevent confusion by the frequent use of the word strata, I shall
call the greater divisions of the horizontal sandstone *layers,” and
the smaller stratification “lamine.” Between the layers there is
often a shale or slate deposit, the lamina of which are thin, hori-
zontal, and rather difficult to trace.

The ferruginous bands do not always follow the lines of the
layers or the lamine—they frequently descend irregulaxly through
the stone in undulating lines ov circles, in fact, in almost every
shape. They are in this case no more than stains, seldom forming
stripes or bands of ironstone. By ironstone, I mean a compach
hard rock of brown colour, probably the limonite of mineralo-
aists, and containing silicate and hydrated ferric oxide ; of the
chemical peculiarities of these stains and bands I shall treat
subsequently. When examined by the aid of the microscope the
ironstone is seen to be a mass of grains of sand cemented together
by a limonite paste, so that the actual amount of ferric oxide is
gmall.  But there are also broad bands of red stone in which no
grains of sand can be detected. There is one exposed in the upper
cuttings of the second Zigzag. Tt is about 3 feet thick in places,
but very irregular and undulating, with sandstone partings like a
bed of shale, which I make no doubt it has been. The destruction of
she vegetable remains has been effected in oxydizing the ferrous
salts, as T shall explain hereafter.

Fossils.—In the extract from Mr. Clarke’s paper reference has
been made to the plant impressions in this formation. I think
they are mostly confined to the stems and roots of plants. Sphe-
nopteris alata, Brogn., has been identified, but the portion of the
formation whence derived is not stated. Thinnfeldia odontopte-
roides has been found near Mount Victoria. There are also small
lenticular masses of coal, or rather jet, in some portions of which

- formable to the coal measures.

THE HAWKESBURY SANDSTONE. 57

]9;1 ;:lcl);nfferou% structure could be made out—at least in some speci
o fli‘(-)lm 1ouble Bay which I examined. In the same sa.ndsI:,one-
Lot 153 }les lm.ve been found, ranging from 16 feet below the
el hl oe 1;») to over 3,400 feet on the Blue Mountains. Twe
ﬂ[yriolgpi::% ljeilcl fle}taermlned,r Cleithrolepis granulatus, Enre'rt and
! rker, Egert.  The former is rocercal ;
]atj:r b ta determined_ rmer 1s not heterocercal ; the
o ir(f;lfshtz Il;:sgfct)ﬁ ntl‘letHam"kefbiu‘y sandstone there are thick beds
tone, intermingled with what se i ili
joh : gled with seems like a green sili-
me:s?li ;; o T’,Ill‘he whole formation lies conformably»upoi the 5321
peeoh 'it 5 d;sﬁipafsa;ge _flx*0111 one to another is.almost imper-
ble— cult to draw any well-defined Iir :
' ; ne. Th
Sgifll:%odmf,ppeal : as well as the layers, and soon a very hasdf:jlsg )
( nglomerate succeeds, with beds of i
f eds, ds of shale and impure coal.
Prec;‘cg&g é}:ne?ts.’-—A peculiarity of the Hawkesbury sandslij;one is itls
escarpm L St character. \Vherew"er it is met it is always cut intoabrupt
. }; neltl1 s and presents precipitous faces ; even where outliers age
e on fle’ summits of hills they have the same character, and
e er‘matlon abuts on the coast, cliffs and gorges such ’a.s are
namcdnby %10to I:T s;.cksmtl] are pre{)sent. Mount Pige?m House, so
: ¢ from the reseinblance of the summit ig me
. ; ) . of this -
{:)célllgn’ici)nu; (lox t3~cote, 18 fa case 1 point. The cliffs at J ervisl'n]%:;
ging to the same formation, are much lik 0y
Han e ‘ e wuch like those at Sydne
ads. ery like the Hawkesbur 1 o
varlous places on the eastern side of alin acd tn. the ey
kel e 1 side of Australia and in the interior
ey 2 y developed in the neighbourl :
A rgely. ) ghbourhood of the Endeavour
wards in Northern Queensla i
e : nd. They also li
c;{ﬁf);‘lcizf‘m:}t;lon, but not conf9rmab] v ; but they are quii’e similai‘oiﬁ
i i(fy have undulating layers and laminz of false bedding.
facez a:\ i(,nassol beds (ﬁ ronstone, and are cut into prccipitoni;.
aces, ydney. mountain called O’C i i
similar to Mount Pigeon H ey e & o Saeinh
t g ouse ; Mount Mulli 1
s unt ‘ Ise igan is a detacl
ci;;lcl;;aé? J?fn i1;)()(:1]1‘011?(1] paleozoic rocks, perfectly crowned with pl:i
] 1zontal layers exactly like the Hawkes
st o O awkesbury sandstone.
sland.—Along tl inr i
i ; Along the main range, between Bris-
Hm?;lfglscllj Tootvoomba, numerous precipitous cliﬁ'sopl,'ecisely like t]llse
ury rocks are to be found.  In some places they seem newer

t - - i
han the rocks of New South ‘Wales, but in others there is no differ-

ence in a ¥ ; 1

likeetﬁ%s:%l;egifgf' {\Ilanyt of the cuttings and tunnels are just
: ue Mountains. At the Little Livery

and again at Murphy’s C e s e

phy’s Creek, the formation is the ’

. e : san

thgu;gil less}plctulesque than thic Blue Mountains, is evidle‘lal,tlnng%

hon'zm?;el m;}mctqr. The undulating layers are on the wl}:ole
al.  The highest parts of the main range west of Brisbane

i ‘
Except in the Blue Mountains the saadstone is not constantly con-
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. g &
built up by the overflow of lava on the summits of this san
are

o li AV 1. c b (ls hﬂve Occaslonal
Stone, "-lld b}lele has been no u he'\.‘ |8 Ih (&

i iot, in which
fraocments of wood com‘erted1 into jet, m W
ag of Gr
7 ¢ traced.
character can plainly : ) fa
To the west of tho main ml.\gc"m“Q: e
mation is frequently seen—this. 1sﬁ; nl'of "ltg e e T cans
ive examinat 3 §

3 After an attentive exan Siia ] ik Dy
b'ion"(:l.nt T could perceive any marked diffex encelm czt)e)rm:mnisy i
bI‘tyloo]&is perhaps & little less 1a.lt-ere&}i b\itsglthxst; nl(llzto}]]é Mo
. 1 icr ically 1e desert s ew

arine both microscopicaliy. desett | A i
022:1{) {: n?e in so compact a state that 1t)\\ ould b(;mr?:i:; ; 8
?nto tl}xrin flms for the microscope. Lm’th{:séit ;and);tones o
with the Hawkesbury sandstone. Daintrees ¢ B ety
directly upon the cretaceous rocks, and thc.?r a Bor S,n‘e&d. send
tertiary. 1tisa formation which 1s very oxte‘nSlter y‘ : 1the e
layers “nd lamine of exactly the same chavacter &

Ayers

and a similar for-
ce’s desert sand-

1 i v m )1‘OSSi0115,
bury rock with bands of ironstone, fOSSll W OOd, plant 1
)

-0 formations probably
and conglomerates of small pebbles. '1‘111e i\; otfl?:tmaley hfve e
i 1 1 » can dou 0 3 !
differ widely in age, but no one bt R e outliers -
aceumulated under precisely gimilar cond1tions. A e i
"ntclu-k;(»f desert szmdstrmo,m'('scm:'twm! all ()\‘(il t«rl .{md ke
}L;M \;'1101‘e\'01' found the formation 18 ]1011/,0111 a.‘(,adu sty
‘ , wresents precipitous and unequally weathered A g
gl i of  the Sandstons.—Defore entering 10 o
fomposition 0 e San . e | Rgiowii4
Cm;lx]t(ions as to the origin of this foxmatllon, Ifmfxg,' e
that T " | od ting a film of an
t%mt 1 never could succeed 1n getting LT Jm of 2 0 Toos
rocks thin enough for the microscope. e e
i Sat in trying experimer
e D{u'tlnf: ct>£)thi QI‘I‘Il)lCtul‘(". In some fmgm({nts of
hink is o good 1dces ) SU ! e e
ﬂtml‘xt from DMan]y Beach (the outside beact l-:;)d{:),consigted .
St?wr% from Mount Victoria, I found that th slol}c (;o-othey o
- x%mall rounded grains of sand cememﬁ( stogd S
ry S ! : foget ‘
Zi(liZeous infiltration, in which the facets of fil'm \?; y = g
l\vero traceable.  The gand was nob aﬂl s 107;10{(:1.g . i e
fin ticles of hi 6 r brown felspar, !
fine particles of opaque W hite, yellow, o1 ey )
scales of mica. When powdercd,the round gral {f? S
intact, while the glassy, transpnrent,.andJaggec tlmocement sl
%)o the hydrated silica or hyalite wlncll)l f01:01}}ec11 fj)io\\l's Mg
1 i chowed Dbeautiful colours. .
the polariscope 1t always sk D e, ike - cund glse
the quartz oraing were (hmm.ed on the ; 0 t,ne il
T infer f1~onl°this partial examination of the s )0]S b procured 3
stone in the localities from whence my spec'ltm% S ter Lng
;1e1-ivcc1 from the decomposition of af gltr;l ;);(rycdieilts, o
is hortion O g )
subsequentl dissolved & Y R
;111 dm(.lted sil);ca has acted as & cer‘nent' betweeri thel ({)S R e
yIn trying to account for this widespreac :ilu - con,c Rt
in its we may ab lea
different in age the deposits may be, we may
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they all arose under the same conditions and have the same causes.

Mr. Clarko has already pointed out that they are mot 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 rémains 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 mect 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
lacustrine 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
no 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 scas to account for the boulders and
conglomerates.  But several other characters of ice action are
wanting, and in face of the marine difliculty, 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 upheaval.—One fact seems to be lost sight of in all
these theories, and that is that there has been no upheaval. The
beds 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 fact
connected with our eastern mountain range. The highest portions
are recent volcanic, granitic, or Lorizontal sandstones, which have
not been upheaved from the sea. There has been evident depres-
sion about such places as Sydney Harbour, but no elevation
anywhere.

Wide Bay sand dunes.—In looking for examples of this forma
tion in the Colony of Queensland I have seen one or two phe-
nomena which may furnish a clue to the history of these rocks.
At a place called Double Island Point, about 100 miles north of
Cape 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
Lills, separated by a long interval of low land from a low range of
voleanic rock forming Double Island Point. This is covered with
green vegetation and light timber. From the west end of the
point the sand cliffs ascend. They are densely covered with a
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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 “layers”
of varying thickness, forming thick sinuous marks upon the cliff,
which can be seen at a great distance. The layers are entirely
consttucted of lamine of sand with false bedding, which dips ab
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 great
height. In places there are sand-slips on some of the dunes where
thefalse bedding becomes revealed. The undulating lines which
separate the various layers are found to consist of decaying vege-
table matter, or rich loamy earth with roots, leaves, and land-
shells intermingled. They represent the former surface of the
drifting sand, where its shifting has been stayed by the growth of
o denso brush,  Thus it has romained stationary for years, until a
change of wind or perhaps a bush fire has brought the sand on to
the surface again and overwhelmed it.  In part of the brush there
aro swamps of water, at least so I was informed, but I had not
time to examine them.

Burdekin River.—Before I point out the application of such
formations to explain the Hawkesbury sandstone, it is better
perhaps to give one or two more illustrations. In crossing the
Burdekin River in 1879, at a place close beside the present rail-
way, I noticed & hill of loose dvift-sand, not far from the bed of
the river. It would not have attracted my attention had it not
been for the large quantities of loose sandy soil that I found on
many parts of the banks of the Burdekin. There was no doubt
that this hill was composed of blown sand and dust from the
river, which is of a very sandy bottom, and so I supposed that
all the other sand was derived in the same mannet. My little
sandhill remained unexamined then, but two years afterwards I
came by the same spob and found that it had been largely cub
away for the purposes of ballast, exposing & beautiful section.
The appearances Were precisely those of the Hawkesbury sand-
stone, but on & smaller scale. ~There were the layers and the
Jamine, with false bedding. From the way in which the hill had
been cut down I was able to see more of the structure than in the
hills at Double Island Point. The lamine not only dipped at
every angle from horizontal to about 93°, but also in every
divection according to the wind. Another very interesting and
important fact met me here. There were large flat or rounded
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%11)121:1381 181; 'h?;;izn?l lines in this 1'1i11, generally near the layers
s n}; w:r, me:‘m Ia.l;ge considering the wind origin of th;s
e e over 2 inches square or thicker tﬁan 3 an
edge’s At élo&led that I saw, but they were numerous. “The
g river-bn 1e Xut.thls may have been because they came
gtk 50‘131(1(; o gain, the lamine were of various degrees
just as if it ];ad beenelg%t;fry inxlfqzngb(l)thters Kol s ;an(i,
what I witnessed. The win.d was Lbllo;vinefr D et Wit
) X s in custs
:.Is;;fla;sualll.z’] ;};?(?Slmh the October mornti’ngs c;l:ct)?nf I‘Cilil E)I;el?sif;
P ji; . rlglcc t. at where a strong gust came it carried all
e W,as i no\img some of the sipall stones; but when the
el e K R o e
art 3 1 reali y
i:};l;zseinﬁi dzhe Imftu}g effect of light breeze}; ::iilecl?a;l?:nsa&i .
i breezeé . n(z{cxced here_ hpw the wind formed the lamins
gn Bt duse 1& steep dip in the deposition, and the length.
gl acco“d_ epended upon them, so that these laminee rise
i aI‘Villlll% to.lthe velocity of the breeze somewhat in the
i (l-lsal .used for pumps. Other facts brought to
: ﬁly azcert :h sn{ab colian sm.ld-lull I shall refer to by-and-}c) I
formeci e mcv. cfore leaving the spot that the hill had yl;ecll
i gfs aulan \\11_1(1, and nqt by the overflow of the river. In
i St oving §a11d11111, and had shifted its position' con-
e noyﬁood ;c ﬁter‘x_a:l of short visits, during which there had
i) struc? ‘ 1€ ulv er. DBeds of river-borne sand have quite a
tara sy 111)1e. It must be remarked that the bed of the
g ‘n.ea toxrlts 1? a flat channel about half a mile wide. In
s )"{;rdq w\.\ {) o1r‘tln'ee narrow and deep streams of water
e Of. R wéal- i e.1 The rest Qf the bed is dry for the greater
i a)n b “2:11( ﬁovered with rocks and loose drifting sand
o nd y eolian sand-hills consequently accumul?a,te or.x
Pliocene aerial sands on the S. Coast
‘ A ,.— Another i
Ttoﬁes?‘eg :01;02;2 ?ogih coasfj of {&ustm]i:t. It has be(lanlgzzz}ifedcig
S :\:veill servations in South Australia,” from localities
L3 b Wteépg)sled, th)at Is at Cape Grant, near Portland, in
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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 ave never horizontal, and
hever continuous across the great layers. The material of the
rock appears like & sandstone, but under the microscope is seen to
consist of fragments of shells and shore debris, with grains of fine
siliceous sand and sponge spicule intermingled. There are 1o
fossils, or at least they are rarc. Professor R. Tate, who first
asserted the formation to be eolian, found small shells in portions,
and these were land shells—not marine, and of the kind now
existing on the coast. When I first saw this deposit T imagined
it to have heen derived from marine currents; but a better
knowledge of the floor of the ocean shows us that marine currents
do hot leave such stratification. Besides the land shells, and the
fact that the strata show 1o signs of upheaval, I found in sub-
sequent years, by various sections on the coast, that this deposit is
only an indurated portion of the sand dunes with which it is
always associated. Tt is an acrial rock, and is stratified by the
wind alone. The only difference  hebween this rock and the
Tawkesbury sandstone is, that it contains a large quantity of
lime, with brown coal occasionally.

Bormuda sandstones.—In the islands of Bermuda a similar
formation is met with. Although generally very low, some parts
of these islands rise to 250 feet “bove the sea-level, consisting of
various kinds of limestone rock, sometimes soft and friable, but
very often hard and even crystalline. Tt consists of beds which
sometimes dip as much as 30°, and exhibit great contortions
besides, with much false bedding. It has been put heyond &
doubt, by o long continued series of obscrvations, that the rocks
are all due to the wind, which blows up the sand from the beach,
and which itself is derived from coral and shells.  The rain dis-
solves portions of the Jime and consolidates it. In this limestone
at Bermuda, as well as in the calearcous rocks of the south coast
of Australia, we have those singular stalagmitic concretions which
look like roots. In Bermuda tho acrial rock contains a red earth
some 9 feet thick under coral rock, and resting on o bed of
calcarcous sandstone, probably due to the decomposition of some
minute organism.®

Aerial ovigin of Hawkesbury rocks.—We see from these illus-
trations what are the characters of aerial or wind-blown rocks.
They are destitute of fossils, except land-shells or plant remains.

They are not upheaved. They are most of all distinguished by

* Jones' Guide to Bermuda. MNore likely the red earth is due to the
decomposition of vegetation which grew when this lower part was formerly
the surface.
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loam, and sand. The latter was never in larger grains than a
quarter of a millimetre in diameter, but always in angular. frag-
ments. The felspar had disappearcd, 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 have
been exposed to the action of the wind for any time. The sands
of the Egyptian deserts are all rounded. On the other hand, Mr.
Phillips has found that fine sands taken from the beds of streams
are always angular, and this even where there is good proof
that they have been borne great distances by the water. The
explanation of this fact seems casy to find. In the air there is
nothing to prevent the friction of the particles on one another, and
in , water there is scarcely any impact or friction at all. At
the end of this paper will be found all the observations which I
have been able to make on this subject. Asa rule I can confirm
the conclusions of Mr. Phillips. I have microscopically examined
all sands from all the rivers and creeks I have come across. The
smaller particles are never entirely rounded unless the fragments
are derived from a sandstone Which was itself composed of
rounded particles. On the other hand, some wind-blown sand,
especially that composing sand dunes, is altogether abraded. This
is well seen in the sand which forms the dunes at Moore Park,
Waverley, and Bondi. Some yellow sand from the inner beach at
Manly, which is no doubt derived from the sandstone cliffs near,
is nearly all composed of abraded particles, but there are angular
siliceous particles occasionally which I shall subsequently explain.

Tt will be remarked that I have said some wind-blown sands
are abraded, because the grains composing the hillock already
referred to on the Burdekin River were not at all abraded. The
particles with very few exceptions were quite angular. They had
been brought from the river-bed at no great distance, and had not
been much blown about. T think it is only in the case of wind-
blown sand, long exposed in loose drifting masses, that we can
expect to find all the particles abraded. Then again, rocks com-
posed of fine acrial dust, as some of the Hawlkesbury sandstones
have been, will show little of their origin except in their stratifi-
cation.

Nature of the sand.—Now, in applying these principles to_the
Hawkesbury sandstone we find we are stopped by & difficulty which
the age of the sandstones would lead us to expect. The rock has
been completely altered by internal metamorphism. Reference
is made by Mr. Clarke to this, and to the crystalline facets on
portions of the rock. Any one passing across the Blue Mountains
cannot fail to have noticed the sparkling of the sandstone rocks in

the cuttings. A closo examination will show that this is due to

' . was manifested by hyalite.

B -

" Hawkesbury rocks.
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been produced in situ. Numerous fine-grained sandstones, parti-
cularly among those of Triassic age, are composed of quartz grains
so 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
examining a considerable number of modern sands, none of them
“except such as had been long subjected to the wearing effects of
wind action, were found to resemble those of the ¢ millet-seed”
sandstones. Those which resembled them most were blown desert
$ands. In the discussion which ensued on this paper, Mr. Blandford -
said that some years ago he had examined the Indian desert, and -
found the grains of sand well rounded. They were mostly of
guartz, with a few felspar grains, and occasionally of hornblende.
The strongest wind there blows from the west. The sands had
come from the coast and the river Indus. - He further stated that
the sands appeared to be unstratified, and this I can confirm in the
appearance of all desert sands, but when a section is made the
peculiar false bedding is immediately seen. Mr, Rutley on the
same occasion called attention to the presence of felspar on many of
the sandstones described, and suggested that it was quite possible
for such sandstones to be changed into felstone. There was often
much difficulty in distinguishing between the finer grained igneous
and sedimentary rocks.
Summary.—To sum up these facts : I may state that observation
has proved that wind-blown action seems alone competent to round
grains of sand ; angular fragments of quartz having a diameter
of less than % of an inch remain unrounded by the long con-
tinued action ot currents, or by the continuous action of breakers
after many years; yettherounded character of the fragments of a
wind-blown sandstone is often difficult of detection in a compact
rock which has undergone internal metamorphism. .
‘We now come to the inquiry as to the causes of those peculiar
appearances in the colian sandstones, such as the false bedding,
the layers, and the ironstone bands and concretions.
False bedding.—It has been already noticed that the angle
formed by the laminations never exceeds a certain value. This
is due to the fact that rounded, or indeed small particles of
sand of any kind, when perfectly dry, have a definite angle
of repose. This angle is about 30°. With wet sand it is entirely
It may lie at any angle as long as it is not completely
saturated with moisture, so as to give the particles perfect free
dom of movement one upon another, while mere dampness would
increase the cohesive force and then the angle of repose would be

_ increased. The pressure also of the grains of sand in dry masses

is not direct but lateral. The angle at which the lamine dip is

-
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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. Itisalso the case with calcareous aerial rocks generally.

Lamination.—It occurred tomethat 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,
and 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
another, a section was produced which gave a tolerably fair illus-
tration of a layer with false bedding at opposite angles, or as we
frequently see,  herring-bone” lamination.
Wet sand, of course, may lie at a much higher angle. In
those cases where estuarine deposits are found to be inclined, they
have a constant angle which is often as high as 40°. Generally
speaking, the layers of clay and shingle are perfectly horizontal.
The mode of deposition of deltas from fluvial or estuarine remains
is perfectly understood. They are composed of regular beds of
rich alluvium and water-worn gravel. A section through the de-
posit at Lake Geneva at the mouth of the Arve shows occasionall
inclined beds, but the angle is regular, and at the length of half a
mile they become perfectly horizontal. There is no resemblance
between the Hawkesbury sandstone lamination and that of an
estuarine deposit, even if the area did not totally prevent such a
supposition. In the Arve delta, of course, there are many fresh-
water shells and alluvial remains of fresh-water plants and debris

.of all kinds. I do not think it possible to account for some of the

irregular lamination in the Hawkesbury rocks except by supposing
the materials to have accumulated as fine aerial dust. Water of
any kind must have deposited it in a different manner.

On the other hand, at Bermuda, as already stated, the late Sir
Wyville Thomson gives an account of a formation at those islands
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4o which I have already referred. It is formed of very fine sand
accumulated by the wind, and cemented by the slow infiltration
11 be a hardened

of water. In a short time the whole of this wi
rock, and if the observations of Sir Wyville Thomson happened to

ight easily be regarded as a marineé rock, were it not

be lost, it m1
that the deposit is full of the trunks of cedar trees which the wind

_ has blown down and mingled with the mass. T 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 able to
examine a section of & well, sunk ina 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 was on 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 which

Lepidospernun lanaginosunt, Xanthorrea minor, with various
epacrids and sedges, form the principal plants. Every three years
or so these are burnt off, and then the sand blows about quite
loosely. The grains are quite rounded. Grassy level places are
found in large tracts much below the level of the sand-hills, and
then there is a stiff clay with swampy land. A sufficient accumu-
lation of such deposits, hardening by lapse of time into stone,

would give rise to & deposit exactly like the Hawkesbury rocks.

The fine mud of the clay-pans in such country which retains the
red over with

rains which fall in this desert in winter is often cove
wind-drifted sands. This perfectly represents the curious stratified
masses found between the layers in the Blue Mountains.
TIronstone.—The ironstone bands and markings must next oc-
cupy our attention. As already observed, these form & character-
istic feature in the Hawkesbury sandstone. The rings of red or
brown hydrated peroxide of iron and the thick bands of them in
most of the formation cannot fail to arrest the attention ; it is,
y a feature in the Hawkesbury rocks, but also

moreover, not onl .
in these laminated sandstones wherever they are found, asin the
e sandstones,

Darling Range, Little Liverpool Range, Dalrympl
desert sandstones, &¢.  Our inquiry here is limited to the sources
from which these ores of iron are derived, and how they have
come to be hydrated peroxides as we find them.

As to the sources, there can be no doubt thatthesandof these rocks
has not been entirely siliceous. Tt is often seen to be composed, even
now, of fragments of mica, felspar, and fragments of hornblende
and other derived minerals. Hornblende dykes are found to have

penetm
ived. In some hornblende rock there i8

materials have been dert
sometimes as much as 14 per cent. of jron. According to Gustay

ted many of the older rocks from which these wind-blown -
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Bisc :. 3 .y 3 .
Pmtl;(_)sfi,ﬁtil;;e (1)5; no silicate in which silicate of iron does not enter
s basalie a,nl(; orcil i)r green earth is found in drusy cavities oi'
e e e oleritic amygdaloids, in augite, augitic por-
Py, s mm,il a_coating upon chalcedony. Another source
b has‘u{:) of C{;he? carboniferous rocks from which some
e e:'et:n erived is coloured green by proto-silicate
St 0[}0 ant to gbserve that the iron in these cases
e il TT] protoxide, and either colourless, bluish, or
i ot i T}elre is a powerful affinity between silica and
 mias ks e alkaline silicates, says Bischof,* convert
ekt r(illll in water into protosilicate of iron. The green
PR themsint ese sﬂlga:tes of iron and water, and orad%lall
it (i) a persilicate. The reduction of f)ersiﬁcate inti
il G t; ]1;‘8 conversion into carbonate of iron has been
kbl /e th‘; I ischof’s _experiments. { It followed from his
e et 'da ;composmg organic substances in the presence
i ersﬂc'l tre uced hydrated peroxide of iron to protoxide
S gf thelcia e of iron into prqtosﬂicate and carbonate of iron’
i e rorilstonef bands thin sections placed under micro:
et 1oiun ga\'ltles filled with red ferric oxide. These
S ki grains of some highly ferruginous mineral, entirel
Theposeh by water and carbonic acid. S
- Ofseﬁl‘engéal‘relgxons) will appear more significant by makin,
e Ty unt’s beautiful illustration.f The chemis%
poiiahiind W.:hlron as diffused in the rocks exists chiefly in
T ﬁ1lt oxygen, with which it forms two principal com-
impreg;la,ted \‘S't, }(l)r protoxide which is readily soluble in waters
S emw.d carbonic acid and other feeble acids; and the
i Spe&kpof :;]1 e, which is insoluble in the same liquids. ¥ do not
e te;l magnetic oxide, which may be looked upon as
it e othfar two, neutral and indifferent to the most
s, a‘gi)riqes. The combinations of the first oxide are
ol el S or a luish or greenish in tint, while the peroxide
e s s wx;) 1a.n 1s.the substance known as iron-rust. Ordina
vl yrowre'd ui)sh in colour, and contain combined iron in tlz
= Zt]his Om. de, ut when burnt in a kiln they become reddish
- g convertztl -eat;bsorbs from the air a further portion of oxygen’
i g 1&1 o peroxide. But there are clays which are white; '
eopk o ias :n_ are much prized for this reason. Many of these
okl il§1n0u1~1 clays, which have lost their iron by a process
‘which is cov%redgu?iréhai?llzl‘?do:S\'vithIfiwe e cindoby oo
‘ ecaying i
observe that the stagnant water which coylllezt:ﬁe:ahgqblgtt:)v; :;zi

* Chem. Greol., vol. ii, p. 132
t Op. vl i p A
+ Chem, 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 & compound of peroxide of iron... The .
water as it oozes from the soil is colourless, but has an inky taste,
from dissolved protoxide of ivon. When exposed to the air, how-
ever, this absorbs oxygen, and the peroxide is formed, which is

no longer soluble, but separates as & film on the surface of the

water, and finally sinks to the bottom as & reddish ochre, or under
somewhat different conditions becomes aggregated as a massive
jron ore. A process identical in kind with this has been at
work at the earth’s surface, ever since there were decaying organic
matters, dissolving the iron from the porous rocks, clays, and
sands, and gathering it together in beds of iron ore or iron ochre.
Tt is not necessary that these rocks and soils should contain the
iron in the state of protoxide, since these organic products (which
arg themselves dissolved in water) are able to remove 2 portion of
the oxygen from the insoluble peroxide, and convert it into the
soluble protoxide of iron, being themselves in part oxydized and
converted into carbonic acid in the process.

Thus we see that decomposing organic matter has the property
of reducing the oxides of iron and rendering them soluble, and in
this process the organic matter is consumed and converted: into
carbonic acid and water. In this way we may regard the beds of
hydrated peroxide of iron in the Hawkesbury rocks as representing
destroyed vegetable matters. Some of the carbon is however still
preserved in the chales. Lenticular masses of coal and vegetable
impressions are common. In some of the concretions of hydrated
ferric oxides casts of the tougher fruits may still be found.  Thus
in a sandstone on the Burnett River I have found & cone beauti-
fully preserved, and closely resembling some mesozoic Cycas. This
will form the subject of a subsequent paper. At Dubbo the
vegetable impressions are often composed of peroxide of iron.

Any one crossing the Blue Mountains must have noticed the
capping of yellow soil on the sandstone. This yellow colour is due
to iron, and represents the oxydization of the underlying rock
materials, produced by water holding carbonic acid in solution.
This carbonic acid is derived from the decaying vegetation of the
surface. If we ask what becomes of the trees and grass which

ow on the surface, the yellow soil gives the reply. This repre-
cents the surface vegetation of ages. We need not wonder that
fow or no fossil impressions remain of so abundant a vegetation.
The oxide of iron consumes all. 3 ‘

Mized origin of the strata.—We must not suppose that in an
immense deposit like the Hawkesbury rocks one explanation will
suffice for all the appearances met with. We may expect to find
other besides wind-blown strata. This will be best illustrated by
a description of whatis at present going on in one of the eolian
formations of Europe. There are fow who have not heard of the
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ﬁiggesl (Heaths) in the south-west of France. In this extensiv
o ere alre over a million of acres covered by shiftin san.de
e sx\ m‘x lion cubic yards are carried along each yeargby lth(')
= s.on great many of tht'a sand dunes exceed 225 feet in height,
e rle s;.ref over 300, their height depending on the thicknesi oi‘
i oft,:: 0 anl'. Pools of water are found on all the sand dl;neq
i it ﬁ:é;gl le;f(e*l)ar‘ gldden by a c;)ating of sand which does nc;tt,
R ng a dangerous pitfall.  These pools i
zlfglsgi (;v. ith the shlftmg'sunds, caused by the ﬁllingp up wiatll‘fsiﬁlsi
- e,. 'zi.nd thus pushing the basin along. The formation of lakes
fca,t,ur:sl sl 11lezlm the i‘rcnch Landes is one of the most remarkable
C hem, row of ponds differing in sha : i d
; : i e
Igncilllgrallg parallel with the coast, is prolong%d ove:{; S;I;Ses(l)zfe ib;; ¢
N fséet, zlr)lz)ei ;)fi:hesg were originally at the sea-level, and are now
| A re it. ne covers an area of 15,000 acres
gﬁe?&i ;z‘_ea léa.s been reclaimed by planting ’pines. .Sc;meli:fxlllli};
s growx;ﬁeo% ‘11 :estar;'d is arrelzs ted by circumstances which fa,voureld
getation, and at Arachon forests of gi ic pi
have covered one sand t ’ i ot 45 ook Tt
ract, with oaks which were 46 feet in gi
. eet
zﬁ?eLiii{:s&gol' Ox;lthe other hand, there are plenty of pllgc%;ﬂi;g
wliere e tr
e here are traces of former forests now covered
e fll‘aitflss g;fii;nggrpci;:izct t'ot ]ﬁr;d in the Hawkesbury formation traces
> sits, with former marshes and lag
fishes would become  ent o i G e
v ombed, and the v i i
found in this sandston ’ o
stone may be explained as follows:
i thiy san ¢ ows:—I
S:l;a?s ex%)echtlons he found in Lake Eyre, in the ce-,n’t.raa\.rl1 3;2;?
i lllrngr\l‘; 11en tllle Wlittcelrs had become very low, a number of s;xlal,l
h 2 d and caked in salt. Now it i S i
ilnftmg su.lnds which form the shores ofltli?selislz’etz;g:e};ios‘}‘: m't{lz
e covered by an advancing sand d d tl i a
bl P g sand dune, and thus entombed as
o y formed a belt along the shore about 12 yards
o Sézi:zelseg—ghgri is not much difficulty in accounting for the shale
By nds oile areas. They are the remains of fresh and
TR zs or lagoons, such as are now found in the central '
Queenslg, o ustralia. The process may be seen in operation on the
i Hco‘a.st." Near Maryborough, or rather Pyalba, on the
arvey’s Bay, and again on Great Sandy lsland, there

.18 a deposit on the site of former marshes which is very like turf

or dark brown coal. Itis full of vegetable remains such as roots

.and stems, wi i i
s, with grains of sand sufficiently numerous to give the

$§Tsn§tlggie co%si’stency. In spite of its carbonaceous aspect it
s n. Except that it is a younger deposit, it is like the
i kt;eou%;hales often found in the sandstone rocks.
reeks.—We must also expect to find i :
i - P nd in the Hawkesbu L
e remains of creeks and streams with their denudingr);éggtss
)
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i t
which of course would be very gfeasegriv% ilg}fsi?aia;ngzegeé)&s:&utgd
= " :’ Xplmnngll‘l t%?ﬁ:?x?s%?\a:mtl}l\e Government Geo.logi‘st,‘ thus
o 1ce‘bac 1101151 a pe'a.rances.* «In the sections exposed in th((la q:ﬁr-
d'escmt eEs‘)osrlz LIaIc)qual'ie, ‘W oolloomooloo, Flagstaff Hill, i\n' 0 sr
I;le:c:s may be seen angular bouli}ers o£1 the sh:sl:,(,) I?: fﬁ :Illzees;l : sIt);

20 in di smbedded in the san ;
" Zfo ifle:n:;mi;&r::rfg ’o(t:nt],hem standing on end as regar(ii : th:ﬁ:
cgn t},li?icabion and others inclined at all angles. They con lwxvlhich
pin fossil p,lants that are found in the beds of shale hi?im i
i%?ehave evidently been derived. These angular bgu e;smixed
a};l always immediately above the shale beds, and ar friv
Ivlvcit.h )w'lery rounded pedbles o(ti qglartz.b Tglegrv girlztsoir:e:u;frz i-p{fa,stic

g ad been ben :

cur\é?t(:l' oirts ;rlllgl?l:l}:a :}}1193); %)leds occasionally terminate abx(‘iuptlzitzg
i(t)lgu:lll b;oken off. Had the boulders of soft shale b_ee? ; ;pi)v e
in their present position by running water alone, their or g
have been rounded instead of angular. It would apg?lac Al
: shale beds must have been partly disturbed by s%mcil ey gming
E that of moving ice, the displaced fragments 0 .sda Loy
?:)mmingled with the sand zi.]ndbrgledbgsgbéﬁz s?::{gchac%i?,aig .

3 i in the beds 2 :
: thllg:ﬁts- boglﬁz:fgogzétll}; a fow rounded pebbles of shale, showing

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
account 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
creek. What a sudden downpour of rain and a flooded creek will
do in breaking up loose beds must be familiar to any observer.
Here are a few examples :—In August, 1829, a fragment of
sandstone, 14 feet long, 3 feet wide, and 1 foot thick, was
carried 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
stone, 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
swollen by a flood in August 1827, “tore away from the abutment
of a mill-dam a large block of greenstene—porphyry—weighing
nearly 2 tons, and transported it to the distance of a quarter of
a mile.”*

Glazed surfaces.—In these blocks of shale there is often a dis-
position to divide into small blocks of irregular form but curiously
glazed surfaces. I have noticed the same in carbonaceous allu-
vium 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 I have already described. When dry it breaks into
irregular blocks with glazed surfaces. Again, the same curions
appearance was noticed in a creek near Lytton on the Brisbane
River, which also is close to basaltic rock. It is quite a recent
formation, some of it having accumulated within the last few
years. This must not be confounded with glazing from friction,
as the sghale is too soft to take a polish in that way.

Denudation.—There is nothing in connection with the Hawles-
bury sandstone which has been matter for speculation more than
the manner in which it has been denuded into such extraordinary
precipices and gorges as are found in the Blue Mouyntains. It
must be remembered that there is not the slightest evidence of

-upheaval or subsidence, except at the downcast already mentioned.
As the beds were deposited, there they have remained. In the

distance a few of the
ts had swept along for some
;trlxat T:: f?;;ﬁgnts until they had become rounded. T%es: gi;?&zi
a.regllllsually oval in shape, and are e}mbedded 1111 suc! A i
that the longér axis of the pebble 1s .nea.rly a Wg‘s s
: dips towards the south-west,——tllmi :ll}dw:,'tmg. t}:ﬁ; s :S o ag s
| . had chiefly come from that direction ;
1 ‘{;\cl)l;ﬁ?i[;iss ?:tlfe be,zl’s below are, as bfefox"’e Iixelwiz;%réii; cgﬁfcl;s‘ﬁlz
: without .regard to size. n i
}\173%%)15'(1 szgxg::,h:r:——“ From their lithological character .thel H%\:llﬁ::v
| bu;y 11I't>cks; agpear to have been formed ina compara.té:e y Tshis or
: i biect to rapid and changing currents. Lh1S
! ey g(l)l‘llf;lltli;:iags utl'le west bI;' the mountains which (;icteéxc(l) fn;ht; i
wastherly direction from the Shoalhaven River to the : e:hore-line =
r(x; ulburn River. Tt is in the rocks near the_ amcuan,d ebbles‘
thoat we should more especially expect to find 1ce-groov: , IP e ;;
but none have yet been discovered. I_ts northern ma& %d" gra
to great denudation, cannot so readily be d'eterx.mr; i
pro}%:.bly did not extend north of the I};Iu&ter I:;::: ,o? d rorer 3
i tension is lost beneat e w ‘ _Sopth
tlll:ci%?tOlct:a:ﬁ Mr. Wilkinson copxpar:{s1 thes?nit)(ﬁ:sksogvx;ﬂ S:};:
L sandstones, and cites the OP g
i g&?'?risarﬁagaintree as to those formations being formed under 1cg

* Lyell's Principles of Geology, 9th edit., p. 208, where similar instances
&y given in great number.

i action.
o §

-
* Jour,tRoy. Soc. N.8.W., vol. XIIL, p. 106.
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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
ttis notion. To attribute these hollows to the present alluvial
action would be preposterous, nor does the drainage always, as 1
remarked near the Weatherboard, £all 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 being'
struck with their resemblance to the bold sea-coast. This is cer-

tainly the case; moreover on the present coast of New South .

‘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 the great
valleys of the interior. But then occurs the startling difficulty :
Why has the sea worn out these great though circumscribed de-
pressions on a wide platform, and left mere gorges in the openings
through which the whole -of the vast amount of triturated matter
must have been carried away? The only light I can throw
upon this enigma is by remarking that banks of the most irregular
forms appear to be now forming in some seas, as in parts of the
West Indies and the Red Sca, and that their sides are exceedingly

steep. Such banks, T have been led to suppose, have been by - ;

sediment heaped by strong currents on an irregular ‘sea-bottom.
That in some cases the sea, Thstead of sowing sediment in & uniform
sheet, heaps it round submarine rocks and islands, it is hardly
possible to doubt after examining the charts of the West Indies;
and that the waves have the power to form high precipitous cliffs,
even in landlocked harbours, has been noticed in many parts of
South America. To apply these ideas to the sandstone platform
in New South Wales, I imagine that the strata were heaped by
the action of strong currents and by the undulations of an open
gea on an irregular bottom, and that the valley-like spurs thus

left unfilled had their steeply sloping flanks worn into cliffs 3
during a slow elevation of the land, the worn-down sandstone’ 3
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being removed either at the tim
: 1 e the narrow gor {
by I\tIllgz ;e({;?ea&m%rd gfg or subsequently by alluvial g,gtig:xi”“ e
ke de s c;;lltles suggested by Dr. Darwin are met b
en e 1(: a/ ience of upheaval or marine remains is fata?i
e ieins it fant er hand, t.;he aerial origin of the rock exactl
v Tealp o b fs. These immense sandhills may have beei
oy’ e tlrom one anothe:r,'or if united, could have been
doulh the Lo ble gorges previous to their consolidation. No
and by the ey ecome precipitous to some extent by weatherin
B Th e fe}lnng away of outlying masses of loose sand. It ig
perpendicuer d_oose.. aggregations of sand to consolidate in the
Popencioriar ¢ bl.rectlon, and this is best seen in the deserts of -
. ia, where the consolidated sand has formed the
PRt Sp bg; crzlcxglces and gorges. I do not think that the denu-
e e er)(vi great, for most of these aerial hills were
e e used to be the custom to refer the small horizontal
N rs on the pops of mountains to the remains of an
Ty thgm;?txgr}cgﬁzgil’sh%? lloeen denuded away. I myself
s nor ob, near Cooktown, and M
ho;g)orillé:ixii,l ntear Jervis Bay. Such stupendous d’enuélat?ggu:xg
ey 11)1 :,, without any upheaval or subsidence, baffles com-
P u ltwhen the aerial origin of these outliers is under-
k5 sa(;;tl Sg' va,nlllshes. There has been little or no denuda-
g one}s1 as been deposited just where it is found
Ry much larger than we see it now. But the ver, ;
e 8%)‘i’nenz‘:‘show fragments.; of rock at their bases whicl{
e }Ly rom the undermining of looser friable portions
W o hgto fsamd.—A difficulty with many will be the im:
jres ;bou to A %hese sandstone cliffs, some of them being most
W e b(l)O feet almost perpendicular, Probably the
o e 0 > own ‘sand is less than half this, and sandhills
Cupe s are ‘ound in other places. At Cape Bogador and
b e ey ls.ucll e over 600 feet in height. Another difficult
e it nzo idation of loose drifting sand into stone. Tha%
sy a(xiuens méco stone is certain, for even the recently
it nes of Cornwall yicld a stone which is used for
i) fact%ftgesles'd The accounts of all observers confirm the
P l\}a.r Jenmg of sandstone from drifting sand in Africa
e r. James Haswell gives an interesting account of
omiein 2. Gourss of for;natxon in Tifeshire.* The sandstone i
, near a railway bridge at Ardross, was resting upon ca:

& boniferou : i
. terous strata, above which wasa bed of tenacious clay contain-

ing recent i
g shells. Above this was blown sand which was washed -

£ 4 :
_down by the rain over the clay, and deposited on ledges formed by

th Ear: .
e projecting beds of shale, while the siliceous particles of which

$The i
peper was read at the Edinburgh Geological Society, January 21, 1869,
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te of
the sand was composed were cemented togethe;esi)‘fr e?f‘lf):;\; .
lime held in solution by rain-water. It.ws:;e MG
recent shells which occurred not only 1{1 i hydrs,ted
lay. The cementing medium was also partly comI{.ke o
%ego.xide. The result is a hard sandstone, not unli
01(1105‘ i(;a;ex.‘emarkable fact that stone derived from :2: ;;3;1&)13&1;
d hardens by exposure, probably from the grea kg
aff ded for the formation of the great cementing medium, e
ag'qr e ’(File initial cause of the consolidation would_ of c:}t:; s
(t)h 1ro:t;ssure and this is why we find in thesg fomgzl.(ﬁn; gl
s tres of’ the highest and heaviest sand-hills. St o
e Z d that t%e strata of all these mountains n,x}':e. e
l‘emegl eriure ortions of them containing shales, whic Prshes.
ion n}a: ve iaela)en at one part of their history lagoons or1 ma; L
t'i‘hlfén ﬁtr?e :grial siliceous dust of whiqh much of t:hls:3 ré)g i:dlfv it
d would also consolidate very easily by the mer it o
v e of sand above. The hydrostatlp pressul}'le, g
izgdplt‘:?srsnsolidate graphite, would be nothing to the e
th(m:gmulsdof ?élssifssmd'of the Hawkesbury sands.tonq 131 oii 1&
vef;g,il;etexure; and of a peculiar salmon colour, which is planly

by the resem-.
seen in some fresh broken masses. I was struck by

blance of its colour and grain to & thick dleggs;t o";': ;:x;cll.) rwi‘;lgc(f;
fell on the Mosquito Plains on October 8, : d o
) .ar was particularly dry, and the hot winds 8 it
thaf ycazt da plight of that morning the sk}'f had a m(:ls‘h ;; e
Tari (}ir earagce very much like dull copper 1n colt_)ur. tchi Pk
lurll agp but an’unequal tint or turbid appearance 1n patcl g
nl(l) ; 0\(11 :,ra id movement southward. The thunder w:.; m;sominé
Zn(zlwwiith a 1})uu'sh metallic soun'%hvezi_y lzl&fg;ng sgimtlo ‘ }foot i
ral e lig s
eChoel: % hi?ci“{cb;ciséltﬁe(:ngis.ln the middle of the day & hsitea,dgié'ﬁu;
Z}fleﬁieydlll:st began to fall, which soon covered everything
t=}

& . i and '»
yellow or salmon coloured crust. I gathered quantities of it, ,

e 5 Skt
Tound it to consist of very finely dwxded.grams.of zéourisifai ofma,ce%;
s 1 Atthattime I'was interested in looking for o
IIloussfal;ri'nw to my notes on the subject, I do not tmc(l1 ar;ywa’s o
th: :geepresznce of any angular particles, but the dus

i i its closs 8
tremely fine that an inch objective did not suffice for its clo

i i wing strongly
inspection under the microscope. The \21;1;1 ;v::nlgizry g ngin
from the south, and the sand was moving

oof 3

er stratum of the atmosphere. The sand came frgr?rglllre: iglgom 3

iﬁglgle)sert about 500 miles to the north, as we 1ea1,'r1;fere om repe

hich reached us some ten days subsequently. T e i 4

g dous northern hot wind ini that locality, an red s 1
g:? ﬁ:er? ‘{)S].OWB away in large quantities, 50 a8 quite to exp
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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 comsiderable pressure before
crumbling again. I have no doubt that some of the Hawkesbury
sandstone is composed of such a deposit, which probably was
derived from a desert interior, where the moisture was less.

Eolian sandstone in Clina.—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-
eaux 1,800 métres 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. Tt 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, into the pro-
vince of Kansuh. This enormous deposit, according to Richthofen;
is solely the result of atmospheric waste and wind action, and he
has brought forward a large body of interesting and important
evidence to prove his theory. He insists also upon the fact that
the organic contents of this deposit pertain exclusively to terres-
trial remains, asin the Hawkesbury sandstone,

Dr. Geikie, in his Pre-historic Ewrope, from which the above is
taken, adds (p. 167) :—“It may be that we have hitherto under-
estimated the action of winds as geological agents in dry continental
areas like those of Central Asia, and that aerial currents have
played a much more important role in the past than has been
generally supposed. ‘No one * can realize the capacity of wind
as a transporter of fine material who has not lived through one
great storm on a desert. In such asimoom the atmosphere is filled
with a driving mass of dust and sand which hides the country
under a mantle of impenetrable darkness, and penetrates every

fabric. It often destroys life by suffocation, and leaves in places
a deposit several feet deep.” But such rapid accumulation occurs, .
I presume, only in the desiccated desert or its immediate neigh-
bourhood. Deserts of shifting sand increase their bounds by a

.gradual encroachment of the dunes of the peripheral regions, con-

tinually advancing in the direction of the prevailing winds. The
lighter dust which is carried on the wings of the wind and

- frequently transported for distances of several hundred miles,

* Pumpelly, Amer. Jowm Science and A#t, vol, 17, for 1879, p, 189,
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leaves but & 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
wo have to deal in the Hawkesbury sandstone. Ours isa sand-dune
area possibly not wholly like that of the Degert. It is no use at
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 o 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. 1f we remark how very little if any of the present
vegetation is preserved in present soil we may be surprised to find
so 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 accumu-
lation of dust rapid. After the upheaval of the Permian strata
the area may have been a desert region in which & few coal plants
survived.

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
Deen as late as the Cretaceous. The evidence of the plant remains
is as yet insufficient to establish any period.

Stratified rocks not all aqueous.—At one time every formation
1ot obviously fresh-water or intrusive was hastily concluded to have,
been derived from the sea, whether it contained marine remains
or not. But we are no more justified in calling rocks marine with-
out direct evidence than we are in calling them fresh-water. We
are not acquainted with any existing sea-bottom utterly destitute
of marine animal remains, no matter what the nature of the bottom.
Foraminifera at least were always found, and these have existed
from the carliest geological periods. But we have never heard of
any marine area where the dredge brought up only plant remains
and vegetable shale with sand destitute of lime and with small
rounded pebbles. Mr. Selwyn, in his Notes on the Physical
Geography, Geology, &e., of the Colony of Victoria,* refers to the
absence of marine fossils from the lowost beds of the miocene rocks

of Victoria, succeeding beds of evidently terrestrial character.
This he calls a marine gravel. It is a wid

* One of the Intercolonial Exhibition Catalog
in 1866. o

A dry climate caused & rapid disintegration of strata .

e-spread formation,

ues published in Melbourne -
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uvium into the plains below. At first
Mons. Virlet-d’ Aoust imagined that this was an alluvial formation,
Jerived from the washings from the mountain sides. But the

dto cap the isolated mountains. It could no

deposit was foun
have been upheaved, for it was horizontal, and in any case included
facture, besides

fragments of pottery and articles of human mant
wood and plant remains. ‘As for its recent upheaval by volcanoes,
none of them have reached the height at which this deposit i
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, or
« pomolinos de polvo,” 88 they are here called, which are whirling
along from various points on all fine days, ‘carrying up in their
course stones of very considerable size and other objects. These
weret thrown to heights of nearly 2,000 feet above the plain.
Often the higher stratum of the air is rendered quite like &
yellowish cloud from the quantity of dust remaining suspended.

T need not give all the arguments or the details of the facts
which establish beyond & doubt that the formation is an saerial
one. 'The able observer who thus explains the formation draws
attention to the fact that there sre many similar deposits. He
also remarks that if the intermittent effect of whirlwinds would
produce such & result, how much more vast and regular would be
the effects in those places where the winds are constant in direction
and strong, while passing over desert vegions, Thus in China, the
trade winds which cross the great desert of Gobi often bring &
continuous rain of dust and fine sand over the southern regions.
Dr. Macgowan deseribes one which lasted several hours, and was
o dense as to hide the sun. _

At Fontainebleaw.—The sandstone of Fontainebleau is admitted
by most geologists to be a formation derived from sand-dunes. It
contal
called *alios,” which is also found in the sand-dunes of the
Tandes.* The sandstone referred to occurs at Cernay, and both
there and in many other places it is distinguished by the absence
of level horizontal and regular stratification and the absence of
any fossils. Mons. Stanislaus Meuniert gives the evidence in
support of such an origin for these rocks and the sandstone of

the whole debris carried as all

Rilly. He says that the suggestion of their eolian origin occurs .

to the mind at once, but this idea becomes & certainty when we
find that they have the characteristics of the true sand-dunes of
the Landes, and they enclose the same shales with the peculiar

« glios” found there.

* Comptes rendus,
Cloetz, p. 38.
+ Comyptes rendus, vol. 85, p. 1240.

. rounded‘like water-worn pebbles.

ins beds of shale and lignite, and & peculiar hydrocarbon 3

vol. 59, p. 64. Also an analysis of the substance by
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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 s0 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
found in Central Australia, but no amount of ocean or river
action that we know would produce such results. It is thus I
offer 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,
in Queensland, they are cemented together ; at the Liverpool Range

" in New South Wales they are often found loosely aggregated, At

the Endeavour River the same features manifest themselves, just 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
an ocean will meet the requirements of such an area; and then
the presence of land plants, and the absence of marine remains,
meet us again to destroy the ocean theory.

Ice action.—I have now a few words to say about the ice explana-
tion for these rocks. It is true that there is a very scanty amount
of fossils found in marine ice deposits, and also that they are quite
wanting from some glacial beds ; but, as a distinguished geolo-
gist 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
the presence of the sea. These indications are—(1) Till; (2) Mor-
aines; (3) Glacial mud; (4) Boulder clay; (5) Ice grooves,

Till is a deposit of excessively dense
clay, stuck as full as it can hold of stones of all sizes, which are
not arranged in any order, but look as if they had been forced and
rammed in anyhow ; big and little, angular and rounded together.
Those fragments which are rounded, and in fact nearly all of them,
show ice scratching and polishing.  Moraines are confused masses

vof earth and stones jumbled together without regard to size, weight,

or shape. The fragments are less grooved or scratched than in
the till, because they have ridden on the top of the glacier ; but
they are always arranged in lines along a valley, or in a horseshoe-
shaped heap across the end of it. @lacial mud is an extremely
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i igsui the base of
it of clay derived from streams 1ssuing from ‘
ﬁiﬁ:iiisomlt is fgmed by the impalpable mud which ;eprlesem;,i
%ocks ground down by glacier action. ‘Boulder clay is a.fc zpos;
formed partly by the drainagedfrom. glacxgs,d an% E)a(.:rliy OBo;T:el-'

ted blocks of large size and various kinds 0 .
Ef;y is stratified, bug the stratification 18 often thrown into la.r{,ie
folds and wrinkles, and ploughed up as it were on a gigantic scale
by the former stranding of icebergs.

T do not think it necessary to go into detail in this matter at?;
more than to say that we have none of these form?.nonls m&nd
Hawkesbury rocks. The sand is utterly unlike any 101?_ c a,i,s o
4o are the included fragments. We have no such t .m% A
scratches and grooves. Mr. Wi.lkmsor} mentions om;) ins alI;ea,d o
boulders which he attributes to 1ce acthn——thxs has einda crin
referred to—and alludes to another which he doeshno hes e

' But if the ice interpretation were the correct one t t?z s OIu e
the rule and not a rare exception in these vast deposits. i
every confidence in the wide experience and consclentwu?} 0 Te ist
tions of my esteemed and learned friend the Grov?rnmeut,1 €0 ggcts, :
and since I differ from him in the mtfarpretatlon of these Ia . é
T should like also to record here my high sense of the s&rvw:ad
has rendered to geological science In New South Wales, the ready

help he has given to me 1n these inquiries as well as on all other
e . l laci t have come
But another difficulty is, that these glaciers mus ’
from an enormously high land to produce them on so gmm}il : 1
scale. We have no evidence that there has ever been suc 3
mountain range. If there had been, it must have d1sap1;ea.rei) '
under a great and rapid subsidence. Yet it is upheaval, no . s:h- k
gidence, which we want, to account for the presence O 115
gandstone 3,000 feet and more above the sea. There 1sfno parzl& o
in all geology for the appearance and dﬁlszzlp%f_arzncesﬁ f::-osvrilthin
wos in this manner. Moreover, we find this ceposi =
zazir?)pics and where is the glacial system that \\.rould include ‘sulflh
climatic c},m,nges? Finally, ice action 1s certainly unfavoura : 3
to the formation of coal and the luxuriant growth of ferns,11 yeI E
these are the common remains in the §a.ndstone. But:b 'reaé y
do not think it is necessary to pursue this part of the subject any
i ke the slow acoumt- §
Conclusion.—If these Hawkesbury rocks are the S5V :
lation of aerial deposits since their upheaval from the sea, wefh:.}ri:
in them a monument which marks the extreme antiquity o : =
part of the earth’s surface. We cannot fix precisely the age o 1
the beds on which they rest. The advocates of the greatestage g
would rank them as Permian, while the most extreme opu}tiodlis ox;
tho other side would not rank them as newer than the middle o 1
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the Mesozoic veriod. The plants give us no great clue. They are
those which belong to the Upper Coal basin, such as Thinnfeldia
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
no such beds here in New South Wales. The beds with Z%inn-
feldia in Queensland are similarly disturbed, so that the Hawles-
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 connectsy
_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-
canic 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 volcanic ash. It was quite different from what grows around
us now, as far as the fossils will guide us. I may thus summarize
the results of this essay :—

1. That the Hawkesbury sandstone is a wind-blown formation,
interspersed 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. That the peculiar lamination of the beds is due to the angle
at which dry sand slips and rests when blown by the wind.

.4, The beds of ironstone represent vegetable matter destroyed
in oxidizing the iron, and this is why so few plant remains are
found.

5. The irregular layers of the sandstone formation probably
represent what was a tranquil portion of the surface for a time,

on which there may have been a vegetable growth now represented
by ironstone bands.

6. The smaller gravel may be wind-blown ; the larger may have
been derived from creeks. This is also the origin of the fragments

" . of shale. The creeks have undermined them and broken them up.

7. Conglomerates may have been derived from stony deserts,

such as we have in the centre of Australia. They represent all

the stones of a sandhill district from which the sand has been

‘blown away.
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8. The precipitous cliffs of the Blue Mountains.oirehthe '11))”‘11;
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 Australia
in mesozoic times, while to the north and north-west there was &
i terminated by the outpouring of vast

i ermi g :
qu;rlx.tigi?: totflnsvgﬁ;e;itew:sck, which altered the drainage and
probably changed the climate. ES =

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

13. This formation differs but slightly from other anil/‘[ more
oxtensive aerial ones in other countries, especially in Mexico,
China, Arabia, &c. i

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

APPENDIX.

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

ali ¢ Challenger.’”
sraupA.—From “Notes by a Naturalist on the g
s By H. N. Moseley, M.A., F.R.S. ; page 18.

The islands are almost entirely composed of brown caicaf:;);s
gand, more or less consolidated into hard rock. Iri se:vez::d slt)-, coni
and especially at Tuckerstown and Elbow Bay, there B
siderable tracts covered with mod'ern sand-dunes, sczlm;a1 iy
are encroaching inland upon cultivated ground, and ha

whelmed at Elbow Bay a cottage, the chimney of which only is-

now to be seen above the sand. The constant encroa.ch.me‘nt of t{.unfs
is prevented by the growth upon therroxr of ]sth;ml E}llnldlrr:g fe:& ;,
i ] ickly grass (Cenchrus), with long, ety
amongst which a hard prickly g ¢ i {he teettig
i is the most efficient, assisted by tral
penetrating root-fibres, 18 D o g
Iponuea pes capre. When t:hese inding p1 O e ol tis
smoved the sand at once begins to shift, and the burying oI
fltolllll:(; C(mxd the present enc;?oachment at Elbow Bay, are :mdtao
have ;)riginated from the cutting through of some ancien san

hills for military purposes.

The sand is entirely calcareous, 2 hite whe .
massos.  When examined closely, in small quantities, it 1s seen

consist of various sized particles of broken shells. By gathering

and dazzling white when seen in
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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, Cardiwm,
and Arca, 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-
podous 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
Serpulee, corals, calcareous alge, 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
Bermuda and its natural breakwaters and protections, without which
it would not exist, are formed of corals; the part above water is
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 beach
and there pounded by the surf. As the tide recedes the resulting
calcareous 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
the dunes, and taking lime into solution re-deposits it as a cement,
binding the sand grains together.t Successive showers of rain
oceurring 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
in the mass of sand, alternating with seams of less consolidated sand
which are to be observed commonly on the surfaces of fresh sand-
dunes. These layers or strata of the hardened sand follow in form

* It would be of great interest to determine, by careful microscopic
examination, what are relative percentages of the various calcareous struc-

B tures composing the calcareous sands of coral islands in different parts of the

world, I collected specimens of all the calcareous sands accessible during
the voyage of the ‘‘Challenger,” with that object. They vary much in
composition, some being mainly foraminiferous.

" « T The process is described by Jukes, in his account of Raines Islet,

“Voyage of the ‘Fly,’” p. 339.
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the contour of the dunes, and thus, where these have been perfect
domes or mounds, dip outwards in all directions, with’ curved
surfaces from a central vertical axis. Such an arrangement is
constantly to be seen where sections of the older rocks are exposed.
T saw especially good instances of it in & small island, near Castle
Island in Harrington Sound. Where banks or long ridges of sand

have been formed, strata following the surfaces of these in inclina-
tion are produced.

All kinds of curious irregularities in arrangement are to be found
in the bedding of the strata, resulting evidently from the encroach-
‘ment of one dune upon the edge of another, or the action of
various eddies of wind, or the burying of a small dune in the
edge of a larger one. In some cases an already hardened dune,
after having suffered denudation by the action of the waves, has
bedome buried in a more recent sand mound, and this process
o been repeated several ‘times, as the accompanying
diagram showing the arrangement of bedding in some rocks ab
Castle Harbour will show. T saw no rock in Bermuda with an
inclination in its bedding of moro than 35° 30/, which is not much
more than the slope of some of the sand-hills.

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

may hav

Nelson terms it ¢ eolian formation,” in his account of the"_"‘

geology of the Bermudas. T

Jukes observed that in Heron Island the main strata of cal-
carcous rock composing the island dipped outwards from the
longi‘oudinal axis of the island towards the shore, north and south,
with an inclination of from g° to 10°, and Nelson observed similar

dispositions of the strata ot Bermuda.

The rock at Bermuda presents all degrees of consolidation, from -
beds of mere unagglutinated friable sand to extremely hard com- . 3

pact stone. The main component rock is a good deal softer than
Bath stone. A much harder rock occurs at two places in the
islands only, and is quarried for the construction of forts. The

red fragments of Spondylus shell are especially well preserved in

it. A bed of lignite was found at o depth of 40 feet below the sea-

level in excavating for dockyard purposes, being evidently an -4

ancient peat bed, such as those which now occur in.the islands,
overwhelmed with sand. Besides these primary sand rocks, &

conglomerate is being formed on the shore in some places com-

posed of beach fragments cemented together, as usually occursin 1

coral islands.

* Dana, Corals and Coral Islands, edition 1875, p. 182.

+ Major-General Nelson, R. E., On the Geology of the Bermudas, ‘

Trans. Geog. Soc., London, vol, V, 1840.
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DiscussioN.

Mg. < Yover: i

E fol\l?t)r\l\f‘sh}i-stf, (;O'V ernment Geologist, read his paper in reply
= a:ble . (zle. it mcgmbent upon me to offer a few remarks’f.
e Ten_n n{{:;restmg paper which has been read, because
el t;) ) ison- oods has put before us a theory not only
3 gnnrhel c)e. }mwg entertained by all previous observers as to
k5 evidnbm of the Hawkesbury sandstones, but also to the
supposec tl]iseg‘;ii:'thmhf]:'had the honor of bringing under the
de}iosition i s g'c,kg ice action having been copcerned in the
freelya::; ! :{;1:,0 Mr Temson-\V(_)ods is desirous that we should
g e )} o E;evxe\vs upon this very interesting question, for
= a copy of his paper several days before it’wa,s ’

T

o b%l:wlifgzgda(si you..ha.ve heard, deals largely with the formation
ke e ipomts ; and the description given of these is, in
i endorsinlire%{ S, Y_{fry- accurate. I may, perhaps, be justiﬁeél in
T e
- 1 sand deposits during tl

- e&tg g:a;i bI tf,h;:[l,ll not, therefore, dwell further upog t}:ies }I)):::
propoundsp ,‘ Vu ] must take exception to the theory he now
Propo Ha;vkesbere it not that I have made careful examinations
e E;y series in numerous localities, I might have
o scientl}gi n%e in questioning the opinion of “such an
et il b7 ‘1, ¢ observer ; and seeing that Mr., Tenison-Woods
T Iga%ioen fusha case in point, where Darwin’s theory as
o iy bena,oli tttlz Hg;vkeslaury rocks has been proved faulty,
thc;\c/)[ry ey bo ot fanlt a'}1>so'sumptuous, and say that my friend’s
s 1'._[‘ }’f;’:}izo;l-}g ocifls }:hus summarizes the result of his essay :—
ot withwl esbury sandstone is a wind-blown formation
i gl e ago‘ops' ;a.nd morasses, with impure peat.” ]’:
extensive or eveneap(izsrl(?;iltzigi bifwn izlm(t} defp Oslits S
o - r g . than that o the Hav
di:t;‘;i:%o%e OFczll 1gstanc?, even in the Herbert and Di:rlxilzibtlilzz
hundre:i mi}ieg' ooper’s Creek, there is a vast area, several
e in e‘xtent, coverec} at intervals with blown sand
o Whoile course of formation. My assistant, Mr. J. E
i (,) e S:s C{expéored this -tract of country, informs me .that.;
ket dili, ridges resemb}e huge railway embankments, and
ol s5 8.‘806 of 1.2 nu'les without a break. They ’vary
e yards.m \'v1dth, and are about 60 feet high

generally lie in the direction of the prevailing winds. Betwegex;.

. them are mud flats, liabl i i
| 1 e to inundation. In the d
mud cracks, and numerous large and deep i‘lssureg7 ;v;:xth?; ttla.lﬁ

directi :
irections, so that in places you cannot ride across them, but have
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to take a circuitous routie alongdtlils f:‘i?llélslt{); 31;:“2311%1.:;1%;
The sand is of a red colour, an red 1
feriuginous quartzite rocks (prqba.bly Creta.cec;us), V:I}x::li,):::v z :er}I'
fragmentary state, crop out ab intervals, and form g
maz;v mention another instance, tllx]ouglh .buf:b ea:; \:;\g ki éy i
! s ng
which you all are familiar. T'he valley lyi g et oo e here
Bay is partly filled with blown sand depoOsib% - .- :
fr?z&?b};reagccurpsmaﬂ lagoons, in Whlc'h 9a1-bonageous sedxmen: tlf)
accumulating. To a certain extent this 11}ustrat10n nt}afy serlrion :
show sandstones and irregular shale beds in process O i grma; oo d,
but only in a small degree will they reser%ll)le ;IIlensari‘ rsa 331?; b
: 'mation. he Hon.
shales of the Hawkesbury forma g gy
i . me that on the Coronulla bez.a.ch, which is p
2222311; :linds, the sand dunes have risen 10 feet dul%ﬁg t;};et::::
;}Qcteen' years, burying up as they a(sv%nie gn zliz‘fulc;f 'i; : :h o
5 ) :
and other vegetation. You canno blll ficipcc P Now, i
tino and hilly surface of. these blown :
d\;hal;r(l)?{ at the bg;.utiful sections equsec} in the clgﬁ's al:;xkg)e:;i
%ondi coast, or in the smaller cliffs fringing the halx;/[ our,tains o
still, in those magnificent precipices 1n the Blue tﬁunliorizi) e
'mos”s prominent feature that you w1.11 notice 18 1?e1ism s
stratification of the beds of sandstone ; in fact, the para

main lines of stratification is & prevailing feature in the Hawkes-

bury formation, and this alone is ev(iidslnce og theagieéissh::;}xlxgs t};iig
i in wind-blown form
deposited under water. But in win : o
ion i for more than a few yards.
fication is seldom seen to extend fo (s B
inlv-laminated shales, and nne-g
Then, as regards the thmlx y e e
t onstone shales, which sometimes occu R
iizgly bggglsf sandstone: I do not see the necessity for zscrgxilg
their origin to dust-storms; for, in their 1a.nri1natéad] s&':asure;
they exabctly resemble the aqueous rocks of tmi Oarbona.ceous
and other formations. Then, again, there are tlebca e
shale beds, which Mr. Tenison-Woods lbeheves to mzr azse:,q o
igi en formed in lagoons or :
O e deposits—and there are
i il closely examine these dep ¢ Aro
i aiouin‘:;ances ofy them to be seen in the quarries a.nd :}:ﬁs
:i)ou}; Sydney—I think you will come to the conclusion A

i local currents eroded 3

d had been laid down, strong IC ded ¢

ﬁt]:rinte}llse aila(il hollows in the sand beds ;‘ th:;; q}ne: g:a:s: fgfgffﬁfﬁ .

i d not settle In 5

the fine earthy matter which coul 1 e o
i d down in the sheltere v

drifted the sand along, now settle  in the sheiocsy edks

and so far filled them up, until recurru;]g B i

£ mud, or overwhelmed them Wi 1

EF sﬁllgzgr;e%bles, "The evidence of sxﬁch changesfh:}r;nfqﬁkbﬁ :

i clear. 1 will adduce further proo 0 . 3

gi‘?;?nmof“’ e:l?e Hawkesbury series, 1n replying to the other wni 3

clusions stated by Mr. Tenison-Woods.

. bury sandstones.
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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 tho 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
the sea 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
spirifers 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
they are found above sea-level in the Wollongong and Kiama
districts. In fact, in most places where these marine beds occur
in 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

Hawkesbury rocks, for it is clear that in this locality the over-
lying 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
basin, of disturbance after the deposition of these beds; and I
believe that the whole formation, and probably a great portion of
the Dividing Range, was raised bodily from the sea without dis-
turbing the horizontality of the strata, except, perhaps, in a few
local instances. We see that the vast DMesozoic marine forma-
tion of Queensland, which extends into this Colony about the
Darling and Mount Poole districts, has been upheaved in this
manner.
The third conclusion states ““that the peculiar lamination of
the beds is due to the angle at which dry sand slips and rests
when blown by the wind.” This statement tends rather to weaken
than support the theory of the colian character of the Hawkes-
The peculiar lamination, or *false-bedding” as
it is usually called, referred to, is a structure not confined only to
éolian rocks, but it is met with in almost all sedimentary forma-
tions, whether of marine or fresh-water origin, and is regarded as
indicative of more or less strong currents in shallow water. Thave

seen it frequently in different aqueous formations. Mr. Selwyn,
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F.R.S., formerly Director of the Geological Survey of Victoria,
and at present the Director of the Canadian Survey, whoselong
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 and
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. .
Sclwyn also mentions that much ¢ false-bedding” is observable in
the sandstones of the older Grampian series. Jukes says, “That
 false-bedding’ is a proof of frequent change in the direction and
velocity of the currents which brought the sand and gravel into
the water. * ¥ Such appearances generally indicate shallow
water, and are often seen in cutting through an old estuary or
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, which 18
50 to 80 miles wide (nearly the area of our Hawkesbury forma-
tion), says, ‘ The stratification or bedding is parallel to the general
surface of the flat, because the successive additions are laid over
this surface, consequently the bedding will be horizontal, or nearly
so. The sand beds, where, in shallow water, and washed over by
the tidal currents, have often the layers obliquely laminated.
Where there are strong flows of the tides between islandsand the
mainland, or among groups of islands, the material may be in
part pebbly, and oblique Jamination may be a feature of the beds”
"Actual instances might also be quoted from Lyell, Rutley,and other
writers, of the occurrence of false-bedding in fresh-water and
marine deposits, as well as in blown sand-beds. With reference
to the angle at which sand slips, and rests in air and in water, I
have made numerous observations. The highest angle that I have
found upon the slopes of blown sandhills is 36°. At Cape Otway,
in Victoria, there are splendid examples of blowns and dunes.
Some of them ave about 50 feet high, and they are advancing
inland at the rate of about 1 foot a year, covering up gum-trees in
their course. The highest angle that I have observed by experi-
ment of rolling sand in water is 31°. Now the greatest inclination
that I have measured (and T have taken a great many measure-

ments) of the false-bedding in the Hawkesbury sandstones is an-
angle of 203" ; the prevailing angle is about 20°. In blown sand-

hills the angles of 30° to 33° are very frequent. Surely, then,
were the Hawkesbury beds of eolian origin we should have found
angles of inclination greater than 264°. This is an important

in the manner just mentioned.
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point, and tends to show that this false-bedding is due
g:t(\)vs;il&s tggl:i g):t(;\':;l;?g }(lhre'ctioixl of the dip %)f the fatljge?ll)l:cll‘g?lfz
e east, showing that the currents came from the
st direcéions{_; there are often seen beds with the dip towards
. ]&td}:e ’li‘jcr)xxllscén-\Voods’ conclusions N os. 4 and 5 refer to the origin
i ls orTes. I do not consider that the irregular baﬁds
li s epresent old land surfaces, for the bands not onl
i Seer; ipoz,lltlons b}lt are sometimes vertical. They may b)er
well se I’Ith he cuttings along the Great Western Railway be-
fveo theen:;ida:ilgﬁ ngxtil:gow: Mlostt of them have been for)'ymed
ron in solution in y ing ~
Elsess:r}il.stongsl and shales and the joints t:f:e;‘;?rg?’tﬁ):;mea;’mg d
condlllvgrsu ge has made analyses of these ferrugicfmus bz;.nds B
T thselcin states that “The smaller gravel may be wi.ndQ
i Or; 2 ?Sgerfmay have been derived from creeks.
e aén(ll % : kle ragments”of shale. The creeks have undermined
S ro ﬁn them up.”  The smaller and larger gravels are
. bzgc l.?manner in the sandstone beds that they have
the sand): ancinwlfi(c):llllghIt lg.%eﬂ;eh:arlne (lzlurfegfs Ao
ready alluded to. i
E:g:lfz?- ﬁnc}lcree}:s traversing for ang,' great di'sft)a.nc:egt ':)slotsgys;;lti
et osfutch a,l distance as these must have done, for the rounded
D o) goargi1' %ravel (\yhich are sometimes over 6 inches
i nls;xs of quartzite, black slate, quartz, silicious slate
S yt mlrle been derived from the Hartley ranges some
e ebblezn 1 X ich are the nearest formations of the ch:;,racter
b ig Sl mongst the everchanging surface of wind-blown
et exg improbable that the courses of creeks would have
iy benthy co;lstant to have enabled pebbles to have been
pebblés fm.); femt dc_)r such a distance ; whereas the transport of
il grea istance by m'arine or estuarine currents and'
ity P . ;)‘;1" md the manner in which we find these is’ well
gt gar sixt-he shale fragments, if you closely éxamine
ki b'oc?m;ence you will see that they have not been
Sbove beds of shals. that have nos been ssbarbed. The skoh
placed before you shows one of the ?e}: iy T'he ey
tilted up and laid upon the unbrokerflf)lgll'?a(:}ftiil: 23]1f:le: égdlen%ttlllt’;

I shall again refer to t
; * to thes . Jers - 1
oty rorkss ol hese shale boulders when speaking of

This is also

f‘r O?I?nggsionf states that “ conglomerates may have been deriv d
Thé E ?g; d t(:sell‘ts such as we have in the centre of Australiea :
o ysanlzl h(:; }?el nthilstones of a sand-hill district from which

) own away.” It is impossibl
conglomerates in the Hawkesbury series could lFavelbeZnﬂzlae‘zizgg

To satisfy this thcory the
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conglomerates must occur at the base of the series ; but they do not.
h the series from

Rounded pebbles are certainly found all throug
bottom to top, but the conglomerates occur principally in the upfer-
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 ma

ny sections of the Hawkesbury
formation and have not observe

d conglomerates ab its Tase.
Near Govett’s Leap the conglomerates areé cemented by iron and
manganese oxides ; the pebbles are generally small, but some of
them are over 2 inches in diameter; & specimen taken from
this locality containing 2 hard sandstone pebble is now on the
table before you. I also exhibit specimens of the conglomerate
from the Woolloomooloo quarries, as they well show the different

kinds of the large pebbles, as well as the angular fragments of
e Hawkesbury

ghale. As you approach the western margin of th
formation, near Marulan, you will find the upper sandstone beds
gradually pass into massive pebble conglomerates of great thick-
hess. This is just what we should expect to find on the margin
of an old estuary or lake. In the cliffs ab Bondi, and elsewhere
about Sydney, you may See small beds, 3 feet thick, of pebble
conglomerate. In their mode of arrangement the pebbles are

plainly seen to have been deposited by aqueous agencies.

Oonclusion 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.” The horizontality of

the beds and their structure, which I have already described, 8

obviously against such a supposition as that now stated ; I need
not therefore again refer to this. The precipitous oliffs of sand-
stone, and the sloping surfaces of the underlying coal measures
where exposed, plainly indicate the nature of atmospheric agencies

But as this opens

that have given them their picturesque shapes.
the subject of the denudation, or scooping out, of the great valleys
which furrow
views have already been published in the
Railway Guide-book,” I will not enter upon

present time.

Conclusions 9 and 10.
ions of the interior,” and “That a large

like many desert format
and arid or desert region has existed in Australia in Mesozoic

times, while to
gea.” In reference to these conclusions
many of the desert formations of the in
resemble the Hawkesbury formation, then,
already seen of this formation, 1 very much ques

« New South Wales
the subject at the

1 will only remark that if
terior” do in all respects

¢ Woods has j . 7 Y
both sides of the Main Dividing Range, and s my . 3 ' Justly stated in his 12th conclusion.

—_«That in all respects the gandstone is  §

the north and north-west there was & Cretaceous - .
. porting currents.

b these’ boulders of

b have be ers o soft shale'a evidently show t

3 Ph.D_,e}?‘anISS tu]gti)?g Ey meVllng ice. Pl'ofes;‘or }}rtlltluglslev?)]? lI?IbedtS

£+ has ) ctor of the Canterbur " : L LRast,

3 also examined these boulder beds},uﬁrﬁ?:;!lz;sli?wtf ix?lmlu'l’
XPress e his

from what I have .'
tion that they 4
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were formed in ‘“a lar i
MR ge arid or desert region,” it 1
Aupstralia,e that the Cretaceous sea spoken oF extendilrgcl) \1{‘7;:1;:1?;
Regarding conclusi
e i g sion I8l we know that af )
ok alolgotl}ci ;l‘erltmry periods great volcanic t:ztii};: (E‘I;etaceou.s
Range ; buct oy 4 e; lelava.t('ad lq.nd which forms the Greth ST I'nla'm-
. this range, I do not iquceptxon of a few places along the ¢ Yl(tmg
oot e i le that these eruptions altered thelzS o
“Toads® sethe mine ‘a {he old Tertiary drainage channel pa
ccaattilh ; ard tlls call them, took the same Ddirection =
B e 1,1 oS Clel present range of Paleozoic rocls whia]s b
which branches off f‘o ony and Queensland, and the Tﬂ-tel'alc s
Grey Rango, muat l10311 it near ange and stretches awa tr e
Zently fOI‘;l éd e e::; ¢ existed in Mesozoic times ;s tie ° th'e
Cr%ts.ceous h astern and part of the southern’mm-gin if ‘2‘1111(;
onclusions 12 and 13 T
Biie et 1 I need not now refer to. 3
-, arz 1;0;1& :v1dence of ice action, anc({ alll\tTlcl)'clﬁSt% ol
occurrence of tl?e fmsrr 1su? 2 8 suppoaition.” Now, the Iﬁlgmcal
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opinion that the underlying shales have been broken . up by
dice.” In December, 1879, 1 contributed a paper on this
subject to the Royal Society of New South Wales, and Professor
W. J. Stephens, M.A., communicated to the Linnean Society of.
New South Wales the results of gimilar observations made by
himself of the Hawkesbury rocks in the Upper Nepean district.
Professor STEPHENS said : ‘When I heard last Wednesday & most
ingenious account read by Mr. Woods on the geology of our sand-
stone, I felt T should like to have some opportunity of answering
at least one or two details, but as the time was short on that
evening, 1t was suggested and resolved that the discussion should
be deferred to an adjourned meeting. On Saturday, accordingly,
when the last instalment of his paper appeared in the Sydney
* Yorning Herald, set to work upon the subject with so much
good-will that by yesterday morning I had completed something
like forty octavo pages of matter. Fast writing is proverbially
slow reading, and haste precludes brevity. have therefore

«cised the greater portion of what I
your consideration only the following remarks.

Mr. Tenison-Woods states that ¢“we are not acquainted with
any existing sea-bottom utterly destitute of marine animal remains,
no matter what was the nature of the bottom. Foraminifers,
ot least, were always found, and these have existed from the
carliest geological periods.” Now, so far as sea-bottoms of san
or calcareous matter are alone regarded, this proposition is in al
probability correct ; and thus,

Tawkesbury rocks is alone under consideration, the argument
which depends upon it is just. But T do not suppose that Mr.
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Island. If, indeed, any of our conglomerates were composed of
concretionary lumps, I might accept Mr. Tenison-Woods’ theory
so 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
as 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 ~

that 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-
clusion.  But, as Mr. Tenison-Woods justly urges, marine action
isout of court.* The “plane of marine denudation” must there-
fore have its name erased from the evidence, in spite of its extreme
platsibility. And we shall be assured that no mistake has been
made 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
upon a pre-existing slope, to which their own bedding was accom-
modated ; or has there been a general movement of elevation in
the west, and depression in the east? I am certain from examina-
.Hion of the phenomena of the Hawkesbury valley that its bed must
at one time—perhaps as far back as the period which we call Cre-
taceous—have been several hundred feet above the sea, and that
within the Tertiary epoch it must have been at least 200 feet
higher than at present. These considerations induce me to con-
clude that there has been a movement, though not perhaps to a
very 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
Lo one, so far as I am aware, has previously attempted to apply
to the Hawkesbury rocks the tests of roundness and angularity,
as distinguishing water sands from wind sands. And although
metamorphic action has obliterated, as the author laments, the
sharacteristic form on which he relies, there are abundant instances

8 where the grains have remained unaltered, and testify to their

having at one time or other suffered attrition, or rather contrition,

E under long protracted periods of sand-drift. But though their

*I think it does not follow that all operations of water on the great scale
There are other water-gods besides Neptune.
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unbroken line of igneous eruptions which marks the whole course
of the dividing range, from the ridge hetween Cassilis and the
Talbragar, itself volcanic, down to the culminating points of the
Blue Mountain Range. The summits between the Cudgegong and
Tuaron 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 cast of the great Wollondilly hollow.
Now these visible cappings of volcanic rocks are later than the
sandstone, and have thercfore had no influence on -ts deposition ;
but it is reasonable to suppose that they are only later outbreaks *
of the same energy which had previously formed a (possibly broken)
range, penetrating the carboniferous beds in the position and
direction above mentioned, just as the main Liverpool range does,
running, 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 sec upon the map a most
extraordinary streak of sandstone, forming the DMain Dividing
Range, but at right angles to the south-western extension of the
range. It is like the handle of a frying-pan, when the pan itself
represents the Hawkesbury basin, and, until I had the pleasure of
hearing Mr. Tenison-Woods’ paper, appeared to me quite inexplica-

“ble. . Now, on the contrary, it appears the most natural thing in the

world. Grant that a sand-drift existed from the westward, blow-
ing for ages unchecked along the broad open of the Talbragar, and
rising to the crest of the dividing range at this point—itself of
then recent origin—then, it would assuredly form on the lee, if
not also on the windward side of the elevation such a stripe of sands
—ultimately to become sandstones—as we find there. Ifthis vol-
canic ridge extended along the range to the southward—and what
can be more probable —similar sand-drifts up the valley of the
Turon and Macquarie would, in like manner, accumulate about if,
to be in time also converted into sandstones, and to be capped in
particular points by subsequent eruptions along the same general
line. The sands, or sandstones, not protected by this capping,
have 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
the wind-drifted sandstones of the Namoi. In the open valley
between the Nandewar and Willela ranges, there are no sandstones
akove the general level, except those of carboniferous date, which
have often been hoisted to a great height on masses of erupted fel-
stone, as I should term it ; but large hollows in the original valley
have been filled by a fine white quicksand, cvidently of eolian forma-
tion, 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
ave 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 ends in a
very steep escarpment upon the east, resting there upon beds of
shale which are so ferruginous as to deserve the name of iron ore,
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 Hawkesbury rocks
between Blue Mountain line and Mount Victoria ; but they are
not indurated like the greater part of the formation, and are much
shallower. From their position, overlying as they do the Carboni-

forous beds, they may be really coeval with the Hawkesbury's,

and the vegetation is very similar though richer.

At the same time, the general appearance of the stratification
and composition of the rocks forming the Willela range is so very
different from that of any portion of the Hawkeshury series that,
while I admit that its geographical position and evidently eolian
character serve to illustrate, and to a certain extent to corro-
borate the views which Mr. Tenison-Woods has s0 vigorously
maintained, I am nevertheless bound to fix my attention upon
the points of dissimilarity rather than on those of resemblance ;
and to infer that different modes of deposition have been followed
in the two cases. If the Willela range is of entirely aerial origin,
as seems certain, then it also seems probable that the Blue Moun-
tain beds are not.

I regret that, for reasons already stated, I am obliged to defer
the further statement of my own opinion upon this very interest-
ing subject to a future opportunity. Meanwhile I should desire
to express, in as emphatic a manner as possible, my sense of the
great obligation under which Mr. Tenison-Woods has laid all our
geologists, even though his views may not in all respects meet
with unqualified approbation or assent. It is a great thing to
have made the first sketeh : Jetails and corrections will be added
from time to time.

Professor LIVERSIDGE said T am sorry to say I have not pre-
pared any written criticism upon M. Tenison-Woods' paper, an

that, in consequence, as compared with the previous speakers, Tam
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very much in the position of a guest un rovided with i
garment ; but I made a few notegs at theli):ime M. Tenisa(‘)r:‘-’%sgzlcllgs
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 mattérs 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 ma i
crystalline structure has be%n developed i)ypmetamlgpo}ficwgégi};ﬂa.
ce.mented together by a felspathic paste; in addition, scales '01,?
mica are usually visible, and smaller quantities of less common
n}lr.xerals. [This sandstone has been probably derived from the
disintegration 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
m1.n'era.ls present in the sandstone were also derived from the
9r1gmal 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 not 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 qf the non-crystallized hyalite. When you can prepare a
good 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; accordinglj;
I am not satisfied that « hydrated silica has acted as a cement be-
tween the particles,” as stated by the author of this paper.

The next question was as to the origin of the masses and layer
of ironstone in the Hawkesbury rocks. There can, I think
be no doubt that the theory first put forth by Gusta’v Bischof
and now suggested by Mr. Tenison-Woods as an expla.na.tior;
of the presence of the oxide of iron in these rocks, sufficiently
accounts both for the presence of, and for the peculiarities pre-
sented by, much of the ironstone, but not for all.  Probably
some of the larger horizontal bands or layers have been formed
much as we see bog iron ore deposits accumulating at the present
day. The larger veins have perhaps been formed by infiltration
but the smaller irregular veins, and the nodular concretionzu'}:
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. Tt seems to be an order of nature for certain
like particles to collect together. — In many cases you will see &
: nucleus of brown Lematite in this sandstone surrounded by con-
iy centric bands of a brown colour (also oxide of iron), which get
fainter as the distance increases from the central nucleus ; and I
L think that in most cases, certainly, there is no doubt that this
Lt oxide of iron was originally uniformly distributed throughout the
B mass of the rock. The calcareous and other concretions found in
e clays and shales often afford striking instances of the tendency

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. Tt 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
sha._le have been undermined, whether by running water or the
action of the weather, and that the talus of brol?en-off angular
fragments has become covered up with sand, “and since consohi-

of certain substances to separate out from the materials through dated. Tl .
P . . . 1e screes or ook £ :
which they are diffused and collect together to form nodules and at the base of c(fisﬁ(s>1 %(;i%milxlmlliﬁianswﬁfll(rL fl;%mentstwhlch folrm
) and along the coast, are either

t.
veins.

1 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
. oxtent, but if the rocks were deposited under water, then there
TS jnust have been uphc:wal to account for their present great eleva-

' tion in many parts. My own idea as to the origin of these

Tawkesbury rocks has Litherto been that they had been deposited

AL by water, and had since been clevated or upheaved ; but now that
i T have heard Mr. Woods' paper L candidly confess that I should -
: like to study them afresh, to turn aside all prejudices, and start
de novo. I regarded them as of fresh-water origin. Of course, if
they should prove to be of eolian origin, then there is the same
necessity to assume that upheaval has taken place. M. Tenison-
i Woods states that the area occupied by these rocks is far too great
: for them to be of fresh-water origin ; but I do not think that there
is very much importance to be attached to this objection, since the
area covered by them is not very many times greater than that
now occupied by the Caspian Sea, the water of which is almost
fresh, or by the Canadian and North American lakes, all of which
ave forming fresh water or lacustrine deposits of large extent.
Tt is stated, too, that aerial or wind-blown rocks are character-
ized by cortain peculiarities, and that ¢ they are most of all dis-
tinguished by large irregular undulating layers, which are also
gubdivided by laminz, with every kind of dip and direction, rarely
exceeding 23°. Now T am prepared to maintain that this structure
onlybclongsto eolianrocks, andisneverfoundin any other.” Ithink
this statement is open to discussion. ' The peculiar ¢ herring-bone”
lamination is not, I think, confined to eolian sandstones ; & similar
> structure is not at all uncommon in the sandstones of the English
S Coal Measures and in the Greensand beds of the Cretaceous rocks.
Nearly all writers upon geology refer to instances of falsc bedding
of this particular kind in sedimentary rocks, and fignres of such
" structure are given by De la Beche, Lyell, and others.

_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
indisputable signs of ice agency. i :

i Mr. Tel‘lison-\Voods speaks of the consolidation of the loose sand
into 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 th‘ou§ands of tons of pressure should have a very gtieat deal
todo in bringing about the consolidation of a mass of Toose and
porous sand, })ut T think that the cementing material has played a
much more important part. It has long been a very interesting
question to me, but one which T have not yet had an opportunitz;'
to 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, e, whether the
deep-seated portions of a mass of rock have undergone greater
cpnsohdatxon 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
into consideration. I merely throw this out as a suggestion, with
the hope that some one may take it up. o ’

In speaking of the Stony Deserts, M. Tenison-Woods attributes
their formation to the fact that certain portions of the loose sanc'l
have been consolidated, and that the lighter uncemented portions
were drifted away by the wind, leaving a mass of stones behind ;
on 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 widgspread con-
glomerates which we find lying on the coal formation, with ver
little change of character over thousands of square mil(’as.” But%
do not think this would account for the very heterogeneous
character of the pebbles composing these conglomerates ; it would
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not account for the presence of pebbles of jasper, vein quartz,
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 quartzite,
or of ferruginous and sandstone pebbles, i.¢., they would practufally
be composed of the one material ; in other words, ’of sand in a
more or less hardened form mixed with ironstone ; 1n fact, they
would resemble in composition the masses of coqsohdated sand
found lying on the surface of the ground in Wiltshire, and known
locally as greywethers, from their fancied resemblance to sheep ab
a distance ; or Sarcen—i.e., Saracen stones—from the old idea
that they had been brought over by the Saracens. The huge
blocks of stone of which the Druidical temple of Stonehenge 13
built consist merely of masses of sand converted into quarzite and
afterwards set free by the removal of the loose Eocene sand by
which they were originally surrounded. L

In summing up, Mr. Tenison-Woods states that “the precipitous
cliffs of the Blue Mountains are the hard central cores of sand-hills,
the loose portions of which have been easily blown or washed a,wa,y.'”
T think that there are a great many difficulties in the way of this
explanation. The Hawkesbury sandstone seems to have been
fairly uniformly deposited over its whole area, and I still think

that the mountains are mountains, because the matter which once -

filled up the valleys and connected cliff with cliff has since been
scooped out by the action of the weather and running water. But,
as I have said before, I wish to again examine these rocks with
the new light which Mr. Tenison-Woods has thrown upon the sub-
ject of their probable origin. £

Before concluding, I should like to state how much gratification
1 have derived from Mr. Tenison-Woods’ paper, and to express how
deeply we are all indebted to him for having drawn attention to t:,he
subject in such an able way. Tt is a most valuable and suggestive
paper; and I hope it may prove to be the cor'nmen{:ement of a new
era in geological work in connection with this Society. It is cer-
tainly one of the most interesting which has been brought before
the Society upon geological matters for a long time, and bears the
impress of hard continuous labour and investigation. 'There is
nothing to equal a good, healthy discussion for elucidating ques-
tions of this kind.

The Rev. J. E. Tex1sox-Woops said ._Tn rising to reply tothe
objections which have been made to my paper, let me first con-
gratulate the Society on the spirit in which the discussion has
been carried on. As I am convinced of the truth of what I hold
4o be the origin of these rocks, T am sure that a full discussion of
the question will serve to elucidate the facts, and render the
explanation I have to make more apparent as the correct one.
shall take the objections seriatin. First, I do not consider that
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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
is seen in the Hawkesbury rocks. DBut 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
see whether the whole contour of the ridges and ranges are not
strongly suggestive of aerial sandhills.  Why, what could be more
undulating 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
examined.

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 the
same thing over an immense territory, and see mo tilting or incli-
nation, 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
in a section, but can readily be traced over long distances. But
here, 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 formation, or
a very similar one, is found scattered over the whole continent.
But whether we find it far-away to the westward, on the summits
of mountains, or on the east side of the divide and close to the
sea, it is always the same, with no tilting or inclination, but just
as it was deposited in its peculiar undulating layers and laminated
false-bedding. When we add to this that the structure is that of
wind-blown rocks the argument is very convincing. To say that
the whole continent has been uplifted in one mass without any
break or tilting is rather an extreme hypothesis. But these beds
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may have been fresh-water, it is objected. But the fossils are not
gresh-water fossils. The ferns are land ferns. Thinnfeldia is a
land fern, so is Gleichenia, and so are all the ferns I have met.
The few water ferns that are known in existence are S0 peculiar
that a very little experience would distinguish them. We have
none of these in the sandstone. We ought also to have fluviatile
shells or other fresh-water remains, but we find none except two
species of fish, which are rarely found in what I readily admib
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 them

associated with other fluviatile remains, but there are no such
things to be found. Again, if the ferns drifted long in the water
How different is the

they would soon rot and be broken up.

state of those beautiful fronds found preserved in the sandstone
ot Mount Piddington and Dubbo. It seems to me easy to under-
stand it if we attribute their preservation to an advancing drift
of sand which covered them over and entombed them just as they
grew.

Mr. Wilkinson objects to my interpretation of false-bedding,
lamination, &c., because he thinks that the same structure is found
in other rocks which are clearly aqueous. Some of the instances
which he alleges arc not cases in point, because it is not certain
that the beds are aqueous. 1 am inclined to attribute to some of
the Victorian sandstones an origin like our own. The use of Mr.
Selwyn’s name for opinions as to the nature of rocks would have
great weight if we knew that the present question was ever fairly
put before him. Itis a comparatively new one in geology, and
therefore the names of Dana, Jukes, and others must require the
support of their reasons for any opinion which they give before
they can command our assent. At present, I still maintain the

proposition that the peculiar character of the stratification in the

Hawkesbury rocks can only arise from eolian origin, and I must

see strong reasons for abandoning this opinion.. Mr. Wilkinson
says, < Mr. Tenison-Woods’ conclusions Nos. 4 and 5 refer to the
origin of the ironstones. 1 do not consider that the irregular
bands mentioned represent old land surfaces, for the bands not

only curve in all positions but are sometimes vertical. They may

be well seen in the cuttings along the Great Western Railway

between Penrith and Lithgow. Most of them have been formed
from the oxidation of water containing iron in solution permeating
the sandstones and shales and the joints traversing them.” In
this Mr. Wilkinson overlooks the fact that I admitted the stains
and vertical fissures to have been caused by infiltration. But I
am sure he forgets how this oxidation is explained by all chemists.
His words, ¢ oxidation of water containing iron in solution,” are
obscure as an explanation. T repeat. that water alone will not
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‘ g;is;g?: nﬁ:atrto;ide ’I?lfl ironl. It must have the aid of decomposing
. org ] e only way in which this b i i
by the surface vegetati i el g s
B getation. In this matter the conclusions are n
e g;:r?ybguiie reIc]iwedl b}; all hchemical geologists, from Bischof ?:)
] . reply to the objections against one of my ex-
- i)iarnguizllogls f;?r conglomerates, I must repeat that these thingg :fe
At t;e olx\}natxor{, gnd the pebbles are of small size for the
= contﬂo}:n :,‘r;;,tes fn ‘t}:ﬂ]%nsoﬁ sls)tys that “it is impossible that the
cong e Hawkesbury series could have b deri
in the manner just menti ! i o
oned. To satisfy this th th
glomerates must occur at the base.” B 4 s
o L e. ut why? May not a part
hea?ri ::nlfglblgle:eb;)ﬁ(i):c{l Oawzzi by sfmall degrees, leaving allpthe
3 n the surface as a thick layer t
sulI)sEguen}tlly covered up by new layers of drift sand ? Al
Wikt ;)sx;i t‘iizlhould h?lve hald the concurrence of my friend, Mr.
1 on, h regard to the change of drainage followin, th.
(I)'i'l:paf)(;ln'l;g (})f tertiary volcanic lavas on the sunmfits of the digvidee
e mits, however, that the old channels were often filled up by'
E highzrlx%gzeofi c:lutpou?ngs, da.nd a new system formed. That a
€ 'shed was formed is not to be denied. Th .
. of climate was probabl i px gyt
" y the result is not, I think, a f )
- inference. The whole of the i ’ e i
A e. e igneous table-lands in New England
A e:;)or(rilefm?efs 4,000 feet above the sea—have originated.ir? a‘;Illle
> guence : hliz igstlo, Cim.d zmg one must see what an important in-
4 had in effecting climatial changes. It ison
. . ; e
3 %11?1 :a.\ll\zzs; :t}(:,:,(lzllé I suggestlmay {mve given the dgesert area of t}?tfa
: M & more humid climate, and thus encouraged
» ‘%ig:ﬁaetﬁgtbo}; \1:}1101‘1 X;illlli‘smft’ing sands were permanently mgoredu
2 16 ] 1 inson’s objections, as they ar f :
> of opinion than facts in dis 4 U e
: : pute between us, I shall not refer more
1 E&;g;zuiiglz;m i](:‘]hi 1&(;,\ t’fheoxgr and the drift theory are now both
rld, wi he observations by which the, -
: POI]':ti(Iil,_ algd they must now rest upon theiry own merits. e
e su;;or:% Zh}f whole tl;a,t I must thank Professor Stephens for
2 ) as given to my views in this matt
" ‘two points he has misunder: e with vec
H : srstood me. One is with regard t
m(i}él:]lll:ilgfﬁ’s” dredgings and the azoic regions of the doeep OIEhﬁ
: sald ese were not destitute of signs of lif ant li
¢ which was doubtless derived f: B Ih it e
3 otles: rom the surface. Thus, in what i
(;g;}fleeii thei\I (gngi%erma. ooze, thei'; were abundant trace’s of fo::zmlis-
R , these organisms have existed in all seas from t
4 :;2:11'?: ﬁ;‘vlée:;'g tile ea,rlfiest geological periods, and some :)1; t}ﬁg
4 ‘ e to us from very remote antiquity. The
' 2 a
1&02:1(11111;; all seas ; they are also very easily preser)\:ed in I?LCI::
by hl;?,a%:lz :nytmi;;me refna,ins destitute of such organisms,
: S g to the early paleozoic rocks. There is
i question that these are often azoic, as Professor Stephens stat::s:
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. peculiar mollusca, and the Dead Sea, which supports but little 4
marine life and no mollusca, has its shores strewn with fresh-
water shells brought down by the waters of the Jordan. It is
said that there may have been fossils, but they have been carried A
away by the infiltration of waters. Now, whenever such a thing . 3
takes place we have either the casts of the ghells ren.aining empty 3
or filled with other material, or we have & disturbance of the - 4
strata by the filling in of the spaces occupied by fossils. The :
latter case is almost unknown in geology. But would it not be &

strange thing to find land plants and other delicate vegetable

organisms perfectly preserved, and every other fossil so completely
1 I agree with Pro-

swept away as to leave not a trace behind
fossor Stephens, that a case may oceur in which rounded grains of
sand, in certain cases, may be found in a formation of aqueous
= origin, having been originally devived from the weathering of an
aerial rock ; yet the case would be an extreme one. Consolidated
sandstones hardly ever weather into their original grains, as 1
have explained in my paper. But the evidence in this case is %
cumulative ; the round grains and @ wind-blown structure :
, to the rocks are found together. The connected origin of both is . 4
e the reasonable explanation. P
Tn the matter of the dip of the laminations, I am not quite . &
sure that T understand Professor Stephens ; but if we mutually .7
explained our views I think we should find our observations to
! agree in most particulars. Practically, the dip is not always ob 8
i right angles to the strike, that is, when the dip is qua.quaversal, 2

i harder felspars or quartz

. han ; , even th

.-"'V_‘.pPil(;;g;% })gtthe action of b)lown s;a.nd.0 ug’llflhriltxeglfutr}f:o iir}xlc? i

b s ext &Ijﬁ?nﬁ, T am enabled to place before the memxll)?:s 0§

g citara,cltg tfso;:le specimens of granite and felspar fro:n
ey of the Nile. These are continually exposed to

Biegrate efrown sand from the desert, and the member

it t:ct; of this from actual inspection. It can bes .
Dot nt impact of blown sand has given the st i
; ant polish, but at the same time not a single a.nsgloenﬁa:

(=)

B

. been worn away. If th
- o . the pebbles found in the Haw
o th(;grbf:;oaeﬁtg; bev1dent polish, the cause must ];zs?;:]zelc.lo;t:
o pebbTes - ment. But the facts remain that the surface
ol e it : gﬁ::r:él);ualbrgded, not rounded as they wouls ol
_“\ve%lvli):hdue to creeks, as they ;?;ns% \Xi:?lgmotghe ikirsiste i '
A hi;?gf?)ll.-dt l'lco _Pxf"ofessoy Liversidge’s remarks, I have first ¢
bk ese in Cﬁrmatlon he has afforded us on those ma,tter(; ; 5
myselt. dosidlod pe(ga y appealed. to him. I have not expressed g iy
hoea thaty sl. out thfz hya_hte, though I threw it otft as a :
it n};: aénzed light gives a good test for its detection
e xlpect.very great results from this method‘
b e toacts trows t%u;a grains were derived from granite, some o% '
ke ba rock presents under the Nichol p;'isms th b
e Bonied 0 serv.ed in colloid silica. In the beginnin ?L' :
R iz fhc work in this matter, I was inclined to thi kg 1(1)
K ight and.the selenite plate would give me ZII;ﬁntit:

15 :{ as it is very commonly in rounded accumulations of sand. In b results ; but wh :
X ,,‘ this case, a section diagonal to the axis will give almost every '»artiﬁciajny pulvgll-lizidvani;l the.experiments, using rock crystal
il angle to the laminations. That the variation is due to this in % b hyalite, the results Wér:nco \ifiajrlt(.)us klfds of felspar, with true
: NIic ng. am going to tr .
y again at

3

it many instances I have no doubt; but I also think that another %
o cause had been in operation, and that is the variation in the
S strength of the current, aerial or otherwise, by which these sands j
i have been deposited. But the question does not seem to affect "%
my theory to a great extent. What my learned friend says of *§
L the quartz pebbles is somewhat new to me, and, as he says, the

 getti i i

gm i:ggi It;hé}rlxesgzgoni of the rock, and then I am in hopes that the
e ttrden eiln ing medium may be better seen. My friend
B . c:}e; not believe that the grains of sand will
v ,S)i'lelc may state a fact which will be significant
rwrnrilileg 51 my paper was read, Professor Livérsidge
rompe ol g VVy 3 eory to the test by the microscopic examina-
g .of s ith this view he asked my opinion on about a
ntirely Unknownr{ sand, the origin or locality of which was
Bible to state, after : slﬁz.r . In_ every instance, except one, I was
A”?Vfl;,hf_ieiert, e Sand:xammatxon, whether the sands were
¢ 1 thin i

o o ;ll:i'rtl 1;1 Eglez matter of conglomerates I went out of m
B oty thec a urse _Which, whether explained or not doe{;
e concretionry- till, T differ from Professor Liversi(,ige as
b thie T bs may do in forming pebbles in such a formation
both oxides of iton? ?ﬂlﬁfrzzggrth?;wte' \3] g T i e

. ) nti i

'i'dfl, and occasionally sulphur andq mangf:e;f. m’;ﬁge:«;%t};?:i%

s formation must be rare in the Hawkesbury rocks. It has always ‘8
o3 been a puzzle to me why the pebbles of quartz are sO littlo &
abraded. But this would be & greater objection to the aqueous i3
theory ; for, be it remembered, though water does not affect the 7
outline of the finest particles of sand by abrasion, it is quite the d
contrary with large fragments of half an inch and upwards ; 7
these rapidly assume & ounded outline in running water, 14
have related Daubrée’s experiments on this subject. There 87
another test in this matter which is familiar to everyone, and that
is the generally ovoid shape of water-worn stones. We need not §
be surprised at the angular character of pebbles (especially of tht_:“
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forms of silicate of alumina and iron alone are endless, and those
when worn down into pebbles would give almost every colour and
appearance. Besides, before these beds were finally consolidated,
the trap rocks began to have their influence. We must not forget
how rapidly sandhills are cut down and form again by the wind.

Thus a conglomerate in the middle of a sandstone may belong t0 - -1

a late portion of its history, and its pebbles belong to & trap rack

now separated from it by many feet of sandstone. However, as - k.

Professor Liversidge says that he prefers to approach the subject
coutiously and will carefully weigh my observations in & review

of the formation, T can leave the facts to the pa'msta.king and ~ 3

impartial examination which 1 know he and others will give them.
To him and to Professor Stephens and ‘Mr. Wilkinson my best
¢hanks ave due. What has been so kindly said as to the value of

this paper I have heard with gratification, for the sake of this

Society. The subject has been 2 labour of love to me but if

it has also been useful to the Society 1 am more than amply repaid.

Mr. Wilkinson exhibited a large number of maps, diagrams, and

specimens  in illustration of his views. Professor Liversidge 4

showed a series of slides of eolian and water-formed gands and
sandstones. s

The President conveyed the thanks of the Society to the Rev..- 5

J. E. Tenison-Woods for his valuable paper.
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