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RECORD OF PROCEEDINGS

of

THE ROYAL SOCIETY OE WESTERN AUSTRALIA,

FOR THE SESSION RU.TIOIO.

Anj^ust 10, 1915.—The President (Hr. A. Gibb Ylaitland) in

the Chair. Messrs. H. McKail and W. H. Taylor were elected

Ordinary ^Members. Prof. A. D. Ross delivered a lecture on

Gyrostatics. with experimental illustrations: a short discussion

followed.

September 14. 1915,—Prof. A. D. Ross, Vice-President, in the

Chair. The Secretary reported that two successful excursions had

taken place since the last meeting-.

Mr. Alexander exhibited a living specimen of the small headed

Toad {Myobatracliiis goitldi), stated to have beer found in a rock

at West (duildford. Miss Crceth exhibited specimens of Spider

Orchids {Caladenia Patcrsoni) from Darlington, and Mr, Hall, a

number of paintings of Wild Flowers from the neighbourhood of

York. Air. Allum delivered a lecture on "The Principles of Cur-

rency.”

October 12, 1915.—The President {
^Ir. Gibb Maitland )

in the

Chair. Mr. C, Hedley was elected a Corresponding Alember ;
Dr.

W. E. Blackall and Mr. W. FT. Shields were elected Ordinary Mem-
bers. Presentations of various publications to the Society were

announced.

Mr. J. T. Jutson read a paper prepared by Mr- E. S. Simpson

and himself, on Notes on the Geology and Physiography of Albany;

a general discussion followed.

November 0, 1915.—Prof. A. D. Ross, Vice-President in the

Chair.

Mr. A. O. Watkins exhibited a Tray invented by him, and

in use at the Royal Mint, for recharging Cupels in Assaying, with-

out withdrawal from the furnace, and demonstrated its use.

Hr. A. Montgomery gave an account of recent observations con-

cerning the superficial beds of the Collie Coalfield, and exhibited

specimens of Glossoptcris from the Premier Mine. IMr. W. P

Alexander exhibited a specimen of a white ilocular substance,

which fell from the atmosphere in the South-West of the State on

the 5th October, supposed to be Spider Gossamer. Prof. Ross

delivered a short lecture on "Gambling" as viewed from a mathe-

matical stand-point.
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December 14, 1915.—Exhibition and Conversazione.

Exhibits:—Color photography; Cinematograph camera;

Electric cables, and Optical phenomena (Pro. Ross). Stages in

Embryology of the Chicken; Head of Mosquito (Prof. Dakin).

Fossils from the Collie Coalfield {IMr. A. Montgomery). Electro-

lytic break for X-Rays, Wireless, etc. (Mr. McKail). Plant

Diseases and Examples of Fasciation (Dr. Steward). Samples

of Wheat, Healthy, and Diseased (Mr. Grasby). Photographs

of the Moon (Mr. Curlewis). Tracing illustrating the

Meteorites (complete series); examples of Tectites (Mr. Simp-

Meteorites (complete series): examples of Tectaties (Mr. Simp-

son). Native Weapons and Musical Instruments (Mr. Glauert).

Adults. Young, and Eggs of the Cuckoo Family and their Hosts,

also North American Birds of Parasitic Habits (Mr. Alexander).

RECESS.

March 14, 1916.—The President (Mr. Gibb Maitland) in -the

Chair, referred to the loss of the Society through the death of

Sir J. Winthrop ITackett: it was resolved that a letter of condolence

be sent to Lady Hackett.

Mr. A. Montgomery gave an account of recent observations

made by him on the geology of the Yalgoo district. Mr. W. B.

Alexander exhibited varieties of Phasmidae, some of which bore a

remarkable resemblance to vegetable products in their general

appearance. Mr. R. H. B. Downes read a short paper on

“Mirage"; a discussion followed.

April 11, 1916.—The President (Mr. Gibb Maitland) in the

Chair, announced the change of the Society's headquarters to rooms

in the Museum. Mr. J. S. Clarke was elected an Associate.

Mr. Alexander exhibited (for Mr. M. A. Browne), some

yellow spider’s silk from Ravensthorpe ; also nests of two species

of leaf cutter Bees, found by Mr. Mathews and Simpson respec-

tively. Prof. Dakin gave an account of the Whale Fishery on the

South Coast of Western Australia, illustrated by lantern views.

May 9. 1916.—The President (
Mr. Gibb Maitland) in the

Chair. Mr. W. H. Mathews was elected Ordinary Member.

Mr. Alexander exhibited a nearly white specimen of the Black

Moorhen {Gallinula tenebrosa), recently shot at Wanneroo; also

two Cuttle fish from Garden Island, one. a large example of

Sepia longbnaiiits'y the other undetermined. Mr. ^lontgomery read

part of a paper on “The Significance of some Physiographical

Features of Western Australia.

lime Id, 1916.—The President (Mr. Gibb Maitland) in the

Chair. New Rules were adopted in substitution for old Rules

Nos. 3 and 4, on the routine of election of Officers.
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]\Ir. Alexander exhibited the following:—Old-man schnapper

from the Swan River: Flute Mouth ( Fist-iilaria petimba) from

Fremantle, a new record for W.A. : Serjeant-fish (Rachycentron

cauaciurn) from Fremantle, a new record for W.A.; Hlow-fish

{Tetvadon annilla) from Cottesloe. a new record for the west

coast; Giant herring [Hops saunts) from Shark’s Ray: Frost-

fish
(
i)roposed name, ( Hz'oxymctopoit from hVemantle^ new

species, a short ])aper with technical description was laid on the

table: Nest of the Darter (Anhiitya iunvcliollandiac) containing

two young birds, from Bremer Hay. Mr. Alexander also presented

a "List of the Orthopterous Insects hitherto recorded from
Western Australia, including species in the collection of the W.A.
Museum, not previously recorded .from the State.” Mr. Mont-

gomery read the concluding portion of his pai)er on "The
Significance of some Fhysiographical Features of Western Aus-

tralia.” and a discussion upon the latter paper followed.

July 11. Ibid.—Annual General Aleeting. The President (Mr.

Gibb Maitland) in the Chair. Mr. TI. P. Woodward and Acting

Professor Tomlinson were elected Ordinary Members.

The Annual Report and Financial Statement were read and

adopted. The following Officers for the ensuing year were de-

clared elected, viz.:— President, Prof. A. D. Ross: Vice-Presidents,

Messrs. A. Montgomery,^ and W. J. Hancock; Secretary, Mrs,

Dakin; Treasurer, Mr. F. E. Allum; Librarian. Dr. F. Steward;

other Members of Council, Messrs. E. S, Simpson. R. H. B. Downes
and H. McKail. A vote of thanks for his services was accorded

to Mr. Alexander, the retiring Secretary.

Prof. Dakin exhibited pure cultures of the Bacterium, the causal

agent of Cerebro-Spinal Meningitis, also stained specimens of the

same under the microscope, describing the diagnosis of the disease

and method of isolation of the germs. Mr. McKail exhibited a

map of Garden Island drawn up by the Sea-Scouts. Mr. Alexander

exhibited a fine specimen of the Cocoa-nut Robber Crab (Birgus

latro)
;
shells of the Paper-Nautilus (Argonauta) and siiecimens

of foliage, buds and flowers of the Eucalyptus Ichmauui- The
President then delivered his address "Some Proldems of Western
Australian Geology,” illustrated with the lantern, Mr. Gild)

Maitland then vacated^ the Chair in favor of the new President,

Prof. A. D. Ross, and a vote of thanks to the retiring President

was heartily recorded.
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ANNUAL REPORT OF

'FH!' ROVAT. SOCIETY OF WESTERN AUSTRALIA

FOR THE SESSION 11)15-1910.

Ladies and Gentlemen.

—

Vonr Council beg to submit the Annual Report and Financial

Statement for the year ended June 00, 1910.

The number of members on the roll is now ST, as against 85

last year. Of these 59 are Ordinary I\Iembers, 19 Associates, 1 a

Corresponding Member, and 8 Honorary IMembers. During the

year 8 i\l embers, d Associates and a Corresponding IMember were
elected; 1 Member and 2 Associate" resigned, and the name of 4

Associates were removed from the list in accordance with Rule 12 .

4'he Council have also to record with deep regret the deaths of two
meml^ers. Lieut. A. J. Robertson. M.Sc.. was killed in action at

Galli])oli on August (I. 1915, and the Hon. Sir J, Winthroi) Hackett.

L.L.D.. M.L.C., K.C.M.G.. died on February 19, 1910.

The Council has met 15 times during the year, and the atten-

dance of its meml>ers has been as follows:—Mr. Allum, 15; Mr.

Simpson. 14; Air. Alexander, 14; Air. Alontgomery. 13; Air.

Hancock. 13: Air. Alaitland, Id; Prof. Ross. 11; Air. Curlewis, 10;

Mr. Sutton. 10; Air. Watkins, 10; Prof. Dakin, 8; Dr. Stoward, 8.

The Ordinary Aleetings of the Society have been regularly

held, and the following members have contributed papers or given

addresses —^Profs. Ross and Dakin, and Alessrs. Allum. Simpson.

Jiitson, Downes. Alexander, and Alontgomery. The lOecemljer

meeting, as last year, took the form of a conversazione, at which

a number of interesting exhibits were on view.

In April, the proldem of finding suitable accommodation for

the Society, which had for a long time past occupied the attention

of the Council, was solved by the kindness of the Trustees of the

Museum, who granted the Society the use of the old lecture-room

and a small adjoining room in the basement of the Aluseum. At

the same time the Council purchased new bookshelves, so that the

Society's lihrar>- is now adequately housed, and availalile for

reference. Alany loose volumes however, urgently need binding.

During the year, the Council arranged to inulertakc the work

of cataloguing all scientific papers published in the State for the

International Catalogue of Scientific Literature, and those pub-

lished during 1914 and 1915 have been dealt with by members of the

Society having special knowledge of the different subjects, and

cards despatched to London.
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Owing to a most unfortunate series of misunderstandings, the

Council regret that Volume 1 of the Society's Journal which was
almost ready for publication last August, has still lujt appeared.

It w'as found necessary to obtain the sanction of the State

Treasurer to the further expenditure necessary for its coin])letion.

and this was at length granted in April last. Since then the work
has been recommended, and the Council hope that the volume will

l)e ready for distribution Irefore the August meeting.

The Society’s finances are in a satisfactory state, there being

a credit balance at the end of the year of £10 4s. Od. as against a

debit balance of £20 lbs. 10s. a year ago.

A. GIBB VAITLAND,
President.

W. B. ALEXANDER.
Hon. Secretary.

July 11. 1910.

EINANCIAL STATEMENT.

“The Treasurer’s Einancial Statement for the year ending

50th June, 1910, which disclosed a satisfactory position, was-

received and adopted.”
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Academy of Natural Sciences of Philadelphia.

University of Minnesota.

University of Nel)raska.

I'ield ^luseum of Natural History, Chicago.
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John Crerar Lil)rary.

American Association for International Conciliation, New
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OBITUARY.

SIR J. WINTHROP HACKETT.

Bv the death of Sir J. Winthroj) Hackett, K.C.M.G., l).C.L._,

which occurred at his residence in Perth, on the V.hh of February.

1916. the Society lost one of its oldest members, and Perth, a

citizen who has always been to the front in matters of education

in this State.

Sir Winthrop Hackett was born in 1H48 at Lordello in the

County of Dublin, the eldest child of the Rev. John Winthrop

Hackett, M.A. He was called to the Irish Bar in 1874, and in the

following year having come out to Australia, was admitted to the

Bar in Sy(iney, but soon turned his attention to journalism; in 1882

he came to West Australia, shortly after which he entered into

partnership in the West Australian newspaper, of which he retained

the management up to the day of his death. He was a Governor of

the High School, Perth, and was one of the most i)rominent. if

not the most prominent of the founders of the University of

Western Australia, of which he was the first Chancelor, and in

which he endowed a Chair of Agriculture. He was also prominent

in the affairs of the Public Library and Museum, and presided over

the Zoological Gardens and Acclimatisation Society; he was also

an active supporter and contributer to the National Art Gallery.

Sir Winthrop left a wife, a son and four daughters to mourn

his loss. He was one of the earliest members of the Natural

History and Science Sockty of Western Australia, the iiarent of

the present Society, and he remained a member of the Royal

Society of Western Australia up to the time of his death, but was

prevented by his various interests from taking any very active

part in its operations.
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"The greatest and noblest pleasure zvhich mcji can have in this

zvorld is to discoz’er nezv truths, and the next foUozving this is to

shake off old prejudices^

Usage jirescribcs that the work of the Royal Society shall be

brought to a close l)y an address from the Presidental Chair,

though the choice of a fitting subject is oftimes a source of con-

siderable anxiety to its occu])ant.

In this year 191(). it is almost impossible to forget, that

European nations have for well nigh two years ])ast, been utilising

the coml)incd resources of science for the ])ur])osc of carrying on
the most gigantic struggle of which there is any historical record.

This fact suggests that the ])rcsent and future relationships

between war and science, i.e., its present use as "aids to the

"lightening the burdens of humanity by the mastery of naturar’

"forces—the transformation of inanimate i)o\ver to relieve mankind”
‘‘from arduous work, the conquest of pain and disease, and by no”
"means least the enlargement of the human mind,” as a fitting

subject with which to conclude my allotted term as your presiding
officer.
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As a geologist. I however, may, along with the astronomer, lay

some claim to that privilege of ‘l)elonging to a branch of science

which has nothing to do with War.*' unless indeed those violent

tremors in the region of the AFediterrancan, ascribed by ancient

mythology to the quiverings of that hundred armed giant, Typheus.
\vhile endeavouring to escape from his fiery prison, arc indicative

of internal warfare in what FTamlet calls "this goodly frame the

cartii.” may be held to distJrove the claim.

After some deliberation I have chosen to address you on a

snl)jcct of my own particular science, rather than to wander as a

comparative stranger into other fields.

Coming therefore to the subject of my address, I ])urpose de-

parting somewhat from cstal)lished custom and instead of looking

l)ackwards. will endeavour to look into the future, and point out

some ])rohlems of Western Australian geology which provide

abundant opportunities for collective and individual research.

Fig. I.

Scarplike face of Oarling Range.

'file southern half of Western Australia affords perhaps no

more striking feature than the scarp-like face of what is generally

known as the Oarling Range, and which forms the western rim

of the Plateau of the Interior. ( b'ig. 1 ). This rim of crystalline

rocks rises to heights about feet above the lu'oad, compara-

tively fiat expanse known as the Coastal Plain.

d'he boundary between this Plateau and the Coastal Plain is

virtually constituted l)v a nearly straight or at least a gently curv-

ing line, and forms part of a long zone in which faulting is the most

important structural feature. What may he called offset faults.
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may in some cases, be held to explain the want of continuity in

the scarp-like face of the plateau. (Fig. 2).

Index

Marine Ternary

Cretaceous Basins

Tnas-Jura

Pernio Carboniferous

Granite

-5'S 5

GjtEAT AcrSTEALTEN

Bight

Tectonic Features
or

Fig. 2.

Map showing tlie Tectonic Features of Western Australia.

When viewed cn bloc, this plateau presents a fairly even sur-

face, which rises to no very great elevation above sea-level (Fig.

3) ;
it has a very restricted and limited rail. tall, and is drained by
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inTTim w>i»Tir’i i'

Fig. 3.

Lake Way, Kasr Murchison Goldfield.

Fig. 4.

Brockman Creek and Lake Carnegie.

intermittent water-courses
(
I'ig. 4), which debouch into shallow

basins, generally known as “Salt’’ or "Dry T>akes/’ (Fig. 5).

W ind crosi<^n is the predominating denuding agent which
tends to keep the i)lateau level. In many places the rocks have
been scored by the sand-blast action. Fhc ])otencv of wind-scour
or sand-blast may lie noticed in the frosting of those heaps of
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discarded l)ottles, which in certain districts, are pretty well the

sole relics of departed greatness.

Fig. 5.

I ake Dundas, Norseman. Dundas Goldfield.

It is mv ])urpose therefore to deal briefly with some of the

problems which the rocks of the old plateau i)resent, the solu-

tion of which olTers a peculiarly interesting subject for enquiry,

ft is not however, intended to deal with the more recent and fas-

cinating branch of geology v\'hich concerns itself with the origin,

structure, and formation of the surface features of the State.

'i'he rocks of which the i)lateau is made up present a hewikiei

ing variety of lithological types, which bid fair to make this
|

tion of Western Australia a classic field for petrological research.

Portions of the plateau have been examined during very many

hasty traverses, which individually yield somewhat limited infor-

mation, although collectively give a good general idea of the geo-

logical structure. I'he rocks of the iilaleau have lieen most closely

investigated in those districts in which the probability of economic

development has necessitated detailed geological surveys. These

localities are very widely separated, and it is now becoming im-

peratively necessary to link up these districts by a study of the

intervening areas, though many jiorlions being masked by residual

and other deposits, the geological structure of these areas will, it

is to be feared, in the absence of systematic l)oring. carried out

under scientific guidance or extensive underground mining o])era-

tions. remain more or less the subject of s])ecu]alion and inference.

1'he oldest known rocks of Western Australia comprise a great

group which almost everywhere constitute the foundation of the

State: to the whole of these rocks however, observers have invari-

ably assigned an Archaean age, but this is rather inferred than

proved.

I propose to retain the term Archaean for that great basement

com])lex of schists, gneisses and allied rocks, but although this is
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done, it is not meant to imply that the rocks so designated in the

Northern Hemisphere and elsewhere are exactly contemporaneous.

As may he seen hy a glance at the geological sketch map (Fig.

6), the great bulk of the interior plateau is granite and gneiss, the

remainder being formed of the metaniorphic rocks, the whole form-

ing th foundation upon which the Palaeozoic and more recent

super-structure has l)een Iniilt.

Fig. 6.
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In the absence of any other evidence, it has been found con-

venient to separate these rocks into two great lithological groups,

viz., (a) the gneissic and granitoid rocks, and (b) the crystalline

schists.

The crystalline schists of which there are at least two distinct

groups, which there is some reason to believe differ considerably

in geological age; these are ( 1
)
phyllites. quartzites, conglomerates

and arkoses, which have been designated the Mosquito Creek

Series, and ( d ) an older, mica-quartz schist and marble group,

associated with basic rocks which have been at times converted

into greenstone schists. These rocks have been more or less irre-

gularly folded and compressed concertina-fashion, along itig*-*,

inclined axial planes: the folding is meridional, the prevalent

strike being generally north-west and south-east. The broad

geological structure of the western half of the State across some
of these bands is shown in the section (Fig. 7),

and will serve perhaps to make this clear. The
dotted lines indicate the former extension of the

strata. Some however, of the hornbendic rocks associated

with these rocks may possibly represent original gritty heels made
up of epidote and chlorite. In some instances quartzites in which
original argillaceous impurities have re-crystallised as felspar and
mica, render them easily mistaken for granite and its allies.

Fig. 7 .

Generalised section across Western Australia from the Coast to

Premier bowns.

A most noticeable feature in these crystalline schists is con-
stituted by these bands of cherts and l)rilliantly coloured jasper

( which often contain oxide of iron to such an extent as to warrant
their lieing classeil as iron ores). These extend as roughly iiarallel

bands, which owing to their serrated ridges stand out in bold relief

{Fig. 8), and are very much in evidence in certain districts.

These bands do not always occur in straight lines, but as they
have also been subject to earth movement since their formation,
they are often thrown into a series of gentle curves, which vary
locally in general direction.
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Fig. 8.

Banded Chert, Mt. Hunt, East Coolgardie Goldfield.

One very great and iini)orlant ])roblein in connection with our

Pre-Cambrian or Archaean Rocks i.s their division into series

which may be correlated from district to district, and during the

working out of the stratigraphical relationship of these, the pro-

blem is not really so hopeless as it may at first sight appear.

It is only by the ap]>lication of stratigraphical methods (using

this term in the widest scientific sense) to these ancient crystalline

schists, that a clasvsification quite as satisfactory as that of the

rocks much higher on the geological column, can be arrived at

'I'hese crystalline schists have been invaded by huge maSvSes

atid veins of granite, which occupy some hundreds of square miles

in parts of the State, d'he intrusion of the granite is perhaps,

from the economic point of view, the most imiiortant geological

event at this ])erod, in as much as most of the gold deposits, which

places Western Australia in the front rank of mining countries in

the Pritish Ifmpire. hear some genetic relation thereto.

The mining centre of Tamhourah ( Hhg. h
)
in the Pilbara Gold-

field is one in which the intrusive nature of the granite may be readi-

ly studied, here the country is very nearly destitute of soil, and the

rocks lie ready for ins])ection anywhere. At this locality the

granite may be seen to have wandered through the schists, in addi-

tion to having engul])hed and lloatcd olf extensive masses along

its margin.

These granite rocks constitute composite liatlioliths occupying

hundreds of square miles, and there seem some geological reasons

for believing them to have digested and replaced very large masses

of sediments. When considered in the light of their metaniori)hic
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effects, these great intrusive granite masses, constitute a great

significant and outstanding feature of the Western Australian

goldfields geology.

Owing to the physiographic features of the Central Plateau,

erosion has not yet penetrated to any depth, hence it cannot be

said that the anatomy of these masses has yet been thoronghlv

understood.

'I'hese granites are traversed by many large ice-like quart7

reefs (Fig. KM which can be traced across country for miles; the

mode of occurrence, etc., of these large quartz masses point to their

being of igneous origin, representing the final product of the differ-

entiation of a granite magma—its ultra-acid portion.



Fig. 10.

(Quartz Reef, Erlstoun, Mt. Margaret Goldfield.

A great deal has been written during the last decade or two

on the matter of ore deposits, mostly however, on more or less

isolated occurrences, which detract very considerably from the

value they would otherwise have had, and many of the later day

theories on ore deposition have been based not so much upon the

results of careful observation, as upon speculation, which has re-

sulted in one eminent scientist giving utterance to the dictum that

‘Mining prophesies are proverbially erroneous.” Very few

mines present data sufficient to enable a true mental pic-

ture of the real nature of an ore deposit to be oljtained, such

can, however, only be arrived at by careful inve,stigation into the

geological structure and stratigraphy of wide stretches of country,

where all the ore de])osits are perhaps genetically connected and

capable of throwing light one upon another.

Since the days of Daiibree work in experimental geology has

fallen somewhat into desuetude. A wide and almost un-

trodden held (in Australia at any rate) is open for

laboratory research and experimental work, in connection

with the genesis of minerals and the rock types of which

they form an integral part. \\'(')rk of this kin<l. owing to the

light which the results when i)roperly interpreted, would tend to

throw on the peculiarities of the distribution of metalliferous ores,

etc., can readilv be seen to be of considerable economic importance.

The recent experimental work upon silicate mixtures, carried out

in the geophysical laboratory at Washington may be cited as evi-

dence of the value of such investigations in connection with the

two most im])ortant ]>roblems with which the geologist has to deal.
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viz., (a) the differentiation of silicate magmas into various rock

types, and (b) the nature and order in which minerals crystallise

when the molten magma has congealed into solid rock.

THE XT'LE-UnXE FUIIMATION

.

Resting with a violent unconformity upon these older rocks,

which SO far as may be judged, formed a broad continental mass,

or at any rate, a group of more or less closely related islands or

archipelago, is a great thickness of sedimentary rocks, which has

been designated the Nullagine Formation.

This formation is made up in very large part of material

derived from the denudation of the earlier continental land sur-

face. It is impossible in the present condition of our knowledge

to determine the exact amount of erosion to which this land surface

has been subject prior to Nullagine time. This must have been

enormous and the delmis from it doubtless formed that great thick-

ness of sediments, ranging from the' Cambrian to the most Recent,

which go to make up the beds forming the relatively narrow belt

in the maritime districts of the State.

The Nullagine Formation is perhaps the most widely sj)read

of any of the rock systems exposed in Western Australia, and in

some respects one of the most imj)ortant. formation has

been followed from the Oakover River, across the upper reaches

of the Nullagine. the Coongan and the Shaw Rivers, and from

thence without a break to Roebourne and southwards to the For-

tescue River. The same series of constitutes the Hamersley Range,

which contains Mount Hruce, one of, if not actually the highest

summit of the State, it also makes up that rough taldeland which
divides the waters of the Lyons from those of the Ashburton
River. The southernmost boundary of this large exposure is in

the neighl,)Ourhood of Mount Russel, in south latitude i^Odeg. dOlat.,

not far to the south of Lake Way. In its lithological characters,

its behaviour and general aspect, the Nullagine Formation bears a

very striking resemblance to those beds which constitute one con-

tinuous series in that tableland, which extends from W'yndham to

Mount Hart, a prominent summit near the southern face of the

King Leo]K:)ld Plateau, in the Kimberley Division.

The Nullagine l’'ormation makes a very i)rominent feature in

the landscape in those regions in which it is developed, presenting

as it does a plateau-like appearance, owing to certain of the harder
l)cds standing out in hold relief, and forming mural faces at differ-

ent levels as at Mount Margaret in West Pilbara. (Fig. 11).

Lithologically the strata consist of a group of sedimentary

rocks, sanrlstones. quartzites, conglomerates, and dolomitic lime-

stones. Associated with these beds, igneous rocks are specially

abundant, and according to their mode of origin they are readily

divisible into two classes, some were formed from congealed molten
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Fig. II.

Mt, Margaret, Hamersley Range, West Pilbara Goldfield.

matter, crystallising as dolcrite. which forced its way either along

the planes of bedding or across the strata in the form of intrusive

sheets, sills or dykes. The others were contemporaneous with the

deposition of the associated sedimentarics and include outpourings

of lavas, ashes and other volcanic ejectmenta.

d'hc results of field investigation extending over ten years, in

the enormous area occuiiied by this formation and its equivalents,

have shown it to he of al)Sorbing interest to the petrographer. and

the student of volcanic geology, as it was without any doubt the

most active centre of eru])tive energy, to be found in Western Aus-

tralia during this geological epoch. The gold-bearing charactei

of the basal members of the formation has given additional scienti-

fic interest to the series, and added considerably to its otherwise

ecuiiomic importance.

As our exploratory field work has proceeded, coupled with

detailed mapping in certain economically important localities, the

true character and significance of the Nullagine bormation ha:-

been gradually unfolded. Its systematic study opens up a field

which bids fair to offer a rich harvest, and when the crop has

been gathered, it \\\U be found that valuable additions have been

made to the sum total of our knowledge of the igneous rocks and

phenomena of Western Australia.

In the neighhnurhood of Nullagine from which the formation

takes its name, the violent unconformity separating the series from

the underlying beds is to be seen. The basal member of the

Nullagine b’ormation is a massive layer of coarse conglomerate



•.nade up of rounded ellipsoidal, or sul)-ang'ular fragments of the

underlying beds, d'he conglomerate often in.cliides boulders which
reach lengths of 1 to '» feet, though the bands containing the large

fragments are merely local. Figure shows a portion of this

Fi{?. T2.

Auriferous Conglomeu-te, Grant’s Hill, Nullagine. Pilbara GoIdBePb

conglomerate at the entrance to one of the mine workings, reef

quartz identical in character with that forming the auriferous

dct)osits in the underlying strata. Ifcing a very common constituent.

The ])el)l)les arc imltcddcd in a matrix, which is princi])allv sandv.
though sometimes aluininotis. Idmonitized pyrites up to two inches
in length, often forms an important constituent of the conglomerate
or consolidated shingle; owing to the climatic conditions these

pseudomorphs offer very great resistance to atmospheric influences

and retaining the exact form of the original ])yritos, crystals accu-
mulate in fairly large (juantities on the surface.

The flats in the neiglihourhood of Nullagine arc covered with
a heterogeneous collection of boulders and blocks, derived from
the disintegration of the basal conglomerate, of which a good view
may be seen in Fig. V>\.

Considerable interest attaches to the nature of ])ortions of the

basal conglomerate as exposed in the vicinity of Kadgehut Spring,
a watering place some miles to the south of Nullagine township,
where the conglomerate is seen to contain some llattened and
striated ]jel)bles of rocks identical with those forming the under-
lying strata. 1’he special interest attaching to these striated pebbles
lies in the fact that a glacial origin had been assigned to them by my



Fig. 13.

lioulder airewn K'-ats, Xiillagiiie, Ptlbni-a Goldfield.

colleague, the late Mr. Itecher, who was the first to commence the

scientific study of the beds of the Xullagine Formation in the type

district. Relying chiefly on the literature, a glacial origin for

these was subsequently assigned by Professor Oavid. These flat-

tened pebbles however. 1 think, owe their striated character to

mechanical deformation and not to ice action, a view also, held by

Dr. jack, who has had considerable ex])erience in glacial deitosits.

and who has also had an opi)ortunity of examining the specimens

in qnestion. 1

- . !

'The basal conglomerate at Xullagine is about diHl feet in i

thickness, though in some localities this is missing, whilst at just-

in-'l'iiiie. S miles from Marble Par. Avhere it had been mined for its

gold contents, the bed varied from one inch to five feet six inches

in ihickitess.

Another good section is to be seen in the vicinity of Goonauar-

rina Pool on the Sherlock River where the conglomerate—a view

of which is de])icted in I'ig 14—is seen to rest upon a platform

of granitic gneiss and cr}'stalline schists.

At Little Mount Phillips in the Barlee 'i'ableland. the basal

bed is a coarse boulder conglomerate, which is ])retty well vertical

In other localities, as at Rooney’s Patch, at the head of the

Oakover River (at. 2:ideg. S.. long. I'dOdeg. 35min. E. approx.)

the basal lieds of the Eiullagine bormation are, as may be seen in

Fig. 15. very angular, and the rock is rather a breccia than a con-

glomerate. Phis may really ret)resent a scree or talus deposit.



Fig. 14.

Basal Conglomeraie, Nullagine Korm-ttion. Sherlock River,

West Filbara (joldfield.

Fig. 15.

Weathered Conglomerate. Nullagine Formation. Rooney’s Patch,

Oakover Rivei.



From the angularity of many of the pebbles in the conglomerate
it may he reasonably inferred that the coast-line which furnished

them was not far distant, and in all probability the present boun-
daries of the series approximately marks the original shore line.

What I believe to lie an outlying patch of the Nullagine I’or-

mation occurs at Mt. Yagahong. near AFeekatharra. Ifere the

beds which are practically horizontal, rest upon a granite floor.

Yhe basal bed is a thin conglomerate made u]) of pebldes of granite,

above which, as may be seen in the cliff sections are a series of

dark fine-grained sedimentary rocks. (Fig Id). The beds of
the King Leopold Idatean. wherever I have had an opp{)rtLmity of

examining them, everywhere exhibit a remarkably uniform sand-

stone facies, indicating but little change in sedimentation in this

portion of the State, at this period.

Fig. i6.

Sedimentary Beds. Mount Vagafiong, Murchison Goldfield.

IJefore the close of the period represented by the conglomerate

and bonlder beds to which reference has just been made, volcanic

activitv commenced in that portion of Western Australia now
occupied l)y the Xnllagine h'ormation. I'roin numerous and widely

se])aratc(l centres of oruiition. of which the remains at present
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exist, lavas and ashes were thrown out, submerging fairly large

areas of country. So far as researches in the field have been
carried, the volcanic focii. all seem to be situated along or on the

northern portion of the area in proximity to what would appear
to be the shore line of a gradually receeding ocean. The great ex-

tent of the lava flows and associated cjectmenta seem to imply
that these centres of eruption must, during Nullagine time, have
appeared as a remarkable chain of coast volcanoes, but whether
they arc distributed along lines of orographic movement is one of

those, as yet unsolved ])roblems of Western Australian geology.

The occurrence of sandstones, quartzites and other sediments
interbedded with lava flows, etc., point to the fact that some of

these volcanic eruptions took i)lace under water, and must have
been followed by intervals during which sedimentation was carried

on.

In the King Leopold Plateau in the far north, these volcanic

beds occur in great force, and form the highest parts of the country.

At Mount Hann, a very remarkable cliff-faced mountain
situated on the highest summit of the plateau, dissected by the

upper reaches of the King Edward, the Drysdalc and the IVince

Regent Rivers, the volcanic rocks can be well seen. (Fig. 17). The

Fig. 17-

Volcanic Rocks, Mount Hann, Kimberley Division.

cliffs formed by the faces of the lavas and ashes, rise perpendicularly
from 100 to flOO feet in height. (Inly one spot on the western face
of the mountain l)y which an ascent could be made was found.
From the summit of Mount Hatm, about oOO feet in height, an ex-
cellent view of the surrounding country could be obtained, and the
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great extent of the volcanic rocks visible; they were seen about 5

or 6 miles west of the mountain, to rest upon quartzites, which oc-

cupied the country as far as the tidal waters of the drowned
vadey of the Prince Regent River.

Jn the vicinity of Synnot Creek in the King Leopold Plateau,

is a very coarse volcanic breccia which covers a very wide area,

and is associated with the lava flows; as a rule the ashy beds are

Fig. I8.

Volcanic Breccia, Synnot Creek, King Leopold Plateau,

Kimberley Division.

very much finer in grain than that shown in Fig, 18. In

this particular instance, it seems quite clear that the coarse

agglomerate occu])ies the throat of one of the volcanic vents which
has not yet entirely disai)peared Iw denudation; it is still surround-

ed by lava Hows and fine-grained ashy beds. In the heart of the

Hamersloy Range (or i)lateHu) the sedimentary rocks may be

seen underlying the Ijeds of the volcanic series. (Pig. 10).

In certain localities these volcanic rocks reach a very consider-

able thickness, often over 500 feet.

So far as onr ol)servations have been carried, it appears that,

as a rule these lavas have tlie composition of basalts or dolerites.
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Fig. 19.

Stratified Rocks beneath the Volcanic Series, Foriescue
Gorge, Hamersley Range.

though in certain places, such as Mount Ankatell they are closely

allied to the augite-andesites
; while at Bamboo Creek on one of

the tributaries of the Cooiigan River, acidic lavas, quartz felsite,

or rhychte, occur near the base of the Nullagine Series.

The steam-holes in many of the amygdaloidal lavas are filled

with secondary minerals, partly chalcedony and partly calcite.

'I'he wide-spread occurrence of these lavas and their associates,

which are much more numerous and wide-spread in the far north,

nearer to that great circle of fire which forms a festoon round
Northern Australia, and the relatively few volcanic focii so far
noticed, would seem to imply that fissure eru])tions played an im-
portant part in the formation. This type of volcanism finds a
jiarallel in the 200.0(10 square miles occupied by the Deccan Trap
areas of India, and those extensive lava plains of Northern
Queensland, which 1 have been privileged to examine.

.As has already been pointed out, the Nullagine volcanic series

lies very near the base of the formation, and the lavas from which
it is made up vary in composition from basic to acidic. The precise
cause of this differentiation, which seems to have produced what
may be called a gradational series of rock types, has an important
theoretical hearing, yet requires careful investigation.

An imjjortant group of carbonate rocks occupies a distinctive

and well-marked stratigraphical horizon in the Nullagine Forma-
tion. and covers a very considerable area of country in the Barlee
and Hamersley Ranges, and in the valleys of the Ashburton and
Oakover Rivers. As developed in these districts the group nor-
mally consists of magnesian limestones, which vary somewhat not
only in chemical composition but in general ap]5earance. Several
analyses of these have been made, and the limestones have been
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found to contain from 12 to 22 per cent, of carbonate of magnesia,

from 14 to tSO per cent, of carbonate of lime and of carbon dioxide

from 21 to 47 per cent., in addition to varying proportions of silica.

The limestones often have a characteristic surface not unlike

an elephants hide. On account of its definite characteristics, and

its mode of origin which serve to separate it from the bulk of the

Nullagine beds, it has been deemed advisable to designate the

group by a distinctive specific name, h^or this purpose 1 propose

to ado])t for this lithological and stratigraphical unit, the nani-e. 7"^^^

Carawme Dolomite Series, from the name of that locality on the

Oakover River, where the dolomite is so well developed and where

the numerous beautiful clift-sections afford splendid opportunities

for investigation. (Fig. 20).

tig. 2U.

Doloniilic Lirnesiune, Carawine Oakover River, Pilbara

Goldfield.

The thickness of the limestone in the Carawine Pool* section

is as measured not less than 400 feet: the base of this bed of

dolomite is exposed on the eastern side of the Pool, and is seen to

rest upon a volcanic rock. The limestone contains bands of chert

and jasper, which have not however, up to the present yielded any

recognisable fossils, though in all probaliility their origin may be

ascribed to the accinniilation of siliceous skeletons of sponges or

diatoms. The limestone as exposed at Carawine covers a very

wide extent of country, for It has been found to be continuous at

least 2(t miles to the southward. In certain localities springs of

water, highly charged with carbonate of lime, issue from the cliffs

*Lands Department Litho. 108/300.



at the rate of many thousands of gallons per day. Some of the
limestones at Carawine have been faulted. (Fig. 21).

fig. 21.

Fault in Dolomitic Limestone, near Carawine Pool, Oakover River,
Pilbara Goldfield.

At Irregully Creek, in the Ashburton River, the Carawine
Dolomite Series, which in this locality consists of gently inclined
flaggy limestones, rests upon a bed of conglomerate two or three
feet thick, which in its turn reposes directly, and with a violent
discordance on the older beds beneath. Near the mouth of Sol-
diers' Secret Creek, another im]:»ortant tributary of the Ashburton
River, the limestone which is at least M50 feet thick rests directly
on the upturned edges of the schists and slates, which form the
matrices of the auriferous deposits. No conglomerate was found
at the base of the Niillagine Formation, as developed in the table-
land which forms the divide between the watershed of the Lyons
and the Gascoyne.

What may possibly turn out to be the northern extension
of the Carawine Dolomite Series is to be found in the Napier
Range in Kimberley. (Fig. 22).

Mount Russell*, a hill on the boundary between the Murchison,
Peak Hill, and East Murchison Goldfields, distant about 25 miles

* Lands Dept. Litho. 00/300.



north-west from Lake Way, and which rises to about a height of

250 feet above the general level of the surrounding country, is

built u]) of dolomitic limestone which however, is represented by
only very thin heds, nowhere exceeding three or four

feet in thickness, alternating with siliceous shales or slates.

(Fig. 23). The beds are almost uniformally horizontal.

Fig. 22.

Limestone Clitfs, Napier Range, Derby, Kimberley Division.

Fig 23.

Fla.;gy Dolomitic Limestone and Shale, NuUagine Formation,

Mount Rus'^ell, Fast Murchison Goldfield.
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and the general succession indicates a condition such as

is often found in proceeding from a shore-line to deeper areas

of deposition. The limestones are clearly of marine origin, and
as the siliceous beds are found to alternate with them, it may be

inferred that they were also laid down in the sea. of which the

southern margin is defined by the beds of Mount Yahagong, in

lat. 27 deg. South, to which reference has already been made. The
Nullagine Sea. therefore, extended over about fourteen degrees of

latitude, north of Mt. Yahagong, near Gabanintha,

Lying conformably above the Caravvine Dolomite Series is a

considerable thickness of arenaceous sediments, quartzites, ferru-

ginous sandstones, grits with subordinate sandy shales. At Mount
Margaret in the llamersley Range, these arc represented by very

fine-grained ferruginous Haggy sandstones with some very siliceous

l)ands. and also some banded ironstones, the beds liciug practically

horizontal. The ferruginous beds contain magnetite and hematite,

the percentage of iron being as much as from 28 to oT per cent.

These ferruginous quartzites, jaspers or cherts, are sometimes
somewhat calcareous. 'Fhese iDanded ores bear a verv remarkable

resemblance to those hande<l ores, jaspilites, etc., which make such

conspicuous features in most of the southern goldfields, and sug-

gest a common origin for the two. An excellent cxam])le of these

l)anded jaspers is to he seen in the Coongan River at Marble Bar,

which perhaj)s may be regarded as typical. (Rig. 24).

Fig. 24.

Jaspilites, The Marble Bar, Coongan River, Tilbara Goldfield.

Here the laminae forming the “Bar” dips at an
angle of fiOdeg. to the west. The thickness of
the bed is about 220 feet from wall to wall. The rock
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presents a brilliant appearance due to the interlamination of red,

white, and dark coloured hands. The ferruginous beds of the

Hamersley Range are clearly of sedimentary origin. Near
Yelina SoakY these sediments are seen to be gently folded (Fig.

25) and at PundaSpring*** (Fig. 26) the ferruginous beds are very

Fig. 25.

Curvature in Sandstone, Yelina Soak, East Murchison Goldfield.

Fig. 26.

Contorted Jaspilite, Nullagine Formation, Punda Spring.

*Lands Dept. Idtho. (n/;J00.

**Lands Dept. Litho. 91/J500.
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violently contorted, reminding one very forcibly of the contorted

jaspilites as seen in the goldfields to the south, an excellent ex-

am])le of which is to be seen at Marda (Fig. 27). near Mount
Jackson in the Vilgarn Goldfield.

Fifi. 27-

Contoned jaspilite, Marda, Mou'U Jackson, Yil^arn Goldfield.

A remarkable, and very important feature in the plateau

region occupied by the Nullaginc Formation is the abundance of

dolerite intrusions, which take the form either of nearly horizontal

sills or steeply inclined dykes.

These dolerites have a remarkably uniform composition, and

wherever they have been examined th rocks exhibit little or no

trace of recrystallisation or other signs of metamorphism. Occa-

sionally a glassy selvage due to rapid cooling may be noticed occur-

ing at the contact between the dykes and the rocks it traverses.

The dolerites seem to be in practically the same condition in which
they originally congealed, and no great terrestrial disturbance

seems, when the Nullaginc Formation is viewed broadly to have

effected the region since the time of their injection. The dykes are

all readily distinguished by their dark-greenish colour, a rusty and

in places exfoliating weathering. Some extend across country in

more or less straight lines for many miles, and give rise to fairly

conspicuous features standing out boldly on the back of the ridge.
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of which an excellent example, the Black Range (Fig. 28) is to be

seen in Pilbara. The name is given from the almost black

weathered rocks of which the range is made up. One of these

dykes or sills may be seen near Mt. Frew* invading the sedimen-

tary rocks along the planes of bedding. (Fig, 29).

Fig. 28.

Dolerile Dyke, Black Range, Hillside, Bi.bara Goldfield.

Fig 29.

Dolerile Sill in Sedimentaiy Rock = ,
Mount Frew.

*Lands Dept. Litho, 90/300.
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A conspicuous hill in the watershed of Monkey Creek**, shows

a beautiful example of a dolerite sill resting on indurated shales,

with the cover overlying the dolerite removed by denudation.

Occasionally an effect of the igneous intrusion in arching up the

overlying strata may be noticed, an excellent instance of which is

to be seen in Fig. 31) here the intrusion is laccolitic in character,

Fig. 30-

Dolerite Sill, restin'.^ nn Shales, Monkey Creek.

Fig. 31.

Sill in Sedimentary Rocks.

** Lands Dept. Litho. S0/30().
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Near Kunningina Hillt, is to be seen a portion of what may be

called a compound laccolitic form of intrusion of what is usually

described as the cedar-tree type (Fig. 32) here tapering sheets of

dolerite may be seen running out into the neighbouring sediments,

the sedimentary rock being, as may be seen dipping away from the

dolerite in all directions.

Fig. 32 .

Laccolitic Intrusion, Cedar-Tree Type, Kunningina Hill.

Fig. 33-

Dolerite Dyke Cutting through Reef, Oroya-Black Range Mine,

Kast Murchison Goldfield.

t Lands Dept. Litho. 99/300.
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On the northern face of the plateau in the watershed of the

Maitland River in the West Pilbara Goldfield, may be seen a

splendid example of one of these dolerite dykes, cutting the hori-

zontal strata transversely, but unfortunately no opportunity of

photographing it could be had.

These dolerite dykes have been noticed in mine workings,

traversing the auriferous deposits. An excellent instance of which
may be seen in the workings in the Oroya-Black Range Mine at

Sandstane. (Fig. 33). The dykes may also be seen at other locali-

ties outside the limits occupied by the Nullagine Beds, as at the

Croydon Road Crossing on the Sherlock River. (Fig. 34),

riff. 34.

Gabbro Byke, near Croydon Road Crossing, Slierlock River,

West Pilbara Goldfield.

In addition to these dykes and sills, there are a large number
of quartz reefs, containing more or less gold and copper traversing
the Nullagine Formation, only however, in those special localities

which have undergone more or less earth movement.

From such brief descriptions as it has been possible for me to

give you during the short time at my disposal, it appears that during
Nullagine Time, there must have been a huge reservoir of molten
matter lying beneath the surface to the north of latitude 26, and
merely awaiting a suitable opportunity of rising to the surface.

There is as yet little definite evidence as to the nature and
composition of the parent magma, from which these igneous rocks
were derived, nor any adequate explanation as to why the rocks
were acidic in some localities and basic in others.
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The g’eological age of these clolerite intrusions cannot, in the

light of our present knowledge be fixed with any degree of cer-

tainty. As regards the prol}lcm connected with the relative age

of the lavas, ashes, and the dykes and sills, there is but little direct

evidence: it is pos.sible that they may he grouped together into one
series, which may be held to represent one distinct phase of the vol-

canic phenomena of the State.

Since their deposition the Nullagine beds have been uplifted,

and are now disposed in a scries of broad anticlinal folds, having

taken part in orgraphic movements during a period which appears

to have preceeded the formation of the Permo-Carijoniferous

strata. The beds were everywhere uplifted by mountain ljuilding

processes accompanied by folding, faulting, and occasional plication.

In the Strelley River gorge a section is to be seen which show's the

sediments and associated volcanic rocks bent up into a sharp anti-

clinal fold, the axis of which is north-east and south-west. This

fold is depicted in Fig. 35, but the fold was produced so long

/

Generalised Section along the Strelley River Gorge,

Kimberley Division.

ago that its crest has been worn away, and the arch snapped in

tw'O. I'he dotted lines represent the restoration of this arch.

Another excellent example of this folding is to be seen in the de-

nuded auticlinal at Baiigemall, on the Lyons River, the tw^o bands

of quartzite which form the legs of the fold, rise as conspicuous

serrated razor-backed ridges, traceable across country for many

miles. (Fig. 3()). This post-Nullagine movement was doubtless coin-

cident with similar movements elsewhere in Australia, though at

present these cannot be definitely correlated.
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Fig. 37.

Sandstone Bu'.te, thirty-three miles east of 692 VI. Rabbit

Proof Fence.

Tn post-Nullagine times erosion of the series was excessive, i

and possibly long continued. The strata were cut down until in
\

some cases they were represented by mere isolated outliers (Fig. 37 )

such as may be seen thirty-three miles east of the mile* po.st on

the rabbit proof fence near the head of the Oakover River. The

horizontal or gently inclined beds have been deeply incised, and

narrow trenches cut into them, forming magnificent canons, hut

often some miles in length down which the waters find their wav

seawards. A view of one of these canons, carved out of the

OARAfiF I A A
I argillACECKJS SHAL£EftsL*TE‘,..(2SXI MICACEOUS OCAPTZ

SW

* Lands Dept. Litho. 03/300.
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quartzites of the Prince Regent River may be seen in Fig. 38),

These sediments lie on a much lower geological horizon than the

lava hows of Mount Hann. These canons are of great beauty,

and it is much to he regretted circumstances have prevented many
of them being photographed.

Fiy:- 38

Canon, I’rince Regent River, Kimberley Division.

b'or a very long period of time there was a danger of our

geological observations being lost in a mass of detail, and the

time is rajiidly atiiiroaching when wdiat may be called the histolo-

gical aspect of the subject, can give place to generalisation.

The recognition of the positon of the Nullagine b'ormation in

the geological time scale is a iioint of considerable importance.

None of the beds, despite the fact that the dolomites are of marine

origin, have as yet yielded any fossils, hence any correlation of

the strata will be little else than tentative. The earliest observer,

Mr. H. P. Woodward assigned a Devonian Age to the formation,

though the evidence does not seem to be conclusive. The next

observer, the late Mr. Becher. writes that of "the age and origin

of these interesting Nullagine beds nothing definite is known.”

Prof. David infers that the beds are "probably of older Palaeo-

zoic age (
? Pre Cambrian.”)

d'he onlv direct evidence we have bearing on the question of

their age. is that acquired by my colleague. Mr. 'I'albot, in his re-

cent cxijlorations in the north. I'he beds of the Nullagine borma-

tion are seen to jiass unconformably beneath much newer strata in

the IMterson and Broadhurst Ranges, in the watershed of the

Rudall River.
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These newer beds which occupy the whole of the country

traversed by the ill-fated Calvert expedition, which extend as far

north as the Fitzroy River Valley. Fossiliferous Mesozoic rocks

have Ijeen met with in this area at a depth of about 1.400 feet in

one of the bores put down in the search for artesian water at Derby.

There is, therefore, no positive evidence as to the age of the Nul-
lagines beyond the Pre-Cambrian or Archaean below, and the

Mesozoic above, the latter limit being determined by the Belemnites

in the bore-hole referred to.

Geologists are unfortunately, somewhat prone to refer every

stratigraphical or lithological unit to European or other standards,

and to give names to the beds of which they are supposed to be the

equivalent. I am afraid that any attenii)t at present to harmonise
the time-tables, will only end in confusion, and tend rather to hinder

than to advance knowledge.

In its lithological characters, its structural relationships, and
its igneous phenomena, the Nullagine Formation bears a very
marked resemblance to the beds in South Africa known as the

Potchefstroom or Transvaal System, of the age of which all that

it is possible to say that it is Pre-Devonian. The Nullagine beds
also bear a very close relationship to the Bijawar or Cuddapah
Series of Peninsular India, which constitute a part of the Purana
Group, which is assumed to be the equivalent of the Algonkian as

the term was originally understood in American stratigraphical

nomenclature.

The seat of all the Western Australian mineral wealth lies in

the rocks more or less directly associated with the beds of the

Nullagine Formation, and one at any rate of the unsolved problems
which presents itself, is. the ore deposition associate{l with
Pre-Nullagine time, or is it more recent than the mountain building

era, during which the schistose structure was developed?

In the multiplicity of the problems, the master one is that just

propounded, and the solution of it involves pretty well all others,

a condition which almost instinctively brings to mind the words in

the Talmud;

—

'‘The day is short, and the zvork is great, it is not inc'umbent

upon thee to complete the zvork, hnt thoit must not therefore cease

from itT

We are glad to see, that despite all the difficulties, geological
science, which is perhaps one of the very best of grounds for
training the faculty of observation, and the power of reasoning,
has taken its rightful place in the highest educational institution in

Western Australia. In years to come, we shall look forward to the
time, when some of those trained within its walls will play a part
in helping to solve some of the many problems in Western Austra-
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Han geology, of some of which but a passing glimpse has just been
afforded you.

“Wherever and by whatever means sound learning and useful

knowledge are advanced, there to us are friends. Whoever is pri-

vileged to step beyond his fellows on the road to scientific discovery
will receive oitr applause and if need be our help. Welcoming and
joining in the labour of all. we shall keep our place amongst those
who clear the roads and remove the obstacles from the path of
science, and whatever be our own success in the rich fields which'
lie before us. however little vve may now know, we shall prove that

in this our day we knew' at least the value of knowledge, and joined

heart and hands in the endeavour to promote it.”

So spoke the President of the British Association for the Ad-
vancement of Science in the year ISfia, and to his W’ords I merely
add by way of an echo, “So say all of us.”

My self-imposed task is over; my term of office as your Presi-

dent, has now^ come to an end. and in vacating the Chair, in favour
of my successor, may 1 ask you to ponder over the deeper meaning
conveyed in the words of one, alas ! of our very few, Australian

poets :

—

"God said let there be light. They but fulfil

With banded aim. His first recorded w'ill.

Who pass obedient to the prime command,
The torch of Science on from hand to hand.”
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PRINCIPLES OF CURRENCY,

By
Me. F. E.

(Read 14th September, 1915.)

The word currency is used to denote that which passes from

hand to hand as a medium of exchange. At the present time,

coin, notes, cheques, bills of exchange, postal orders, etc., consti-

tute our currency.

Simple exchange or l)arter is clumsy and inconvenient, except

for those isolated occasions when one person has exactly what

another wants at the same time that the second person has exactly

what the first wants. This coincidence is so rare that the need for

the use of some commodity as a store of value and a medium of

exchange, that is to say as currency, is one of the earliest felt by

traders in any community. It is only in small villages where a

simple form of communism has been established that any collective

life can be carried on without a currency in which to measure the

value of the various services ])erformed. In barter one of the

greatest difficulties is how to deal wdth large objects difficult or

impossible to divide. One of the first conditions to be fulfilled by

the medium to be used as currency, must therefore be divisibility.

Alost of the currencies of the past, except that of the pastoral

states, were made of materials easily divided to meet the needs

of small transactions.

For currency it is desirable also to select something which is

generally w^anted. as an article which is in fairly constant demand
will remain at about the same value at all times. Stability in

the value of the material used as currency is obviously important.

It is desirable also to have as currency something that can easily

be carried about, easily recognised, difficult to destroy, and homo-
geneous in character.

It is clear that it is difficult, if not impossible, to find a com-
modity fulfilling all these requirements, nor are they alw^ays of

equal value. The nature of the trade of the country concerned

would decide which of the attributes wxre the most important.

For a small country with simple industries, a currency that can

easily be passed from hand to hand, keeps about the same in

value, is easily divided, and easily recognised, would be about all

that would be required. History shows that for such conditions

currencies of cow’rie shells, wampunpeag. rum, sugar, tobacco, or
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metallic coins have all proved able to meet the requirements of

trade without much inconvenience. For a great commercial or

industrial State, such a curreticy is not quite sufficient. For deal-

ing with wealth in large sums, portability and stability of value

become much more importaiU. The medium of exchange need not

be the actual standard of value, but only some token representing

it. The use of such a token permits of a medium of exchange of

great portability being in use, together with a standard of value of

great stability. We see such a system in operation in the United

States. The standard of value is a (theoretical) gold dollar,

standard gold coins being made of the values of 10, 5 and 2^ dol-

lars. The principle currency is however of paper: a most port-

able material. The one serious drawback to this system is the

ease with which the material used for currency can be destroyed,

particularly by fire.

Under modern conditions heavy and bulky material is not de-

sirable for use as currency, although in pastoral States slow

and cumbersome oxen appear to have been sufficiently portable

for the needs of the community. Such a medium of exchange

would ol)viously be useless for the thousands of small transactions

of modern life. Even metal, when it becomes chea]) is apt to be

too bulky for convenient use. A curious instance of this occurred

in Sweden. ITom lfi44 to ITTfi there was a currency of thick

square jilates (i)latar) of i)ure copper of various sizes, the largest

weighing as much as IT kilogrammes {‘jTJ- lb. avoirdupois). The

value in silver dalers. with the year of its issue, was stamped in

the corners and in the middle of each plate. The reason for using

these cumbersome blocks was a desire to benefit the Swedish

Gopper mines, fi’or a long lime these jdates formed the chief

medium of exchange in Sweden, and as they were very unwieldly,

merchants had to i)rovide themselves with wheelbarrows when

making payments of any consideral)le sum. The value in sterling

of the large plate w'as about £l fis. 5d., so that a payment of three

])ounds involved the transfer of a hundredweight of copper

plates. In onr own currency the penny, which is only a token

representing the 240th of a ])ound, is inconveniently large.

The attribute of divisibility is very important for modern

retail trade. Oil, corn, cowries. wampun])eag. tobacco, etc. were

all superior in this respect to cattle. Many things, such as skins,

which have for a long time been the i)rinciple medium of exchange

among the red Indians, can be divided, but unfortunately two small

pieces are not of the same value as one large piece of the size ot

the two put together. Moreover the more such material is cut. the

less valuable it becomes. With metals, however, owing to the ease

with which they can be melted together after division, this draw-

back does not exist to any extent, and in the case of the precious

metals hardly at all. In the case of the material chosen for cur-

rency divisibility is essential, while divisibility without loss of
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value is highly desirable. Gold and silver possess both these attri-

butes, and in that respect are ideally fitted for currency.

Approximate indestructibility is also desirable. Something is

required that will not evaporate, decay or rust, and is not easily

dissolved or burnt. Here again gold and silver appear to be the

materials which best fulfil the requirements. It is not difficult to

obtain these metals, or the alloys of them that are customarily

used for coinage, in a state of practical homogeneity. In curren-

cies of cattle, skins, wheat, oil etc. this attribute is sadly lacking.

It being difficult to produce a unit of any of them which is of

precisely the same quality as that of any other unit.

The greater the volume of retail trade, the more necessity

is there for the currency to be composed of something which can

readily be recognised. In a pastoral state there is probably always

plenty of time to thoroughly examine an animal which is ten-

dered as ])ayinent in order to be sure that it comes up to the re-

quired standard. I'or ])resent day conditions such a currency

would be hopelessly unsuitable. Precious stones, ideal as they

are as a store of value, are unsuitable for currency because of the

difficulty of appraising their worth. If diamonds, so portable and

indestructable, wore in frequent use as currency, I fear that many

of us would be in danger of finding our stores of wealth largely

composed of worthless glass. In respect of easy recognition, pieces

of metal seem to be best suited. Cut into certain sizes, and stamped

all over with the same markings, as are our modern coins, they are

easy to recognise at a glance.

It will he seen from the foregoing that nothing is able to

serve all the requirements equally well, but that metals, and par-

ticularly the precious metals, approach nearest to the ideal. Alloys

of copper, nickel and aluminium have also been found suitable.

At the present time wc use gold

as a commodity,

as currency,

as a store of value, and

as a measure of value.

Such an arrangement has great advantages, but it is not

essential, and has frequently not been the case. For instance, the

measure of value might be silver, the principal currency gold, and

the store of wealth diamonds. In Queen Elizabeth's time silver

was the measure of value, gold was used for large payments, while

the standard of value in reckoning long leases was corn.

One of the chief inconveniences of the system of reckoning

in one substance and paying in another is that payments, such as

rents taxes and tolls, intended to remain the same, do in fact

become very different without any apparent change having taken

place. If rent is payable in wheat, reckoned at so many bushels



of wheat to the pound sterling, the amount would always be re-

corded in pounds, shillings and pence as the same, whereas in bad

seasons it would really mean a heavy rent, and in good seasons a

relatively low one.

In lands where hunting is the principal occupation, it is found

that the measure of value and the medium of exchange is usually

furs or skins, or perhaps articles of ornament. In North America

both these forms of currency have existed. Strings of beads made

of shells, known as wampungeag. served the Indians, both as orna-

ments and currency. So firmly fixed was this, that the Court of

Massachusetts, in 1649. ordered it to be received in payment of

debts among the settlers at a rating of forty shillings for a piece

a foot long (if of black beads), and tw’o feet (if of white beads).

This form of currency being very indestructible, was used by the

Indians as a store of wealth, and was hoarded just as coin is

hoarded.

Another, and perhaps better known currency, is the cowTy

shell. These are used in West Africa. India and Siam. In India

they generally pass at a rating of 5.000 to a rupee (about .01 penny

each). In hbji whales teeth have been used as currency, one red

tooth being worth al)out twenty white teeth. Amber, engraved

stones, and scarabs have all been used as currency at various times

and places.

In pastoral States, cattle and sheep have usually formed the

measure of value and the currency. The ancient Hebrews

reckoned their wealth in flocks and herds, although they used

wedges of gold for a store of value and for payments on a large

scale.

Animals as currency have many conveniences, they do not

require to be transtiorted, but can convey themselves from the

debtor to the creditor, they are easily counted, and they are. in a

])astoral state, universally in demand, also they keep at about same

value for some years. Their chief drawback is lack of divisibility.

In Greece oxen were used as currency, although at the same

time gold and silver were used as a store of value and occasionally

as a medium of exchange.

It is interesting to us that it is from these pastoral days, with

their animal currency, that we get many of our words relating to

coin and currency.

4'he ligure of an ox was one of the first to be Impressed upon

metallic currency, and our word pecuniary is derived from the

latin />ccv/.?-cattle.

The word fee again comes from the Anglo-Saxon fcoh

(cattle). While in modern German, the word rich also means

cattle. In Norse, Anglo-Saxon and old English, the word skat

meant cattle, and also tax. ])ayraent or tribute. Thus we have de-

rived the expression Scot free— free from tax or tribute.
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Cattle being counted by the head, they were called capitate,

hence the word capital, also the legal term chattel.

In agricultural states, corn has usually been the currency. In

Egypt in particular this was so. In Mediterranean lands, olive oil

has been used as currency. This is a convenient medium from the

point of view of divisibility. It lasts a very long time, and is in

constant demand. Fufilling therefore, two of the conditions neces-

sary for a commodity when used as currency. In Central America
cacao nuts have been used.

Two of the best known vegetable currencies are tobacco and
sugar. In the North American plantations, now the New England
States, tobacco was the currency for a very long period. In 1732

Maryland made tobacco and Indian corn legal tender for pay-
ments.

In the West Indies, payments were legal in sugar, rum,
molasses, indigo and tobacco.

In Barbados the currency was at first cotton and tobacco.

In 1640 sugar became the currency and was rated in sterling at

10s. per 100 lbs. By the close of the 17th century, coin had taken
the place of sugar to a great extent, and by 1715, a metallic stan-

dard was formally established.

Manufactured goods have also figured as currency. Pieces of
cloth known as guinea pieces have been used on the west coast of
Africa; salt in Abysinnia, Sumatra and Mexico; Benzoin gum and
beeswax; in Sumarta, feathers, tea, etc.

In general the development from simple barter to the modern
system of metallic and paper currency has followed much the same
course. Various media of exchange were used until the idea was
hit upon of making a metallic token to represent the article for-

merly used. A piece of metal comparatively rare at the time was
taken and stamped with a mark to indicate that it was worth a unit
or multiple of the customary standard of value. Thus in the case
of ancient Greece, payments were made in bronze coins, reckoned
in terms of cattle. That is to say. the money of account was cattle,

but the currency was copper. As time went on the idea of the

original currency became vague, and the metallic representative
itself became the standard of value, and the money of account,
as well as the medium of exchange. Increased mining operations
made the chosen metal more common, and more of it had to be
given in exchange for other things, that is to say: prices rose.

The amount of coin to be handled then became inconveniently
large, and at length a rarer metal was selected to represent thv
higher values in a more portable form. Thus copper, then silver,

and lastly gold, were pressed into use for metallic currency.
Ultimately owing to great expansion of trade, even gold became
too bulky for convenience, and the further device was resorted to
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of storing the gold in a safe place, and issuing written promises to

pay gold out of that store when demanded. These documents
(bank notes) greatly facilitated trade. Hy their aid the ownership
of very large amounts of gold can easily be transferred from one
person to another without the gold itself being moved. The chief

drawback to the use of l^ank Notes is their liability to destruction

by fire, and the ease with which they enable a thief to get away
with sums which he could not transport at all in the form of gold
or silver. When in iuiropc the currency was chiefly made up of

gold, silver, and notes, highway robbery was very rife. A later

development of paper currency, the Bank cheque however put an
end to that form of theft, d'he cheque form is useless until signed

by someone who has money deposited at the Rank, while the

devices of crossing and making the cheque payable only to the

wTitten order of the payee, have provided means by which pay-

ments of any amount can be made without handling anj’thing more
valuable than a piece of ])aper. Rills of Exchange, Money Orders,

Postal Notes and Treasury Notes are still further developments of

paper currency. When metallic currency is used the payee receives

a commodity of the value of the thing he has parted with, whereas
if he takes paper he has received that which of itself is of no value,

and can only be used by him as a medium of further exchange pro-

vided that all parties concerned are satisfied as to the good faith

and ability of the person named upon the document to meet the de-

mand for the standard metal when it is ultimately made.

It will be seen that this last stage constitute.s a sort of per-

fected barter, because the only things of value which are actually

passed from hand to hand are the goods.

It is interesting to trace how our present system of currency:

a gold standard, with gold coins and silver, bronze and paper

tokens, came into being.

In Anglo-Saxon times the standard of value w-as the pound

sterling, divided into 240 silver pence. That is to say, a pound

weight of silver of the fineness used by the Easterlings (the name

given by the Angles and Saxons to their ancestors on the Contin-

ent). That fineness was 11 oz. 2 dwt. of pure silver, and IS dwt.

of alloy, w'hich can be expressed in the modern decimal system of

recording fineness by the figures .920. This fineness of the silver

coins of Britain has remained unchanged down to the present day,

except for a period of lo years in Tudor times, when the following

debasement took place :

—

Henry VTIL: 1548, fineness .883.

Edward VI

:

Elizabeth

:

1545 „ .500.

1548 .383.

1550 ,500.

1551 ,250.

1553 .921.

1558 fineness restored to .925.



The gold standard was adopted in 1816, and since that time the

words "pound sterling” have heen used to denote the weight of a

sovereign, that is to say \'‘2H.27 grains of gold of 22 carat fineness

(or .91H), which pound is also divided into 240 pence. The words

pound sterling therefore, as now used, have no relation to any

pound of gold, nor to the old sterling fineness, but are simply the

old familiar terms descriptive of the former currency which have

been transferred to the new gold currency. In the course of time

however, the word sterling has come to mean "the standard fine-

ness as fixed by law,” and in that sense is justly applicable to the

gold sovereign.

Until 1816, silver was the legal standard of value, and the

value of all other things, gold included, was reckoned in it. From
Stuart times onwards, however, gold was much more used than

formerly, and because of its convenience for making large pay-

ments, became of principal importance in public estimation. It

thus arose, that although silver was the nominal standard, gold

from its usefulness became the more important metal.

When however, the rating of gold in sterling was too low, gold

coins were bought up and exported as bullion to the countries where

a better price could be obtained.

The Government would then raise the rating, and back came
the gold coins, but. unless the new rating very accurately corres-

ponded with the market values of the metals, away would go the

silver ones. For about two centuries difficulties due to the im-

possibility of keeping both the gold and silver coins in circulation

at the same time were hardly ever absent. The currency at last

got into this condition:

—

There was a fair supply of gold coins, but the silver coins

consisted almost entirely of worn, clipped and debased pieces, so

bad that it would not pay anyone to sell them as metal. Reflection

wdll show' that that state of affairs was, in its principle, very simi-

lar to that of the currency we now have in use. Gold, although not

nominally the sole standard, was in fact treated as such, and the

silver coins, nominally standard coins of intrinsic value, had in

point of fact become more or less worthless tokens passing for

recognised fractions of the gold coins. The principle of the pre-

sent currency : a gold standard with token sub.sidiary pieces, w’as

therefore in existence, although the public did not realise the im-

port of it. At last a man arose who saw the meaning of the situa-

tion, and the reason for the state of currency chaos w*hich had
lasted for so long. That man was Lord Liverpool. In 1805 he

addressed a letter to King George TIL in which he pointed out the

nature of the disease and prescribed the remedy. This letter,

famous to all students of currency, made it clear that it was im-
possible to attempt to measure commodities in two things at the

same time. That there must be one standard only, and that if for
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the convenience of retail trade, coins of any other material proved

to be wanted, then they must be made to pass for so much more
than their metallic value as to prevent all temptation to melt them
down, and further, that as at the time gold was held in the highest

estimation by the public, and had thus been made a virtual stan-

dard. it was desirable to legally instal that metal as the standard

of value, and in future to use silver for the manufacture of token

pieces.

In his letter, Lord Liverpool dealt at length with evidence

showing how impossible it had proved to maintain a currency in

which more than one metal was required to circulate at its intrinsic

value. He states that ’‘By a decree of the Star Chamber Court, on
the 7th February, seven persons convicted of culling out the

most weighty pieces of coin of this realm, and melting them down
and exporting the same, as well as foreign coin and bullion, to

foreign parts were fined tS.lOO, and committed prisoners to the

Fleet till they paid the fines so set upon them. It is asserted that

individuals had by those practices made a profit of £7,1)00 to £8,000

per annum. . . . "But notwithstanding the proclamations, and the

severities exercised for enforcing the execution of them, it appears,

from a writer who lived in those times, that silver, either in foreign

coin or bullion, was sold during the whole of this reign at Id., 2<1..

3d., etc. per ounce, above the Mint price, and he alleges that £30.000

in sixpences, shillings and half-crowns were melted annually by

one single goldsmith for six years together, from 1624 to 1030.”

The Secretary to the Treasury, ^\r. Lowndes, in a report dated

the 12th Septmber. 1095. states “That in consequence of the defec-

tive state of the silver coin, great contentions daily arose among
the King's subjects, in fairs, markets, sho])s and other places

throughout the Kingdom, to the disturbance of the public peace;

that many bargains and dealings were totally jirevented and laid

aside, which lessened trade in general
;
that persons before they

concluded any bargain, were necessitated to settle first the price

or value of the very money that they were to receive for their

goods: and that they set a price on their goods accordingly: that

these practices had been one great cause of the raising the price,

not only of all merchandises, but of every article necessary for

the sustenance of the common people., to their great grievance.”

Lord Liverpool’s conclusion was summed up in the following

words, “Coins of both metals cannot be sent into circulation at the

same tiiiic zvifhout exposing the public to a traffic of one sort of

coiji agahist the other by which the traders in money ivould make
a consulerablc profit to the great detriment of Your Majesty's

subjects." ...

He pointed out that the then existing silver coins were

‘‘subordinate and subservient to the gold coins, and in this quality

only are current.” and stated that in his opinion ‘‘gold coins should
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continue to be the principal measure of property and instrument

of commerce.”

Lord Liverpool’s advice w^as followed, and in 1816 the gold

standard was formally adopted, with silver and copper coins as

tokens passing current for definite fractions of the new gold pound
sterling. The new standard coin, the sovereign, was first coined
and issued in 1817.

I"rom that time onwards the currency troubles of the British

Isles ceased, and it is hard in these days to realise the conditions of

chaos which reigned in this matter only one hundred years ago.

Britain was the leader in the matter of the adoption of the

single gold standard, but nearly every other nation has by this time

followed. The "Latin Monetery Luiion” first formed in 1865
(France, Belgium, Greece, Italy and Switzerland) endeavoured to

maintain the dual standard. In 1878. however, the coinage of

silver standard five-franc pieces was “suspended.” and a virtual

adoption of the gold standard thus introduced. Other countries

adopted the gold standard in the years shown below :

—

1868, Spain.

1871, Germany. Norway and Japan.

1875, Holland.

1899, Russia.

19U0, United States.

In 1899, the sovereign was made legal tender in India. In

1906 however, it was fixed at a rating of 15 silver rupees.

Experience therefore appears to show that the only sound
principle of currency is to have one commodity as the standard of

value, and to express all values in terms of that standard. All

other instruments of exchange, whether of metal or paper to be

subsidiary to that standard. Token coins to circulate at so much
more than their metallic value that profit cannot be made by melting

them into bullion.

In adopting this principle it is not necessary for the actual

standard of value to be represented by a coin. In the United

States there is no gold dollar, nor in Germany is there a gold mark.

The gold coins represent multiples of the standard.

It is not necessary in busines to make constant use of the

standard coin (as is commonly done in England and Australia) so

long as a sufficient store exists for the exchange of tokens on
demand.

In view of the simplicity of the principles laid down by Lord
Liverpool, and of the complete success which followed their adop-

tion. it is remarkable that about twenty years ago there should

have arisen quite a powerful movement to reintroduce the old

system, or something indeed, a little worse. The bi-metallists

of the ninetys wanted to fix the ratio between silver and gold by
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law. In the old chaotic system some relief could be got by adjust-

ing the ratio of the coins to the market worth of the materials of

which they were composed, but this new proposal would not even

have permitted that. The movement was probably set on foot by

people who were losing by the fall in the gold price of silver, such

as pensioners home from India, who had their pay reckoned in

silver rupees and then changed into ever decreasing sums in

sovereigns, also exporters of goods to India and China, who
suffered in the same way. There were others, and a larger class,

who were doing very well out of the fall in the price of sliver.

They naturally kept quiet. Not much was heard from the impor-

ters of Indian, Chinese and Japanese goods who found a pound

spent in Asia was able to buy more and more goods every year,

goods which they sold in Europe at the same prices as before.

However the attempt to govern the fluctuation in the value of a

commodity by Act of Parliam.ent is about on a par with the fahled

exploit of Canute and the waves, and so, after a very energetic

campaign in its favour which lasted for several years, the bimetallic

scheme died a natural death.

The fundamental fallacy of the bimetallists appears to be

that gold and silver are not commodities in the ordinary sense of

the word, but that there is something intrinsically different in them,

and that it is possible to fix not only their value, but the ratio

between their respective values, by Act of Parliament, although a

proposal to do the same for the prices of say corn and coal or pota-

toes would probably be at once dismissed as absurd. Currency

questions will never be clearly understood unless it is borii in mind

that the standard of value is only one of many commodities, chosen

it is true for the qualities referred to in the beginning of this

paper, but in no way different from the others in the matter of its

price being fixed by the combined action of the demand for the

article on the one hand, and the cost of its production on the other.

The danger of investing gold and silver with mystic properties not

shared by other commodities was dealt with by Locke as long ago as

the year 16hl, when he wrote, "An ounce of silver in pence, groats,

crown pieces, stivers, or ducatoons, or in bullion, is, and always will

be. of equal value to any other ounce of silver.”
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INTRODUCTION.
The town of Albany is situated on the northern side of

Princess Royal Harbour. This harbour is an almost completely

land-locked body of water about five miles long from north-west to

south-east, and about two and a half miles in width, which at its

eastern end connects with King George’s Sound by a narrow

channel. Much of the country surroim<ling Princess Royal Har-

bour is of a rugged and broken character, rising into high rounded

domes and ridges of granite on the northern .side, and into a

prominent serrated ridge of granite and the rock known as

"coastal limestone” on the southern. This latter ridge separates

the waters of the harbour from those of the open ocean. (PL L).

King George’s Sound is a large sheet of water almost land-

locked on three sides, hut open on the east to the f'cean. It is

connected at its western end with Princess Royal flarbour, and
at its north-w^estern corner with the estuary known as Oyster

*By permission of the Director of the Geological Survey of Western
Australia,
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Harbour. The Sound is bounded on the north chiefly by high

steep ridges o£ granite which plunge sharply into the sea; on the

west by the low sand hills of Middleton and other beaches, and b>

high cliffs of granite; on the south by a precipitous line of granite,

flanked by the coastal limestone
;
and on the east by the ocean,

with Michaelmas and Breaksea Islands dividing the entrance into

three channels.

Oyster Harbour has an extremely narrow entrance, but opens

out to a width of about two miles. Most of it is very shallow,

and at low tide, large areas of its bottom arc exposed. At its

entrance, the opposing sides are strikingly different, that on the

west being the end of the low Middleton Beach and sand-cliffs,

known as Ifmu Point, and that on the east being a granite mass

513 feet high, which rises rather abruptly from the water. The

western shore of the harbour is either fringed with low-lying silted

up ground or with cliffs composed of sedimentary rocks of little

Height, which bear evidence of marine abrasion. Most of the

eastern shore is only a few feet above sea level with low ridges in

the near background. The King and Kalgan Rivers enter at the

northern end.

Fig- 39-

From the western end of Princess Royal Harbour and stretch-

ing at least as far as Torbay Inlet, there is a belt of low-lying
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swampy ground parallel to the coast, and occupied in ])laces by

small lakes (e.g. Grassmere or Lake Powell, adjacent to the Grass-

mere railway station). Into this area, which might for conven-

ience be referred to as the “Grassmere Valley,’' the Seven Mile

Creek and Marbellup Brook drain. To the north of Grassmere

Valley the country ascends to a low extensive and somewhat dis-

sected plain, which is formed of marine sediments.

We may summarise the chief physical features of the country

as follows :

—

(!) Swampy land, a few feet only above sea level.

( 2) Slightly elevated plains of marine sediments, these plains

in the vicinity of Albany being dissected by shallow wide open

valleys.

(3) Belts of granite, dissected by streams, with isolated hills

and groups of hills of the same rock attaining to various heights

up to 700 feet above sea level. Within a short distance outside

the area dealt with in this paper, the -granite hills attain a height

of close upon 2,000 feet or more.

(4) Along the coasts of Princess Royal Harl)our and King

George’s Sound, bold rocky cliffs, which alternate with smooth

sandy beaches, behind which lie shallow lakes and swamps with

intermediate sand ridges^

(5) The granite and limestone ridge between the harbours

mentioned and the open ocean.

GEOLOGY.

The general geology has been described by Mr. A. Gibb

Maitland,! Government Geologist of Western Australia (see Bul-

letin 20 of the Geological Survey), and his map is here reproduced

with some slight variations and additions to the geology and some

other details which illustrate the physiographic changes discussed

in this ])aper.

SbC-TWN OF COUA/TR'i AT AlBANY.

^ Basic Dynes --A'lAn/NB Sepi/^bnts
/pLAnTAGener Beds)

Fi^r. 40.

tSome earlier references are given by Mr. Maitland, but as they do
not affect the main quesdons here discussed, we do not quote them.



FUNDAMENTAL IGNEOUS COMPLEX.

The fundamental rock is granite which has a wide distribution

throughout the Aliiaii) district, its chief outcrops forming all the

higher ridges and hills, except portions of the Darwin Ridge. It

forms the rock of all the islands, and of most of the prominent
sea cliffs, as well as constituting the main portion of the Poron-
gorup Range. miles to the north, between Albany and the

sedimentary Stirling Kange. In the vicinity of Albany the granite

varies much in texture from fnie to coarse-grained, and is fre-

quently ])orphyritic. It is traversed by veins of apUte and pegma-
tite. The granite is essentially composed of quartz, microcline,

oligoclase. hornblende and biotite. Its surface contour is most
irregular, reaching ld(J5 feet above sea level at Mount Gardiner,

and extending in places beneath the marine sediments to some
depth l)elow the ocean level. It has suffered enormous erosion

prior to the deposition of the Plantagenet HedS described later,

and further denudation since their formation.

Intrusive into the granite are numerous basic dykes ( dolerite

and basalt) which range in width from less than an inch to

many yards. These dykes may be seen on many of the bare

granite hills penetrating the granite with remarkable clearness,

rivalling in this respect the diagrams of text books. At the brick

pit about three miles to the north-west of Albany, a decomposed

uasic dyke cuts through not only the granite, but also the over-lying

marine sediments. Thh evidently belongs to a later series of basic

dykes than many of those intrusive into the granite, and may
possibly be related to the basalts of which those at Bunbury are

the type.

PLANTAGENET BEDS.

In the hollows of the granite the marine series of sediments

already referred to. rest. These beds, the deposition of which has

largely levelled the country, the authors propose to name the

"Plantagenet Beds,” in view of their wide distribution throughout

the Plantagenet district. They extend at least from Torbay (to

the west of Albany) as far eastward as the Phillips River, and

northward to the southern side of the Stirling Range. The only

localities where they have been studied in any detail are Albany,

Warriu]) (about -b") miles north-east of Albany) and Cape Riche,

though characteristic fossils have been collected at many other

points. The rocks at /\lbany are well shown in the brick pit

mentioned above. They cottsist of a silt at times cemented into

a fine-grained sandstone, and they still retain jiractically their

horizontal position, showing that although the land has since their

formation been relatively elevated and depressed, scarcely any

disturbance of the rocks has occurred. Siliceous sponges are

esi)ecially abundant throughout these beds, many complete skeletons

of lithistids being obtainable, w'hilst isolated spicules of the same
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and of tetractinellids form an important proportion of the whole

rock. In addition, gasteropods, cephalopods, lamellibranchs, and

echinoids are found, but unfortunately they are, as a rule, too

poorly preserved for specific determination, though an extensive

collection might ena1)le the s])ecies of some forms to be ascertained.

Lithologically these beds are characterised by

—

(1) Their uniformly fine grain.

(2) The comparatively small proportion of kaolin present.

(b) The almost total absence of calcium or magnesium car-

bonates.

(4) The large ])roportion of purely siliceou^material present

(
quartz and oi)al )

.

(a) The fact that siliceous foi)al) sponge spicules form an

appreciable, at times a preponderating, part of the whole mass.

(tj) The usual slight coherence of the ])articles to one another.

d'he following arc analysesj of two coherent sandstones belong-

ing to this series from Cape Riche :

—

While Stone. Vellow Stone.

S1O2 sol. in 5 %
Si02 insol. „

NaOH
5,

... ...

60 22

^3-40
cc cc

AI2O3 ... ... 6.2^ 5 95
FejOj ... ... T -95 234
MgO ... ... ... 57 39
CaO • • • . • . ... '3 nil

H 2 0 above 100° 2 74 2-82

H 2 0 ;it loo'^ . . ... ... 3*50 3'19
Alkalis end loss ... 1-24 2-43

[OO'OO I OO'OO

Bulk specific gravity 133 1-44

'True specific gravity 2 . I 8 2 -20

In consequence of having been laid down upon a very irregular

surface of granite the thickness of the Plantagcnet Beds must be

variable, in some places l)eing very thin and probably nowhere
exceediu-g feet. Their exact age is tindelermined, but from
the freciuently unconsolidated nature of the materials, their a])proxi-

mately horizontal stratification, and the modern appearance of the

contained fauna, the sediments cannot be very ancient. I'ossils

from various localities have at times been examined by Mr.

J Hy E.S.?.



Robert Etheridge, of the Australian Museum, Sydney, but on
account of their poor state of preservation, he has been unable to

state their age more definitely than (taking the substance of his

statements for various localities in impul)lished letters to the

Geological Survey of Western xA.ustralia) as “either recent or

youngTertiary.’* **

On the other hand the most definite evidence in regard to the

age of the Plantagenct Series is afforded by the fossil .-ituria

australis (McCoy), a cephalopod. having in Victoria, according to

McCoytt, and Chapnian$t, a range from Oligoccne to Lower
Pliocene. One specimen of this was determined some years ago

l)y R. Etheridge, Junior, in material from Cape Riche, and a

second (piite recetitly by T.. (dlanert in undoubted S])icular silt of

the Plantagcnet Series from the Bremer River**, 10(i miles north-

east of Al1)any, In view of the occurrence of this fossil, and

of the known extensive sul>mergence of Southern Australia during

Miocene times, the authors ‘believe that the Plantagenct series will

ultimatelv be determined as of Miocene age.

From a ])hysiographic and geological i}oint of view, it is very

necessary that a detailed examination should be made of the fossils

contained in these widesjmead dci)osits. The same remarks apply

to other fossiliferous rocks of comparatively late age in the

southern ])ortion of this State ( e.g., those at Lake Cowan) which
may ultimately be correlated with the Plantagenct Series.

LATCH rOKMAl'KJXS.

The rock known as the “Coastal Limestone” occurs ond^ortion?

of the crest and sloi)es facing the ocean of the high ridge between

IVincess Royal Tlarbour and King George's Sound on the north,

and the Southern Ocean on the south, to which reference has

already been made. Charles Darwin, during the famous voyage

of the “Beagle” lande<l near P>ald Head and made various ob.scr-

vations there. As the ridge referred to hears no distinctive name,

we propose lo term it the "Darwin Ridge,” in honour of the great

naturalist who first studied its structure. The coastal limestone

mav be ol)servcd covering and j)lastering over the granite, which

from its numerous outcro])S at all heights from sea-level to crest

may be rcgarderl as the back bone of the ridge. i\Tr. Maitland has

described this limestone and considers it to be of aeolian origin,

a conclusion reached independently by the authors, who have

observed that it is comi)osed mainly of foraminifera and fragments

of calcareous algae, which have been blo^\T^ into their i)resent

*See Bulletin 26 of the Geological Survey of Western Australia, p.

60.

I't kalaeotology of Victoria, Decade III., PI. xxiv., pp. 21, 22.

ft “Australasian Lossils,” 1914, p. 210.
** Bremer River runs into Bremer Bay.
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]:ositions by the i)revailing winds. The rock represents in their

opinion, old sand dunes that have l^eeii in large part consolidated.

Owing to the variability in composition from place to place,

the whole of the sands of these old dunes have not been con-

solidated into the hard coastal limestone, although the latter rock

outcrops so widely that in maj^ping the country fairly definite

boundaries must be given to the area in which the limestone pre-

dominates, and in this way it must be saparated from those other

dimes which appear so far to have entirely esca])ed consolidation,

or almost so.

This irregularity of conversion of the dunes into limestone

is rather to be expected than to be wondered at, when the process

of consolidation, namely, the solution from the sands themselves

and the redeposition of carbonate of lime, and the diiferetit

characters of the sands, which are i)artly calcareous and partly

almost wholly siliceous, arc considered. The process may be

regarded as a more oi less continuous one from the time of its

commencement to the present day, and it is still going on. Concur-

rently with this consolidating ])rocoss. the limestone is being re-

duced again to sand by atmos]dicric agencies, and these two

antagonistic forces have no doubt been at work from the time when

consolidation first commenced, which would probably soon follow

the formation of the dunes.

There is no definite evidence as to the age of the older dunes,

but judging from their distribution they ivere formed subsequent

o the de])osition, and uplift of the Plantagent marine beds.

The remaining rocks of the district belong to the recent period

and comprise the sands of the jmesent forming dunes of the coast

and of the beaches and bars of the present seas, together with the

fine silt (including diatomaceous earth of Crassmere and else-

where) now filling the lakes and swamps of the low-lying portions

of the district. They need not be further mentioned here.

PHYSIOGRAPHY.

KJX'EXT 1)ISPLA(’EMKXTS OF THE STBAXD LINE.

There is evidence in the Albany district of three comparatively

recent—geologically speaking—displacements of the strand line,

'['he first (jKjsitive) ot these three is that of the submergence of

the old eroded granite land surface, upon which the Plantagenet

marine beds rest. As those beds now form a wide-spread plain of

marine sedimentation, the ocean, on the displacement referred to,

must have stretched as far north as the Stirling Range, and also

to the east and west of /Vlbany, the eastward extension covering
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many miles. The Plantagenet beds near Albany rise to a height of

170 to 200 feet or more al)ove sea-level, but their maximum thick-

ness is not known. The depth of the I^lantagenet Sea has not been
determined, but as the present hills and ridges of granite rise high

aljove the existing plain of marine sedimentation—and were thus

not submerged—and the organisms contained in the strata do not

appear to be of very dccp-waler origin, the depth of the sea was
probalily not more than a few hundred feet. The summits of the

old granite hills and ridges would thus at that time have formed
a grou]) of islands and islets, at no great distance from the coast,

being in this res])ect a close counter-part to the present Recherche

Archipelago, some distance to the east of Albany. There is also

no evidence at i)resent available to <letermine the height of the old

land surface i)rior to submergence.

The secoml displacement was a negative one, the old sea-bed

in the neighbourhood of Albany attaining a height of more than

200 feet above sea-level. 'I’his fact is indicated by the present

height of the i)lain of marine sedimentation, which however, docs

not measure more than a minimum amount of disi)lacement, as a

])ositive movement has since taken i)Iace. Hetween the time of

the latter and the negative displacement, the land must have

occui)ied a much greater area than at jiresent. Judging l)y the

channels forming the various entrances to King George’s Sound,

the land probably extended at least as far cast and south as these

entrances, and perhaps also considerably to the south of the present

ocean coast line west of P*ald Head.

The third dis])lacement was the i)ositive movement just re-

ferred to. which resulted in the drowning of the lower end of

the old Kii:g-Kalgan River, and the formation of Oyster and

Princess Royal Harbours and King George’s Sound (the latter

two ])ossibly however, forming at first portion of a strait extending

to the prcsein 'I’orljay Inlet). These points \\ill be later discussed

and the evidence stated to show that on this dis])]acement. the sea

covered somewhat more land than at i)resent. To the north of

Alba’iv the depth of the sea caused by this nuwement might only

have been a comi)arat ively few feet (as the partially drowned

valleys of the imcsent King and Kalgan Rivers have not very deeiJ

water), but if the obi land extended eastward from Limestone

Head, in the latter locality, assuming no change in depth has since

taken place, it would be nume than IftO feet, as the sea there is

now a greater depth than this. It is quite possible that the *b)

fathom liiic was about the boundary of the old land.

There may have been a later negative mo\ ement, but the

writers are not aware of any definite evidence as to this, although

it has been noticed in many ])arts of the Australian coast. If how-

ever. it is taking ])lace. it will hasten the reclamation of the land.
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THE DHOWNEI) VALLEYS AND PLAINS,

1'hat the land has l)een com])arative]y recently submerged (the

third displacement above described) is at once suggested by the

huge rounded masses of granite that rise boldly from the sea; by

the irregular nature of much of the coast line; In the various sea

channels: and by the full ap])carance of the rivers.

Amongst the granite outcrops are the islands known as

Breaksea. Michaelmas. Mistaken and Seal. These are either at

the entrance to or within King (jcorge's Sound. On the mainland,

the high and slee{) hills known as Mounts Melville, Clarence and

Adelaide, rise sharply from the sea. and the same remark applies

to the granite mass opposite Knm Point at the mouth of Oyster

Harbour. Limestone Head at the southern entrance to King
George’s Sound also shows a bold outline. It evidently consists of

granite, coated with coastal limestone.

The irregular nature of much of the coast line is shown by

the large harbours frequently referred to in this paper, as well

as by the smaller indentations to the cast and to the west.

The various sea channels include the channel between Eclipse

Island and the mainland, the three entrances to King George’s

Sound, and the entrances to Princess Royal and Oyster Harbours.

The former harbour { Princess Royal) originally apparently had

three entrances, but the two southern ones have disappeared, owing

to causes which are subsequently stated.

The peculiar full appearance so indicative of drowned valleys

is very well shown in the lower i^ortions of both the King and the

Kalgan Rivers, the valleys of these streams in such portions con-

taining far more water than they would if they acted merely as

drainage channels for the ordinary rain waters falling within their

respective basins. ( PI. II.. Figs. 1 and 2).

These facts are therefore taken to be conclusive evidence of

the recent drowning of the lower ])ortions of the valleys and of

the plains on which the rivers formerly meandered. Thus the

King and Kalgan Rivers were, prior to this drowning, united below

their present mouths into one stream, which made its way over the

land now covered by the waters of Oyster Ilarhour and King
George’s Sound, and api)arcnlly ])assed through the notch that now
forms the south channel of the Sound. By this submergence the

rivers were betrunked and the three large harbours (Oyster. Prin-

cess Royal, and King George’s Sound) were brought into existence,

with probably however, at first an extension of the sea through

to Torbay Inlet, with the long east and west Darwin Ridge as ai.

island. Since drowning, various changes have taken place which

have reduced the sea area, as will be shown in a later section.

It may be noted that three channels form the entrances to King
George’s Sound, and three channels (having the same east and
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west direction as. hut narrower than those of the vSound)*
,
appar-

ently formerly existed as the entrances to Princess Royal Har-
bour.^* So far as the Sound channels arc concerned, we have

sug'gestcd above that the old united King-Kalian River probably

passed through the south channel, and thus the latter becomes
intelligilde. but the origin of the Princess Royal channels is not

clear, as no present stream can be suggested as having occupied

any one of those channels prior to submergence.

Both on the mainland and island coasts of the harbours, cliffs

appear to have been little cut by the sea, thus ap])arently emphasising

the comparatively recent drowning of the land: but in this con-

nexion. it must he remembered that the mode of weathering of the

granite into rounded masses by exfoliation, would tend to keep the

cliffs relatively lou by the constant slipping into the sea of the

large onion-like Ikikes of rocks above the sea-cut clilYs, thereby

reducing the height of the latter.

On the ocean coast Itetween Bald Head and Torbay Inlet, the

cliffs are high and steep, and the coast line, despite certain promon-

tories of granite, is on the whole very regular and unindented,

suggesting strongly that marine abrasion has been at work for a

considerable peirod of time. The nature and structure of the rocks

must however, as regards this point, he taken into consideration.

As already indicated, the surface rocks of the Darwin Ridge are

the cjasta. limestones, plastering and covering over, as con.solidateH

sand dunes, the old granite. The action of the wind in building

up sand dimes along a coast almost invariably smooths the outline

jf that coast, and hence it may be concluded that the present form

of the coast in question is due to this cause. 'I'his land must how-

ever, in the alisence of direct evidence to the contrary, be regarded

as having taken part in the depression which caused the drowning

of the valleys and plains, and consequently the coast line must

have extended farther south. This raises the question as to when

the sands which now form the limestone were built up. If we regard

them (and therefore the resulting limestone) as of later occur-

rence than the drowning of the valleys, that is a sufficient explana-

tion of the present contour of the coast: hut the limestone, as

Hmesione. although it is still forming as shown above, certainly

appears for the most part to l)e older than the loose sands which

form the various bars aliout the large harbours, and which rc])resent

tlic deposits since the last known submergence. The formation

in large part of the limestone may therefore probably he regarded

as i)rior to such submergence, although the point cannot at present

*In acldition to the «^reement in number and direciion between the two

sets of channels, the most southerly of the three is in each case, the widest.

**The causes of the disappearance of two of these channels are later

stated.
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be definitely proved. On this hypothesis, the coast has probably

sustained considerable marine abrasion, which largely accounts for

its present even outline, such abrasion being assisted by the great

strength of the waves on this outer exposed coast, and the absence

of any protecting sand bars.

jaULUIXU OF SAXl) liAKS AVU TIIF, OUOWTII OF THE LAND

SIX(’E I’TTE I.ATEST SUHMFEOEXl'E.

That sand bars have been extensively l)nilt in various places, is

evident on a very casual examination, and likewise that, largely

owing to such Inulding, the sea has been silted up into land, with

the formation of temporary lagoons and lakes, and the tying of

islands to the mainland and to one another.

An excellent example of a long sand bar is the well-known

-Aliddletou Ileach, at the north-western end of King (leorge’s Sound.

This beach is about three miles long, and stretches north-easterly

from Mr. .\delaide to Emu Point. The sea was originally about

a mile farther west, stretching soulh-Avestwards from Bayonet

Head to Strawberry Hill, and thence south-eastwards to Mt.

Adelaide; l)Ut the intermediate area, owing to the exceptional facili-

ties provided by the sand bar, has now almost all silted up, although

still swampy and ])ossessing one main sheet of water, Lake

Sep]}ings. The hnilding of the Middleton bar has reduced the

month of Oyster Harbour to its ])resent narrow dimensions, and by

such reduction, the silting up of the bay just mentioned has been

much facilitated. It is the formation of this bar that has caused

the Middleton Beach to be such an excellent bathing spot.

Other sand bars—behind which are swamps and lagoons—have

been recently built to the east of Albany.
,

An illustration of the building of the particular form of sand

bar known as a “toinbolo,” which results in the tying of islands, is

shown in the narrow peninsula running north from Frenchman

Bay to the entrance of Princess Koval Harbour. This strip of

land consists of two low sandy areas, connecting two higher belts

of granite with the main mass of the latter to the south. On the

King George’s Sound side, the sandy portions arc bounded l)y low

cliffs of sand, whilst on the Princess Royal Harbour side the sand

slopes gently to the sea. The difference is due partly to the

rougher sea of the outer harbour compared with that of the inner,

the former tending to build the sand into banks, and partly to the

action of the wind in blowing the sand over into the smoother water

of the inner harbour. The granite hills of the i->eninsula arc appar-

ently old islands now tied to one another and to the southern main-

land by the sand bars just mentioned. The result has been to

reduce the number of entrances to the Princess Royal PTarbour

from three to one. and to give greater play to that bay for silting

up. The acceleration of the latter will be understood when it is
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noted that the present entrance is but a little over a quarter of a

mile wide, while the more southerly of the two old channels was
over a mile in width.

If, as seems probable, the sea on the latest submergence
stretched as a strait from King George’s Sound to Torbay Inlet

w ith Darwin Ridge as an island, such strait ( W'hich might for con-
venience he referred to as the “Grassmere Strait”) has since been
largely silted up, and has now become tlie Grassmere Valley, with
the lakes, such as Grassmere or Lake Powell and others, as tem-
porary phases in the growth of the land. The conversion of w'ater

into dry land has been considerably assisted in this area by the for-

mation in the beds of fresh water lakes of thick deposits of diatom
frustules. By this means Grassmere has been plainly reduced to

one half its earlier extent, wdiat was formerly the southern half of
the lake being now' occupied by a dry bed of diatomaceous earth at

least six feet thick.

None of the three channels forming the entrance to King
George's Sound has yet been converted into dry land, but the
Admiralty charts show that there is a shallowing of the channel
( the North Channel) betw’een the mainland and Michaelmas Island,

which if continued wall result in the tying of the island to the

mainland.

The mouths of Oyster and Princess Royal Harbours still

remain open. In the former case, the flow of water from the

King and Kalgan Rivers, together wdth the tide, may be responsible

Tor this, but in the latter case, although the tide probaltly has some
influence, dredging has to be continuously ])ractise(i to keep an open
waterway of the necessary depth.

One of the general results of the building of the sand bars is

to facilitate silting and consequently to rapidly increase the area of

land reclaimed from the sea. the materials forming the new land

being the detritus brottght down by the rivers and creeks and the

sands carried by tides, currents or wdnds into the silting area. As
this silting up jirogrcsses, and assuming no deformation. Oyster
Harbour, amongst other changes, will disappear, and its place will

be taken by low swampy lan<], through wdiich the King and Kalgan
Rivers will meander, but as one river, the two having become en-

grafted by the reclamation of the land.

Another result is the smoothing of the coast line which lies to

the cast of Albany, where immediately following the latest submer-
gence, the coast was more broken and irregular than the present

one.

By the process of natural reclamation here outlined, swampv
land is formed, which on being drained, is well suited to the grow'th

of various agricultural products.



GENERAL ROCK WEATHERING.

Some brief remarks may be made on this point. The principal

hard rocks of the district are the granite and the coastal limestone.

They present a clear contrast, the former being carved into ronnded

forms, and the latter into serrated ridges and sharp points.

The effect of the spheroidal ^\eathering of the granite on a

great scale as tending to keep the marine-ciit cliffs low, has been

noticed above. Another point is that these spheroidal coats slip at

times from higher to lower levels on the land, and so form land-

slips of which abundant evidence exists at All)any. These land-

slips cause a danger that must be safeguar<led against as residences

encroach on to the higher portion of Ml. Clarence. The vegetation

is of course removed with the rock mass on a landslip, leaving

a bare and frequejitly steep surface. Rain falling upon this sur-

face, washes away the soil and debris as fast as formed, and thus

many of the granite slopes arc destitute of plant life. A striking

instance of this feature is the bald, smooth mass of granite forming

the southern end of Mt. Melville.

The general weathering of the granite is also influenced by the

numerous basic dykes of two distinct types, by the pegmatite veins,

and by the very marked variations in texture and composition of

the granite itself.

The sharp and serrated mode of weathering of the coastal

limestone has been already referred to. On the ocean side between

Skull Head and Cave Point, the limestone has a high dip toward

the sea. This assists the slipping of the rocks from the cliff face,

when the latter is undermined by marine abrasion.

In connection with the weathering of the coastal limestone,

reference may here he made to the fine examples of casts of roots,

stems, and branches of shrubs and trees in carbonate of lime dis-

solved out of the limestone, vide Plate TIL, Figs. 1 and

2. Apart from its own intrinsic interest, this ])henomenon will

always possess a great historic value to Australian natural history

students, by reason of Charles Darwin having very fully described

it. To that admirable account nothing need be here added.

OTHER FEAT I RES.

'I'he Albany district is rich in physiographic interest. Reside

the phenomena describe<l in this paper, there are possible wave-cut

terraces, various plains of erosion (indicated by the granite masses

at various levels) and residuals on such plains. 'Phe writers have

however, not sufficient evidence to justify at present any account

of these interesting occurrences.

SrMMART.

The Albany district possesses a much indented coast line with

precipitous cliffs of granite and less frequently of limestone, both



on the islands and mainland, alternating with smooth sandy

beaches. 'The land features arc diversified, the various forms

comprising prominent hills and ridges, a low somewhat dissected

plateau of marine sediments, a high coastal ridge of granite partly

covered with the coastal limestone, and low swampy ground at the

heads of the harbours and l)ehind the recent sand bars. The j)ic-

turesque King and Kalgan Rivers are the two main streams of

the area, the other streams being small and comparatively insigni-

ficant.

A study of the geology reveals granite as the fundamental

rock iv-tersected by pegmatite veins and dolerite and basaltic dykes.

In the eroded hollows of the granite lie an extensive series of

marine beds known as the Idantagenet beds (which are ])robably of

Miocene age); and aUnig the ocean coast, old sand dunes which

originally spread over the old granite ridge there have been largely

consolidated to form the coastal limestone. The most recent

deposits inchidc the superficial fluviatile and lacustrine silts, sands

and infusorial earths, together with the sands of the various sand

liars and of the ])resent-forming dunes.

At least three geologically recent displacements of the strand

line have taken place, the earliest of these being the submergence

following which the Plautageiiet marine beds were deposited. The
second resulted in the uplift of the land upon which the King and

Kalgan Rivers and other streams carved out their channels. The
third movement drowned the lower ends of the valleys and the

adjacent land. /ks a result of this movement the sea may have

extended as a strait from King George’s Sound to Torbay Inlet.

Since the last definitely known (positive) movement, land has

been naturally reclaimed from the sea by silting up, the latter

being hastened by the formation of lines of sand bars. The most

l)rominent of these liars is that which has produced Middleton

Beach. By such silting and building of bars, some old islands have

been tied to the mainland

The granite weathers into jirominent rounded masses, and the

coastal limestone into serrated ridges. Landslips occur on the

granite hills.

The writers are indelited to their colleague, Mr. H. P. Wood-

ward for various information relating to the Albany district.
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Photo E.S.S. Fig. I.

Kalgan River, showing effect of recent partial submergence of the
valley of a small stream.

Photo E.S.S. Fig. 2.

King R:ver, showing eftect of recent partial submergence of the vallev
(»f a small vSlream.
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Photo J.T.J. Fig. I.

Weathering of coastal limesione wiili calcified roots, Sand Patch,

South (-f Princess Royal Harbour.

Photo J.T.J. Fig. 2.

Calcified roots in sand dune, exposed by wind erosion. Sand
Patch, south of I’rincess Royal Harbour.
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Photo E.S.S, Fig. I.

Green Island (granite), and granite foundatians to coastal limestone
cliffs, Cave Point.

Photo E.S.S. Fig. 2.

Oyster Harbour. A Hrowned plain, showing granite outcrop on eastern
side and end of sand bar on western side.



:2.

>

a
>
•5

c
'JV

'T\

2
2
m
r"
03

O
C
X)
-2.

m



Roy Soc., W.A. VOL. II., [’I.ATK V.

Photo E.S.S. Fig. I.

Steep coastal limestone cliffs on ocean, South of Grassmere.



?
M
Cl

P
5
C

r~

z
2
rri

'33

a
c
c



59

T HE SIGNIFICANCE OF SOME PHYSIOGRAPHICAL
CHARACTERISTICS OF WESTERN AUSTRALIA.

A. Montgomery, M.A., F.G.S.

(Read 9th May, and 13th June, 1916).

With a Map, Plate VI.

In trav^elling through the Central and Eastern Goldfields

regions of this State, a geological observer cannot fail to become
impressed with the constant recurrence throughout them of a quite

limited number of physiographical types of land-sculpture, which

are repeated over huge areas in endless variations of size and shape,

but with constant and remarkable identity of the essential similari-

ties which constitute a tyj)e. It is obvious from this identity that

like causes have been operating in like manner over very wide-

spread regions to produce like effects, and it follows from this that

a proper interi)rctation of the physiographical evidence is likely to

give important results in explaining the more recent geological

history of the State. Cntil lately, the subject of the physi{>graphy

of Western Australia had been dealt with only very briefly by

writers on its geology, and usually only casually in connection with

descriptions f)f ])articular localities, without any attempt, as a rule,

to put forward any general account of the geomorphology of the

State as a whole. In 1914, however, this absence of systematic

description w’as greatly remedied by the publication of Geological

Survey Bulletin No. 61. which the author, Mr. J. T. Jutson, very

modestly calls “An Outline of the Physiographical Geology ( Physio-

graphy) of Western Australia.” but which well merits a more am-
bitious title which would be suggestive of the wealth of information

therein contained. In his Part V. Chapter 1, he gives a synojisis of

the opinions of previous writers on the origin and age of what he

terms the Great IMateau of Western Australia, and in Part I. (p.

20), he records his own view of the matter as follows;

—

“As regards the origin of the Great Plateau, the areas of

exterior drainage are regarded by the writer as uplifted peneplains,

but concerning that portion of the Great Plateau situated in the

interior, he is somewhat uncertain whether to classify it as an up-

lifted peneplain, or an uplifted plain of arid erosion, hut. as shown
later, inclines to the idea of a vast peneplain, since iqilifted to

its present height.” Among the opinions of jirevious writers cited
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by ^Ir. Jutson, it may be useful in the present connection to recall

that F. T. Gregory (1S(U) believed "that since Tertiary time the
country has been both elevated and depressed, more than once per-
haps. but bodily and equably and wiihout tilting,” that F. T. Hard-
man ( ISSl ) states that in the ranges in the South-Western portion
cf the Kimberley district, "the plateau-like outline is extremely
well-marked, indicating an old plain of marine denudation subse-
quently carved out into hills and valleys by the action of sub-aerial
denudation": that I'rof. Ralph Tate (iSlPi) pointed out that Aus-
tralia in Cretaceous time was a vast archipelago, and that the anti-
quity of Australia as a whole is only post-Cretaceous; that Prof.
\\^ Gregory

(
l!l(C) held that since middle Palaeozoic times no great

earth-folds have disturbed the structure of the Australian mass,
and all the later movements on tlac continent appear to have been
the vertical sinkings of ^vide earth blocks: that Prof. T. W. E.
David in PHI refers to the vast peneplains of Western Australia as
being raise<l lOOli to idOO feet above sea-level; and that Mr. Jutson
himself in 11)12 describe<l the Darling pkd^u as a truly uplifted

peneplain, and the date of the uplift as Pleistocene. It has
been very generally recognise<b therefore, that there has been much
up and down movement of the State as a whole, though opinions
differ a good deal as to the extent to which the movements of

subsidence actually resulted in submergence t)f the land beneath the

sea. Prof. Gregory, for exam])le, appears to hold that the greater
part of Western Australia "consists of an Archaean block or coign,

which has never been below the level of the sea, although time
after time the sea has washed its l)orders.”

Since Mr. jutson's book was issued there has been a further

paper by I'rof. Gregory, published in "dTe Geogratihical Journal”
for June. 11)14, on "'fhe Lake System of WTstralia," in which a

map is given showing the country divided into a number of very
flat drainage basins, gradtiall} rising to high country over
feet above the sea in the interior. IP's summation of the position

is:
—"The dry lakes ot Westralia aia* therefore dei)ressions in a

river system which was ])robabIy Miocene in origin: these rivers

have been biajken up by their inability to kee]) their channels clear

from encroaching sand dunes during the post-Miocene desiccation,

which may be ex])lained by a reduction of internal rainfall coinci-

dent nith the iq)lift of the country for about H)()0 feet." Ivlse-

where in the paper he refers to the suggestion of the present writer

that the salt lakes might be the remains of a marine invasion, and
regards it as possibU-. as proved by the marine limestones at Norse-
man. but considers it improbable owing to the varying levels of the

lakes and the absence of marine fossils north of Norseman. 'Phe

writer is not at all im])ressed with these reasons for regarding a

widespread marine invasion as imi)robable, as the varying levels of

the lakes would be a perfectly natural and obvious consequence of

the gradual emergence from the sea of a submerged i)eneplain, and



the absence of fossils is very inconclusive because, as it happens,
fossils are equally absent over the country to the south of Norse-
man also. So far as is yet known this single locality contains all

the recent marine fossil evidence available, yet while it is admitted
that the presence of marine shells at a height of about bOO feet

above sea levels, is ])roof that the land was submerged under the
sea to that depth, their absence at higher levels is apparently to be
held to prove that they were laid down at the limit of the submer-
gerice. The only fair deduction from the facts is that the destruc-

tion of fossil evidence of the presence of the sea has been extra-

ordinarily complete, and we appear to have been fortunate in hav-
ing the Norseman beds preserved at all to prove that there was a
marine invasion.

During many journeys through the Goldfields districts the

writer has become more and more impressed with the belief that

there is much physiographical evidence to show that the main
features of the surface relief in the goldfields areas owe their final

shape prindiially to marine action, and that subsequent subaerial

erosion has been able to do very little more than slightly modify the

shape of the country as it was left l)y the receding waters. Also
that this eviilencc of marine action may be found up to at least

the 2000 feet level. It has been pointed out by the Government
Geologist. Mr. Maitland, in his latest sketch of the geology of the

State, written for the Australian visit of the British Association

in 1914 ( Geological Survey Bulletin No. fit ), that "By far the

greater portion of the State is in reality a very extensive plateau,

averaging about I,-t00 feet in height, though isolated ]>ortions reach
altitudes aiqiroaching 4000 feet." Mr. Jutsoii gives a map in Bul-

letin fil, showing the elevations of the portion of the State south of

the tropic of Cajiricorn, which shows a very small portion over
2000 feet in height, and a consirlerahle area between 1500 and 2000
feet, hut the great bulk of the region under 1500 feet. If, there-

fore the sea reached to the ])resent 2000 feet level, all the land

above water south of the tro])ics would be parts of the Stirling

Ranges in the south, and a large island and several smaller ones in

the northern i)art of the Murchison, ftast Murchison and Mt.
Margaret Goldfields. It is the object of this paper to discuss the

physiographical evidence and show how it sustains and corrobo-
rates the marine theory.

Inhere is usually a very great similarity in the scenery of our
Eastern and Central Goldfields. Everywhere we find great plains,

often extraordinarily evenly level over large areas, with low
rounded hills or groiqjs of hills rising from them with very gentle

slopes. A steep slope is rather an excei)tion, though many such
are to be found without difficulty. Rather frequently, when the

rock com])osing the hills is a hard one ca])ablc of resisting erosion,

as in the case of the well-known "jas])er-hars," it stands out in
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rough well-marked ridges, which follow the lines of strike of the

hard rock. Where the hills are composed of dense and little-

jointed intrusive rocks they usually take large rounded outlines,

forming distinct and often somewhat prominent hills, but those
formed of the more schistose and jointed rocks commonly show
less relief and much less curved contours. The hills formed by
granite are of very distinctive appearance, being usually bare, bald

surfaces of hard rock, protruding from the surrounding plains.

These liarc surfaces are commonly more or less pitted with shal-

low small solution basins in which water collects during rains.

The granite protuberances very often strongly remind one of rocks
and islands standing up out of a sea, and along the south coast

east of Albany, we may see exactly the same type of protruding
granite rocks in the numerous islands which there are seen stand-

ing quite similarly out of the actual sea. The similarity of

scenic type is so exact as strongly to suggest identity of the

sculpturing agencies.

W'here the rising ground occupies a considerable area it

frequently happens that smaller plains are found on the hills at

various levels, so that an observer, in passing through a hilly

region, frequently travels most of the way over very Hat surfaces,

with little elevated country in sight, although on the whole the

surface is a good tleal higher than the surrounding main plains,

and from a <listance apjiears to form a distinct “range.” The
“Black Rang-e" for example on being approached from the west

side is seen for many mile.s away as a distinct high ridge, but plain

after plain is crossed in getting to it without having almost any

perceptible rising of the road, until one finds oneself travelling

—still on fiats—over the top of the high country. This characteris-

tic of the larger masses of high land is so usual as to be fairly

rcgardable as normal. Another good exanqile is seen on the road

from Meekalharra to Peak Hill. 'I'he Rolniison Range, on which

Peak Hill stands, is seen from the ifiains to the south of it as a

high bine range. l>nt one rises so gradually on to it, over plains

wth very gentle slopes connecting them, that the top of the ridge

is reached without having encountered any very ]ierceptible

acclivity. And the top when reached is itself more or less a num-
ber of small plains sei)arated by low-lying riclgcs of higher ground,

and with IRxik Hill and another similar conical point of hard

((iiartzitic rock standing u\) like i)_vramids from the plains. Peak

Hill itself, it may be mentioned, is a very small affair, little more
than a large natural cairn formed by the outcrop of a belt of hard

(piarizite and the laliis therefrom. (A) the fiat at its foot, in the

o])en cut workings of the l*eak Hill mine, the surface of the ground

is seen to consist of a ferruginous conglomerate of stones and

coarse gravel, many of the stones of which are well rounded,

showing them to have been worn smooth l)y attrition in moving
water. This is not at all a unique occurrence, for there is quite
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distinct “deep lead" ground at Nunngarra on the Black Range,

which shows water worn gravels in places, and distinctly water

worn boulders are visible on the “Big Patch" at Ouinns, high up

on Nowthanna Hill. At Quinn’s also there is a distinct well-

rounded brown iron ore conglomerate, apparently not concretion-

ary, near the saddle on the road to Burnakura over the hill, which

seems to be a cemented gravel and not a pisolitic deposit. Both at

Peak Hill and at Quinn's, however* there is a possibility that

these water rolled stones may belong to formerly existing basal

])eds of the Nullagine series, the bulk of which have been entirely

removed by erosion, except for these relics, so too much reliance

cannot be placed on them alone as evidence of these high plains

having been recently subject to the action of moving water. The

writer has noticed on many occasions nevertheless, that rounded

and subrounded stones—not demonstrably waterworn as a rule

however—appear to be much more common on the higher slopes

of ridges standing well up out of the plains than in the latter and

along the lower skirts of the hills. A good example is seen on the

road from Leonora to Lawlers, a few miles south of Dioritc King,

where the road crosses over a hill of some height. Here rounded

stones and boulders—which may however be merely weatherworn

and not waterworn—are fairly common on the higher slopes of

the hill, but wanting as one gets down on to the plains on each

side. Mention may also be made of a very distinct bank of

well rounded coarse conglomerate near Wiluna, well up on the

ridge near the State Battery, which is unequivocally a coarse

gravel deposit. Professor Gregory has alluded to the writer’s

mention of this gravel liank, but the description given by him

seems to ap])ly to a quite different locality and shows that he

could not have seen the same section as was referred to. Wiluna,

however, is very close to the southern edge of the Nullagine beds,

and there is just a possibility that this gravel bank also may be a

relic of these, though it is not very likely.

A point on which some stress must be laid is that the plains

are found at all elevations up to about the level of Peak Hill

(loop feet). They usually merge one into another with a gener-

ally very gentle southerly or westerly slope forming the very Hat

basins to which Professor Gregory has drawn attention, gradually

dipping towards the coa.st. The average gradient is extremely

flat: for example the difference in level between Lake Way ( 20oP

feet) an<l Lake Lefroy (
1050 feet) is 0*^0 feet, but they are about

:1L^0 miles apart, giving an average grade between them of only

1 in 1724. This extreme flatness of the grade of the main central

drainage basin has to be borne in mind in considering how it

may have been brought about, as it is not easy to get a convincing

exi>lanation of it by reference solely to snbaerial erosion.

The low relative height and usually very thoroughly rounded

shapes of the hills in the Central and Ifastern Goldfields districts
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indicate a very advanced stage of erosion of what doubtless were
once much higher and more important hills. Very little more and
the hills would he cut down entirely to one great peneplain. This

form of level surface characteristically results from long-continued

sub-aerial erosion, and its occurrence is therefore to some extent

prima facie evidence tliat the land has been for a very long time

subjected to the subaerial agencies which would bring about such

features. It may fairly be submitted, however, that if a land

surface in such or afiproaching such a mature stage of ]danation

were to subside below sea-level to such an extent as to bring the

sea over the greater i)art of it. and were again to be elevated well

above the sea level, the effects of the original merely subaerial

planation would be greatly accentuated by marine erosion during

the periods in which the surface was in process of being submerged
and raised again.

While the low hummocky type of hills surrounded by plains

is characteristic of the lower ground, there is a very marked
change in the type of land scul])ture when we get into some of the

higher country. One of the best examples seen in the Frazer

Range to the west of Rcak Hill. Here wo suddenly find ourselves

in the t)resence of a hill-sculpture of a type quite unlike the hills

previously described. Instead of low rounded hills there are

rough ragged peaks with their sides deeply fui rowed into hard

sharp-edged outstanding ridges and deep rough ravines, and giving

jagged pointed outlines from all aspects, d'he type is that of an

outstanding rock-mas.s deeply <lissected by storm-water erosion.

I'kit at the foot of it, at the Mount Fraser mine, the a])proach is

over wonderfully level plains running against the hills exactly as

one sees sea-beaches form against a rugged hilly shore. A short

distance out on the plain a well has been sunk to a depth ot ab'rat

140 feet, passing through alluvial material containing much small

gravel, fairly rounded, of river type, showing that the flat has a

buried valley in it. The existing flat carries one of the numerous
branches of the Murchison River, seen as a running stream only

after heavy rains. Between the well ami the Mount Fraser mine

the track jiasses over one of the most striking geological curiosities

it has been the writer’s fortune to observe. The bedrock is a

hard jirismatically jointed greenstone, the surface of which is

often quite bare of soil for yards at a time. In one or two places

noticed, the bare rock surface was seen to be cut to a quite even

plane, forming a smooth floor to which the joints gave the ajiiiear-

ance of a mosaic pavement, the prismatic columns being there

rarely as much as an inch across. It is difficult to believe that

wind could have ])laned such a hard rock to an even surface,

though the occurrence is quite com])rehensible if regarded as

formed by l)each erosion. .\t this place also the resemblance of

the edge of the ]jlain to a beach is most marked; it is quite level

and runs in and out among the rocky spurs meeting it in the most
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regular manner at one level, forming inlets, bays, and every feature

seen on a beach, Tt must be said, however, that no beach gravels

were seen at this point.

At the Horseshoe some 17 miles northward from Peak Hill

there arc extensive deposits of gravel, not nearly so thoroughly

waterwern as is usual on a sea beach, however, along the foot of

the Horseshoe mountain, which are well seen where they have

been worked for alluvial gold. These gravels maintain ap])roxi-

mately the same level for seune distance along the flank of the

range, and lie at a much stee])er angle of slope than is maintaince

into the plain alongside, which soon l)ecomes ]jraclically level.

They appear to be a talus from the slopes of the hill, roughly

sorted along a horizontal line hy the action of water, hut not sub-

jected to very violent or long continued abrasion. All the way
from Peak Hill to the Horseshoe, the beach-like contact of the

])lains with the hills is very well-marked. At the ‘'Breakaways,"

about 12 miles from Peak Hill, the road leaves the t)lain over
which it has l)een travelling and turns as if about to run u]) on the

higher ground apparently, but is soon found to continue on a striji

of the plain running l)ctwcen an island of higher ground and the

mainland. The higher ground is cut to steej) escarpments ( “break- ^

aways"). which usually have but little talus at the foot of them. '

and curve off at the foot of the cliffs in quite characteristically ‘

beach fashion. 1’he level of the plain is ]jerfectly ])reserved all

round the foot of the clilTs, very sinuous tlujugh its outline is. and '

round the islands. The conclusion seemed quite irresistible that
|

here we had a beach cut by a body of water occupying what is no\» \

the plain.

Reverting, however, to the hills at Mt. I'rascr above the l)each
;

line, it is to be noted that we no longer get the hummocky rounded »;

outlines so usual in the hills at lower levels, but a quite distinct j

ty])e. that resulting from well advanced erosion still in the most 1

active stage. The Horseshoe Range and the high peaky country .

towards Mt. Ivgerton show the same type persisting in the highest

ground, with the lower hills, as at the Mt. iygerton goldfield, worn
down to battened slumps which may very ])ossibly owe their final

i

shape to having been completely submerged. The Nullagiiie beds

are here again, however, visible in the near vicinity, and it is quite

possible that the erosion which cut dowm the old rocks to such
fi.attened stumps was prc-Nullaginc in point of time, and that they ^

been merely uncovered again bv subsequent erosive action.* :

l'

The same very shar]) contrast between the types of sculpture !

of the hills in the lower and higher country is seen very niarkedlv

in the Pilbara goldfield. The high moinUainons coimtrv between
t

^
^

ii
* A later visit to the Upper Gascoyne Di'Jirict has le i me to think t^at !

'

the rocks at Mt. Egrrton, taken to be pre-Nullagine, may belong to tlie
j

-

Nullagine series.—A.M.
,

(
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^Marble Bar and Lalla Rookh stands out like a rugged island from

the smoothly-worn plains surrounding it, and the edges of the

plains lying against the high land all round maintain a strong-

general likeness to beaches. d'he hills themselves are peaked,

furrowed, and jagged, the peaks often being cap])cd with nearly

horizontal strata of the Nullagine beds, showing the mass to be a

deeply dissected old ])lateau, 'I'he Wodgina range also stands out

from the plains as a similar rough high hill, deeply furrowed.

The high rough range at VVarravvoona presents quite a similar

contrast to the ])lain country on each side of it, the latter being in

the last stages of peneplanation, while in the ridges storm-water

erosion is still very active.

In the south of the State, the Stirling and Eyre Ranges show

the same feature, rising in rugged rocky ])eaks from surrounding

country in an advanced stage of ])lanation, quite similarly a.s the

rocky islets on the south coast rise out of the surrounding sea.

Jt is clear that there must be some physiographical explanation of

the marked difference in the character of the rugged i)eaks as com-

pared with the well-rounded hummocky country and plains round

about them. Petrological differences have no doubt had a great

deal to do with the tiuestion, the outstanding island-like heights of

Wodgina, Lalla Rookh, and Warrawooiia being mostly com])osed

of very old nietamor])hic and igneous schistose rocks, while the sur-

rounding plains arc mostly granite, and the Stirling and Eyre

Ranges are likewise composed of old sedimentary rocks surrounded

by granite. In both the Pilbara and Stirling regions however, the

rocks which form the high hills are themselves often cut down
round the skirts of these hills quite equally with the granite, and

are thus found extending some distance into the surrounding plains,

as is also the case at the Rolnnson Range. It would seem most

I)robable therefore that though these high lands stand out princi-

Ijally through their resistance to weathering in the first instance

l)eing greater than that of the granites round them, they have

suffered erosi(jii round their l)ases to the same a])]-)roximate level

as the granite round about them owing to the action of an erosive

force acting on both without discrimination. 'Fhc only such force

comi)etent to produce the effect as we now find it seems to the

writer to be marine erosion, and it is therefore believed that these

island-like hills were really islands with the waves acting round

them to reduce the lower country to one approximate level.

'I'he toi)ography of the country crossed over in travelling from

Port Medland to .Marble Par is very instructive. After crossing a

small strip of superficial limestone right at the coast, the road

runs almost level for tniles over sandy ])lains. which gradually are

found to have a coating of soil—usually very shallow—upon a

I)laned-down surface of granite bed-rock. After a time occasional

low ridges of granite and small hills of granite are encountered,

hut the i)lain is seen to run round these and to go on inland con-
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tinuously. It is slowly rising all the time, but at a grade imper-

ceptible in travelling. In 81.) miles from Port Hedland to Coongan,

the rise is !<.)() feet, or an average grade of only 1 in IJoT. or 4^

feet per mile. As we go inland the isolated ridges and small peaks

of granite become larger and more common, but the plain runs

continuously round them as before, until it strikes against the sides

of the main island-like mass of hills lying between Marble Bar and

Lalla Rookh. Many of the more prominent granite hills rise quite

steeply from the plain, often with a talus of large rocks at their

base, exactly resembling graiute islands off the coast. From a high

hill the general appearance of the plain being a sea and the hills

islands rising from it is most striking. The plain sweeps away to

the north of the main island, well to the east of the Coongan
River, and through the Dooleiia Gorge an easy way opens into the

hills and enables us to reach Marble Bar (railway level COd feet).

To the south of the island the jdain sweet)S round continuously,

nroken by projecting ridges running out from the main mass of

hills, by separate islands like the Wodgina Range, and by high

black doleritic ridges, to Corunna Downs, and v\ell on towards

Xullagine. Here it must be fully “<I0 feet above sea level, probably

more, but it is practically continuous right from the sea beach up

to this level. I'or the most part the bed rock appears to be quite

close to the surface, though doubtless there are many places where

the stqterficial material is of considerable depth—-usually, how-

ever, much less than BIO feet, as is shown by the numerous wells

—and we therefore see that the whole ol this huge peneplain may
be taken as cut fairly evenly from the solid granite rock. It is

very nodceable also that where the rock is bare at surface, and in

the outstanding 'slands and ridges, the granite generally is very

little weathered, hut on the contrary is fresh and hard. In this

it resembles the wave-swept granites on the coast, and numerous
granite bosses on the eastern goldfields, hut this condition is diffi-

cult to reconcile with any theory of purely snbaerial erosion,

whether by rain and river action, or by wind erosion—both of

which require softening of the rock by weathering before there is

much perceptible removal of material, d'hc features are exactly

those which would result if the country were to subside gradually

until the sea reached the vicinity of Xlullagine. and then rose again

to its present level The ]jlain is practically continuous from the

font of the high land inland to well out to sea from the coast, the

sea bottom continuing to shelve seawards iii continuation of the

plain. At Kicoll Bay near Roebourne, there is an inland extension

of the beach which is said to he only very rarely covered by the

sea. and which shows as a bare mud flat of great extent sloping

very gently seaward. At its inland margin there are some small

sandhills and then the mud flat continues iulatid on much the same
grade. The sandhills at the head of the bay, and the small

marginal cliffs where the beach sets in against the higher
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land surrounding it towards the sea entrance, mark a stage of rest

in the gradual retreat of the sea water, and are absolutely similar

to like sand hills and breakaways on the margin of many of the

inland lake basins.

But why, it will be asked, should we appeal to marine plana-

tion, when the jieneplain might possibly be explainable as due to

ordinary fluviatile i)lanation. There are several considerable rivers

traversing the plain, c.g., the Shaw, the Coongaii, the Dc Grey, the

Turner, the Sherlock, and the Yule. These all flow down across

the plain, and at times after heavy rains they carry large Hows of

water, and become wide powerful rivers, of great erosive cai)acity.

Such rivers arc well-known to be potent agents in reducing the

lower parts of their valleys to wide flood-plains, through which

they meander with fretpiently changing courses, here cutting down

into the bedrock, and there levelling U]) hollows by tilling them with

sediments. doubt there is a certain amount of this action in

the case of the rivers referred to, but in going through the district

it did not appear to the writer that there was much evidence of its

having been either extensive or long continued, certainly not to

the extent of being the main agency in reducing the country to its

l)resent stale of even planation. On the contrary most of the

rivers appeared to be cutting down their beds, having generally

fairly straight courses without meanders, and high banks on each

side of wide beds capable of carrying the floods without overflow-

ing on to the plains. Where the Shaw River was crossed near the

’Gorge” there seemed some appearance that the bed of the river

was excavated out of alluvial material altogether, giving some sup-

])ort to the hood-plain theory, but this might be equally well

explained on the marine planation theory by supposing that the

Shaw River debouching out of the mountainous country on to the

edge of the shallow sea would form a considerable ’’fan" or “delta”

of gravel, through which it would cut its way downwards as eleva-

tion of the land led later on to retirement of the coast-line. So

far as the writer's o])Servation of these rivers has extended, it

would a])pear to be an allowable generalisation to make that they

are all. from Bilbara southwards to the Murchison, engaged in

cutting their beds more deeply into the plains which they traverse,

and not in l)uilding (kxal plains. Conlining the instances to such

ws have been personally visited, this would apply to the rivers just

now mentioned, and to the Jones River, the Harding River at

Roebourne. the upiier feeders of the Ashburton and (jascoyne

Rivers crossed o]\ the route from Beak Hill to Nullagine. the

branch of the Gascoyne River seen between Beak Hill and i\!l.

Ivgerton. and the upper feeders of the Murchison River, seen on the

south side of the Robinson Range. I'urther south, in the gold-

fields districts, the streams are not usually traceable for great dis-

tance as recognisable watercourses, but at Boison Creek and Jones’s

Creek on the Leonora to Lawlers road, there are other good ex-
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aniples of streams cutting down into their beds rather than flooding

and building up ])lains. Where the Lawlers road crosses Poison

Creek, there is a distinct a])pearance of stratification in the ferru-

ginous grits seen in the sides of the creek bed. and something of the

sort has also been noticed in the bed of the (lascoyne (S.

Branch), near Mt. Ifgerton, and in that of the river on the track

from Ruby Well to Wiluna. At this stage, however, we may leave

the question of the formation of the sniiorficial material composing

the plains to be taken up later on when some other evidence bearing

upon it has been described an<l examined. The point of most im-

portance just at present is that the existing rivers arc cutting dowi-

into the plains and not l>uilding them up. Nevertheless, it is not

over-looked or forgotten that comparatively slight movements of

elevation and subsidence of the land as a whole may alter the grade

of rivers from time to time, so that at one lime they' tend to fiL'

their valleys with alluvial flood-plains and at another to cut down

through these deposits on to the bed-rock again. It is therefore

freely conceded that by itself no great signilicance should be at-

tached to the fact that the existing rivers are cutting into the plains

which they traverse, nor can their present ])hase of action be taken

to prove that they have not themselves formed these i)lains in the

first instance. It is when taken in connection with a number of

other considerations that their evidence should be regarded as cor-

roborating the marine i)lanati3n theory rather than that of river

erosion

r>efore leaving the subject of the existing rivers, however,

mention should be made of a feature of several of them which may
be of much significance in assisting us to trace the historical de-

velopment of the [jreseiit to])Ography, namely, the numerous ‘’gaps”

which are so noticeable in the N.W. districts. Many of these are

descril)ed in chai)ters 1 and 2 of part VI. of Mr. Jutson’s bulletin.

])reviously referred to, closely rescnil)ling one another in the

general feature that rivers are found breaking through ranges of

hills quite unexpectedly’, without any very visible reason why’ they’

should have been able to find an outlet through the high country

instead of going round it. following the i)resent low ground. If

the country on the up-river side of the hills were generally high,

we might understand that it has been formerly higher than the

hilly country traversed, and that the rivers have cut their way
down through the hills simultaneously with a general lowering of

the upper parts of their basins to a level much below that at which

the hills were originally attacked. But the most curious point

about the gaps which the writer has seen, is that they leave a plain

on one side of a ridge of hills, plunge through the ridge, and

come out on another plain on the other side, and that if the ridge is

followed along its length the plain on the u])-river side is found

to be practically continuous with that on the down-river side,

round the ends of the ridges. The Shaw River has three “gaps”
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of this sort, two where it runs across a pair of high hard ridges

of ga1)hro. and a very long one where it goes right through the

heart of the high hilly country lying l)etween Marble Bar and

Lalla Rookh, Again, close to Marl)le liar the Coongan River is

found cutting its way through the liills quite similarly,

emerging on the ])lain country through the picturesque Doolena

Gorge as a wide tiat-bedded channel walled by precipitous rocky

sides. It is difficult to find a consistent theory of the erosion of

these gaps and gorges, occurring as they do on what would appear

to be naturally the lines of greatest rather than of least resistance,

and of the iirevalence of such gaps as a recurring characteristic in

many different streams, by reference to sub-aerial erosion alone,

but a good deal of the difficulty disappears if we regard the sur-

rounding plains as liaving been occupied by the sea. and the hills

and ridges as islands standing out of it. Doubtless the higher

land would he cut deeply into by valleys formed by storm-erosion

before the subsidence took place which converted them into islands,

but once they were submerged to any considerable extent, so as

to allow the sea to convert the higher ^leaks into groups of islets,

the breaching action of the water, aided by currents round and

between the islands, would be quite competent to account for much

cutting down of channels lietween islands. As the succeeding

elcvatory movement progressed and the islands arose more and

more out of the sea, it seems i)rol)able that some of the main

channels cut by the water between islands would tend to be cut

dee])er as being the most direct outlets to large areas of water,

partly imprisoned on the inland side of the ridges, and that these

hows would determine the form of the basins left when the sea had

entirelv retreated. 'I’he stormwater outfall would naturally follow

the course shaped by the retiring sea waters.

A very beautiful example of a gap in which there is no river,

is seen on"th'‘ --oad from Peak Hill to Nullagine, about 2.') to oO

miles out fioni Peak Hill. I’or this distance the track lies over

verv level plains, cut into here and there by a "creek,’ which is

one of the heads of the south l)ranch of the Ciascoyne River, and

the shallow sections exposed in the watercourses show the soil to

be underlaid by layers of ferruginous comi)acted sand and small

pebbles. In one place numeiams thin Hakes of hard whitish lime-

stone were picked up. showing the i)rcsence of beds of the Nulla-

gine series. Several clay ])ans were seen, in which fresh water

would accumulate during rains. While i)assing over those plains

the road is heading towards a blue ratige of hills, visible for many

miles, and as one gets closer ami closer to this range, it seems im-

possible that it can be crossed excc])t by climbing over it. But

suddenly a wide iiass opens right through it. and the plain con-

tinues as a fiat wide strip of level ground, plentifully covered on

surface by subangular stones, between stee]) slo])es on either side.

Soon the road emerges again from the range on its north side, ano
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continues for miles over more plains without having risen at all

perceptibly to the eye in crossing the range. Doubtless exact

measurements would show a good deal of variation in level, as the

range appears to be a watershed between two drainage basins.

Further north the plain runs along the foot of several hills, here

mostly formed from the Nullagine beds, and everywhere the con-

tact loctween the plain and the toes of the hills ]jreservcs its beach-

like characteristics. 'Fhcre seemed to the writer to be no possible

explanation of the extraordinary uniformity of level of the plain,

and unbroken persistence of the beach typo of the edges of it, other

than that it took its final shape from being covered by a sheet of

water. It did not seem possil)lo to reconcile such extreme regu-

larity of ])lanatioii with any known action of wind, or wind and

rain combined, as erosive agents, d’hcrc must be a small rise and

fall in the iilain country, however, for the road over it, though

showing no grades very ])ercc])tit)lc in travelling, gradually passes

from the watershed of the Gascoyne River on to that of the Ash-

burton. 'j'he stock route wells along this track arc mostly sunk,

apparently in deep soil, with sands and clayey little coherent strata

beneath, of ju'ohalily quite recent age, but some of them seem to go

into the Nullagine l)eds.

At the llgarcre copper field we find great stretches of plain

country, sparsely covered with ‘hnulga,” and often quite bare over

considerable areas. 'These })lains resemble those usual further

south in the F.asleni Goldfields, in being mostly covered on surface

with a plentiful s])rink]ing of iron oxide and cherty gravel usually

somewhat rounded, but possibly owing the rounded shajies more

to concretionary growth in the case of the ironstone gravel and

surface wear and weathering in that of the other stones than to

water attrition. 'This feature will be considered later on. On the

Avest side of one of these plains we come to some hilly country,

composed of slates and basalt of the Nullagine series, and fairly

deeply cut into by a nmnber of distinct "gullies.’’ evidently eroded

by running water within the most recent times. One branch gully

came up into the plain and could be seen to be partly cut out of it

and to lie below its level. These watercourses were parts of the

headwaters of the Ashburton River, and in them ordinary riv'er

erosion is evidently proceeding rapidly now whenever storms sup-

ply the necessary water to cause the streams to fill. The water-

courses are evidently younger than the plains, and cutting back into

them. This shows that the formation of the plains must date back

some considerable distance in ])oint of time, and that there has been

a change of conditions which has allowed of the starting of a cycle

of river erosion, still in quite an early stage.

PLAIXS—“breakaways” AXU SALT LAKES.

In the East Murchison and Mt. Margaret Goldfields and south-

wards from them to the south coast, we find ourselves in a region

of small rainfall in which running streams are rare, and cases of
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apprecia])le river erosion almost entirely absent until the coastal

strip is reached. 1'he most prominent physioj^raphical characteris-

tic of this i)art of the country is extreme peneplanation. there beinj^

no reallv higli hills, such as there are being of the worn-down hum-

mocky type, and the greatest part of the area is occupied by exten-

sive plains and salt lakes. As previously mentioned the i)lains

generally merge into one another—-though often we have the main

parts of each at considerably different levels—and dip on the whole

very gently southward. One of the best examples of this sort of

country may be seen between Meekatharra and Cue. There are

two principal lakes in this region, Lake Annean and Lake Austin,

with several smaller ones like the lake near (Juinn’s. The lakes

occupv the lowest parts of very flat basins, and have very ill-

dcfmcd margins in most i>laces, the bare mud flats along their

edges becoming covered graduallv with a growth of vegetation.

\\ hich is scanty at first, but soon gets more luxuriant as one passes

outwards from the salt-pans. Pnil one may go on for miles out

from the lakes without encountering any rise in the plain country

l^erceptible to the eye, the grades lieing so flat as to be almost un-

noticea'lile without precise levelling. From Lake .Vnnean one may
go over ])]ains eastward, by going round the higher land at Quinn's

and Ihirnakura. and reach Quinn's Lake, and from there go south-

westerly. all over plain country, to T.ake Austin. Coming south

from Lake .\nncan one may also follow plain country all the way to

Lake Austin, although the railway goes over higher ground at

Tuckanarra and Stake Well. Lake Annean however, is quite SO

feet higher than Lake .\ustin.* The lakes are seen to be merely

the lowest depressions in one large plain which has a slight dip

southward. On following this plain outw ards, we find that it very

commonly is fringed with lines of cliffs, often fiO to HH) feet high,

usually cut from weathered granite much laterilise{l on the surface.

These cliffs (escarpments) are known on the fields as “Tlreak-

awavs," i)rol)al)ly from some idea that the ground has l)roken and

fallen along them, d'hey show no sign, however, of being fault-

scarps, being very irregular in outline as a rule, with often outlying

“stacks" separated from the mainland and ha\ ing scarps all round

them. The cliffs are full of small caves and rock-shelters worn

out of the laterite and the soft kaolinised granite lying beneath it,

and often there are fallen Ifiocks of the laterite at the foot of th.

clilTs. Verv usually the slope of the plain curves up very per-

ceptibly to the toe of the cliffs, hnl the general horizontality of the

edge of the ])lains along the bottom of the cliffs is very marked.

The sha])es and outlines presented along the contact of the plains

with the cliffs are ([uitc similar to those seen along the clifl-lined

shore of a sea or lake, and after close examination of many of them

with rival theories of wind and water formation in mind, the con-

vene Staliou 148^ Day Dawn Station 1398, F anninc Station 1475
Austin Station 1364. Nallan 1389. feet (Railway heights',
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elusion has always seemed to the writer quite unavoidable that

these scarps have been formed ])y the Ijreachinj? action of a cou

siderable body of water occupying the area now rci)resented l)y the

])lains. (Juitc similar “Breakaways” are seen in parts of the shores

of Lake Lefroy and Lake Cowan at the i)resent time, and the

scenerv along almost any of these "breakaways' continually recalls

that seen along any sea or lake sh{)re which is fringed with water-

worn cliffs. When we sec the features characteristic of cliffs caus-

ed by sea or lake erosion, reproduced along the shores of salt lakes

like Lakes Cowan and Lefroy. which are almost certainly raised up

l)ortions of an ol<l sea inlet, extending deep inland from the south

coast, and lind them again further north round the plains of which

other salt lakes and salt i)ans are the lowest depressions, the con-

clusion seems irresistible that the mulga-clad i)!ain of the north is

merely a somewhat later stage of the salt lake basin fur-

ther south, and that the surrounding ‘’breakaways” ret)resent the

cliffs formed when these ])lains were occu])ied by large bodies of

water.

When speaking of the "breakaways” of the Murchison, Last

Murchison, and Mt. Margaret goldfields, wdiich are the part of the

country in which the finest examples of this feature are to be

found, it is necessary to notice one very striking characteristic of

many of them, which recpiires to be ex})lained by any jjhysiographi-

cal theory which attempts to account for the present relief of the

country. Most of the best marked "breakaways” are flat-topped,

and a little examination shows that the llat-toi)S arc remains of an

old plateau which has i)een very extensive. 1 he Mat-topped Hill

at Cue for example wdtich is now an isolated "stack' or "butte

has evidently been part of the adjacent flat-topped hills nearer the

towm, which like it. are capped with a lateritic covering derived

from the kaolinised granite forming their lower portions. At in-

tervals all round the Cue plain this plateau is seen, especially a'

few miles to the east of Gabanintha on the road to Wiluna. and on

the south side of the plain, where the cliffs are so prominent as to

have found special mention on the maps. Other good examples

are seen on the road from Cue to "The Pinnacles.” The present

])lain a])pears to have been excavated to a de])th of t)robably as

much as BK) to feet out of a much older i^lain of which only

flat to])ped ])ortions protected by a hard lateritic covering have

survived. Quite similar cliffs wdth lateritic flat tops to them are

seen again some miles north of Mertondale, high enough to receive

special mention on the mat), and others near Wilson’s patch, on

the high ground on the road from Lawlers to Lake Harlot before

dro^iping down to the level of the lake plain, at Hells Gates some

eight miles east of ^laninga Marley on the road from there to

Lawlers, and a particularly good example at Walkinjerie, a little

west of the read from Sandstone to Birrigrin. The Walkinjerie

hill as it ap])ears from the plain, is a narrow plateau of weathered
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granite, lateritised on the top surface, almost perfectly flat on the

top, and surrounded by plains probably quite 70 to 80 feet lower

than the plateau. The cliffs or ‘'breakaways’’ forming the edges

of the plateau are mostly very precipitous, and not easy to ascend

except in a few places. They show all the characteristics of beach

cliffs particularly well. (On the west edge of the plateau about V2

feet down from the top in a sort of shelf in the scarp is the Wal-
kinjerie rock-hole, well-known to travellers on the lOirrigrin road

as carrying a good supply of water. The rock-hole catches the

drainage from a fairly large surface of the flat top of the butte,

but its occurrence where it is found, on the face of a precipice, is

very unexpected and not very easy to explain.

There are se\'eral possible explanations of this older plateau.

It seems most probably quite considerably okler than the preseni

plains, and it may well represent part of a i)cncplanated surface

formed before the subsidence took ])lace which submerged the land

and allowed a shallow sea to carve the present features. It is even

rather likely that this surface was to some extent a reappearance

of an immensely older one, on which the beds of the Nullagine

series had l)een depositee], for traces of these are found not very

far to the north of this region, and the big mass of them in Mt.

Vagahong shows that they must have been a thick and extensive

series. It is obvious that before the Nullagine beds were laid down
the underlying old rocks must have been planed down and sub-

merged. and wlien subsequent erosion removed the covering beds

again it seem.s j)ossible that much of the old planaied surface might

he uncovered without being itself much more deeply eroded than

when previously a land surface, b'or the purposes of the present

paper it is sufficient to regard this older plateau as part of an older

land surface probably antecedent to the la.st submergence which

mainly determined the existing relief. Tt may represent an older

marine plain, possibly dating back to the subsidence which led to

the formation of the Fuicla limestones.

Further south there are frequent occasional traces of an older

surface in outliers of lateritc and lateritic conglomerate found

everv here and there lyitig on the old rocks in snch a manner as to

show them to be merely relics of a much more extensive formation.

One such isolated block—a small one—of ironstone conglomerate

near Mt. Monger, was found to have been nearly undermined by

alluvial gold diggers, the basal layer of the conglomerate contain-

ing a little gold. The lateritic bods at Coolgardie railway station

and the Coolgardie Hospital are a gootl example of this old super-

ficial formation. Whether the auriferous sandstones and grits of

Kintore are of this age or much older, is^at jireseiit quite an open

(luestion ;
they also are a relic of an older suiierhcial formation,

mostly obliterated during the final carving out of the existing

relief.
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“deep leads/'

In writings on the subject of our plain country it has been

somewhat usual to have a good deal of insistence jilaced upon the

point that in them the bedrock is generally very close up to the sur-

face so. that there is only a very small depth of soil covering it.

7'here is no doubt that such a condition is of very common occur-

rence, there being many places where the planed surface of the

bedrock is practically bare. This is well seen in several places

along the shores of Lakes Cowan and T.efroy, in the case of which

it can hardly he attempted to be questioned that the levelling or

planing agent has been water. Yet it is known from the few bor-

ings which have been made in these lakes, that the detrital material

in one case at least, is bTT feet deep below the present surlace of

the lake bed, and so little has been done to test the depths of the

basins that it is entirely i)rematurc to assume that they must always

be shallow. It must be regarded as still quite an open question

whether these lakes ought not to he regarded as filled iqi valleys of

quite considerable depth rather than shallow eroded rock basins.

There is quite a large (piantily of evidence now accunndated on the

subject of the ’‘alluvial deep leatls" not uncommonly found on our

goldfields, wliich goes to show that under the i)lains there often

arc numerous valleys of considerable depth in the bedrock. Some

examples mav be citexL^—The "Lady Mary lead near Norseman

is a buried watercourse running into the Lake 1 )uiidas basin.

Where the lead was first found the ground was shallow, but as it

was followed towards the lake the prosT)ecting shafts iKcame suc-

cessively deeper, up to at least "0 or ^0 feet, the grade of the old

watercourse falling more steet)ly towards the lake than that of the

present surface does. If both grades continue as at present, the

valley of the old watercourse must lie well over 100 feet below the

level of the present bed of Lake Dundas.

The “Princess Royal” lead is a quite similar buried water-

course, running under the residence areas at Princess Ro\al and

out towards Lake Cowan. The shafts down to the auriferous

“wash” were shallow at the southern end. but the lead became

deeper and deeper as it went towards the lake, and the last shafts

were about 00 feet deep. It was in the workings from one of these

shafts that the sponge spicule deposits described by Dr. Hinde wewe

discovered, which he has taken to he of deep sea origin. The

bottom of this lead below Lake Cowan is probably quite 100 feet be-

low the present bottom of the lake.

At Kalgoorlie there are several well-marked "deep leads”

formed by a system of buried watercourses running from the Mari-

tana Hill westerly and southerly under the flats on which are the

towns of Kalgoorlie and Boulder. Near the hills the "leads” are

shallow, but they attain depths of 00 to 100 feet below the flats.

The surface slopes very gradually and gently to Hannan’s Lake, but
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the grade of these older watercourses, where they were worked, is

considerably steeper than that of the stirface. and if it continues

they must lie well over Idt* feet helow the present bed of the lake.

Their course however, has not been traced down to the lake, and the

bedrock api)ears to be close to surface wherever holes have been
sunk in the edge of the latter. It does not follow, if the lake beds

are filled up old valleys, that the present lakes must necessarily be
over the deepest parts of these old valleys, and it is quite possible

that the latter may lie under other portions of the flats surround-

ing the lakes.

Another quite similar deep lead has been traced from the east

side of the Pjoulder Hill at Trafalgar, down into ground up to 118

feet deep in the flat east of the hill.

At Ilulong the “Oversight” lead is traced by shafts from
shallow ground, 10 to 15 feet deep, down under the flats surround-

ing Lake Yindarlgooda. the <lee])est shafts being there somewhere
about 140 feet deep. Here the “lead” oi)ened out into a wide flat-

lying layer of gravel, loo ])oor in gold to l)e worth following. The
bottom of the “lead” is well below the present level of the lake,

and the grade of the old watercourse is much steeper than the

slo])e of the present surface towards the lake. As at Hannan's
Lake, the l)edrock at the present lake is said to be visible ])rac-

tically at surface, so the deep ground—if not cut off by faulting—

must lie under some of the surrounding flats.

At Kanowna the “deep leads” have been very famous for their

large yield of gold. They form a whole series of buried water-

courses. Wilson’s dully, the Cemetery Lead, the W hite Lead, the

Fitzroy lead, and the O.ILl). lead all uniting to form the North lead.

At its deepest known point the lead is well over 100 feet below

the ])resent surface. On the eastern side of the hill on which is

the Robinson mine, there is yet another well-marked lead, the

“Hoonlight Lead.” of which another branch was discovered not

long ago. This runs down to about 80 feet below the surface at

the point where further sinking on it was abandoned. These leads

lie under flats which join to the northwards and have several

small salt lakes upon them.

At Paddington a deej) lead begins in shallow ground near the

Broad Arrow dam. and has been followed past Paddington to

Smithfield. where the ground is about 100 feet deep. Mere the old

watercourse seems to widen and flatten, giving abundance of

gravel with very little gold, and work could not be continued.

The flats under which this lead runs are an extension of the Black

Pdag Lake basin.

Near Pleasant, between Broad Arrow and Black hdag, a

lead started shallow on the high ground and soon became too deep

under the flats to be readily followed. Borings have proved it to

be 125 feet deep, and there seems much likelihood that it is a
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branch of a larger lead running southward under the Black blag

Lake, and more than TOO feet below its present bed.

At Siberia, a deep lead is found at a depth of bo to 100 feet

under what is now a hill. Some mining work done on this showed

it to be a buried watercourse.

At Kurnalpi, the celebrated alluvial workings were on the

slopes of a hill on the edge of a lake, and the ground became

rapidly deeper approaching the lake.

At Nunngarra, on the Black Range, some work was done on

two leads, one at least of which was traced to a depth of 40 feet.

They disappear under flats through which they have not been fol-

lowed.

At Lake Darlot, a quite similar lead was lately followed from

shallow beginnings on the hills near the St. George mine down into

ground about TO feet deep, under the flats surrounding Lake

Darlot. but has not been traced actually under the lake. Evidence

that the ground deet)ens ratn'dly towards the lake is also seen in

some of the workings in the Hats at the west side of the field.

The above are all cases into which the writer has made per-

sonal examination, and to him there seems no doubt possible that

the leads are old watercourses in which there was a certain amount

of concentration of alluvial gold by ordinary river sorting action,

'I'he beds usually contain rounded and subrounded pebbles clearly

due to attrition in running water. The most typical gravels are

those in the Paddington and Oversight leads. 'I’here is generally

much clay and satid with the gravel or immediately over it, and

above the lowest part of the filling it is very usual to have thick

beds of unctuous clay or “pug" of which the Kanowna “pug" is

the mo.st marke<l and well-known occurrence. In the Oversight

lead a layer of hard dolomitic cemented material lies in jdaces over

the "wash" in the deep ground. Above the clayey and sandy layers

nearly all the leads have a thick layer of oxide of iron, often show-

ing concretionary and botryoidal structures, but not in my opinion

])roperly to be regarded as true lalerite. There is a general scar-

city of included superficial matter, and much of the iron oxide is so

pure as to suggest that its origin was as a precipitated iron oxide

rather than an efflorescent laterite- The normal succession of iron

oxide upon fine sedimentary cays in these buried valleys suggests

slow filling tinder lacustrine and subsequently marshy conditions,

in which first fine silts and afterwards iron oxide precipitates were

accumulated. I'he capping of leads by masses of somewhat spongi-

form oxide of iron is so very characteristic in this Stale that the

finding of a line of this sort of iron oxide, which is easily distn.

guished from laterites and gossans, may almost be regarded as a

probable indication of deep ground, with possible gold, beneath it.

In all the leads which have been examined by the writer, the deep
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leads appear to have been filled up and buried during a period long

antecedent to the actions which have given the existing surface its

present sha])c.

Opposite the Kanowna railway station on the head of the

“town lead.” we find a very hard silicious fine conglomerate lying

over the wash layer in the lead. A somewhat similar hard cherty

quartzite caps a small hill not far from the road to the racecourse,

and under this caj) there is loose quartz gravel made up of pebbles

of the thoroughly rounded marine type. Where this occurrence

fits into the geological history of the locality is at present a matter

of speculation so far as the writer is concerned; it is however,

evidence of lacustrine or marine conditions in that area in no very

(.listant geological period. The little gra\el hill is quite isolated,

and is the only one of the sort seen by the w riter anywhere in the

district, and it is certainly much older than the last stage of sur-

face sculpture. It may be i)erhaps connected with the “cement”

(fine grained conglomerate) beds of Kintore, but is evidently a

relic of an older superficial formation which has otherwise almost

entirely disappeared.

'fhe Deep leads, however, are not by any means the only

proof that there is often an older land surface buried under the

existing i)lains, and which is often at such varial)le depths below

the latter as to show that it was not so uniformly level as the pre-

sent ])]ain surfaces. This is quite often seen in mining shafts and

in stopes which come up close to surface, it being not at all uncom-
mon to find much variation in the de])ths at which the bedrock is

found beneath the surface. 'Fliis deep “surface” or “made ground”

as the miners commonly call it, often gives considerable troul)le in

tracing the outcrops of reefs into the flats, as it has to be sunk

through to find the ontcrojis. l)e])ths of “surface” up to irld feet are

not uncommon. Much greater dejiths of it are often found in

sinking wells, many of which go dowm -”() to KK) or more feet before

the bedrock is reached. Ibifortunately it is hard to get exact data

on this matter, as the well-sinkers rarely make any distinction

between soft weathered portions of the bedrock and the detrital

de])osits which cover it. There arc a great many cases known
where w'clls of (luite considerable depth are sunk almost from sur-

face in soft weathered rock, which is merely the bedrock softened

and kaolinised by weathering, and areas of such rock appear to he

as useful in acting as reservoirs of under-surface water as deposits

of superficial detritus. The records of ground passed through in

well-sinking, therefore, are rarely at all de])endablc as showing
whether the sinking is in detrital material or in weathered bedrock.

A good deal of attention has been given by the writer when travel-

ling about the fields to examining the dumps thrown out from the

wells, and in making inquiries from men with knowledge of them
to ascertain the depths at which the true bedrock has been encoun-
tered, and there arc a large number of instances where the sinking
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has been in detrital material to considerable depths. Compara-

tively few, but still a few. cases have been noticed where water-

worn gravels have been thrown out among the stuff sunk through.

One very good instance is a well on the road from Rothsay to

Field's Find, about half-way between the two so far as memory

serves, wdiere the dump of the well showed a good deal of well

worn shingly gravel. This well is sunk in the plain surrounding

Lake Monger and merging into the bed of the latter by the

characteristic imperceptible gradations previously referred to.

From a good deal of scattered evidence of this sort, the writer

has formed the conclusion that the surface of the bedrock below' the

existing plains is generally somewhat variable in its relief, and that

if the covering of detrital material conld bo imagined as removed,

it would appear as a surface of gently undulating hills and hollows,

such as might be expected of the surface of a peneplain reduced

to approximate base level by subacrial agencies, and traversed by

numerous watercourses of slight grade and consequent small

depth of erosion of their valleys. But these surfaces have since

been submerged luuler the system of large lakes of w*hich the ex-

isting salt lakes are only the shrunken remnants, and their inequali-

ties of relief have T)een filled up with lacustrine or marine drifts

and sediments, and so reduced to the extremely complete state of

planation in which they arc now found. While it is probably quite

true that the main peneplanation of the bedrock as we now find it

was due to suh-aerial erosion, it seems to me therefore that the

final touches giving the landsca])c its existing iieculiar characteris-

tics. w^ere given by submergence of the peneplain under consider-

able bodies of w-ater.

MATERIAL OF PLAINS.

The materials composing the plains have always appeared to

me very much more consi.stent with deposition as marine or lacus-

trine sediments than as wind-borne material. Nothing is more

characteristic of the goldfields plains than the way in which they

are covered over immense areas wdth a coating of stones at sur-

face. Very many of those stones arc oxide of iron pel)bles often

showung concretionary structure and which may well have been

formed almost in situ as ])isolitic growths. We know' that many

of our typical laterite cappings both on the granite hills of the

Darling Range, and on the sedimentary drifts of the coastal for-

mation, appear to be formed first as small pisolitic concretions in

the surface soil which are added to in course of lime as solutions

carrying iron are draw'ii toward the surface by capillarity and the

iron fixed by evaporation and further oxidation. In the same w'ay

it is quite possible that many of the iron oxide pebbles on the gold-

fields plains may have been formed very much where we now find

them, and it may be pointed out that this explanation of their pre-

sence would apply whether the superficial covering was formed

from either wind-borne or water deposited sediments. If
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the superficial soil is to l)e regarded as wind-borne this
explanation of the ironstone pebbles is almost the onlv
one possible, for it is clear that these heavy i)ebbles could not
have been wind-borne to any appreciable extent. As a matter of
personal opinion the writer does not attach much faith to this ex-
planation of the formation of the iron oxide pebbles, as most of
them seem to him not (o be concretions in sifn, but rather more or
less worn concretionary laterite pebbles which have been moved
from their })Iace of origin and involved in sedimentarv drift. Thev
are often much mixed with pebbles of jasper, chert, and other hard
and weather-resistant rocks, and fragments of ^^'hite quartz. In
places where the bedrock is close to the surface, it is not at all

uncommon to see the surface so thickly strewn with quartz frag-
ments as to be white in colour over quite extensive areas. Usually
such quartz is not perceptibly water-worn, the fragments being
shari)-angular or no more rounded than is usual w ith fragments of
even hard rocks which ha\'e been exposed to weather on the surface
of the ground, but every now and then it is by no means uncom-
mon to find fairly well rounded pebbles of these hard rocks. It is

not at all unusual to find that when trenches have been cut through
areas where much fragmentary quartz is visible that the liedrock
is not so close to surface as one might have thought, but is covered
by several feet of superficial soil, all containing a good deal of the
fragmentary quartz, ft is difficult to understand how wind borne
material could have through it heavy lum])S of material mounting
ujnvards from the bedrock, hut the explanation is simple if we re-
gard the drifts as sedimentary, as water has very considerable
lateral transt)orting power. I he stony layer is usually much more
noticeable right at surface than on sinking a little way downwards,
often appearing as if angular gravel had been thickh^ spread pur-
posely over hr()wii soil. 1 his is doubtless due to superficial con-
centration of the heavier stones included in the soil. The advocates
of the theory of the soil being wind-borne material, if ihev can
succeed in explaining satisfactorily why heavy angular fragments
of stone should he distributed through the sui)crficial material, can
easily explain the concentration of a suiierficial layer by ap])ealing
to the removal of the light soil by wind and rain, as no doul)t these
agencies are tjuite ca])al)Ie of so exi)laining the occurrence. At the
present moment, we know that wind docs h]o\\' away some dust
from the surface, and that rains wash au'ay .soil as mud. leaving
any heavier material in the soil accumulating as a layer of super-
ficial gravel. The only difficulty is to see, if tlic stuff was wind and
rain borne in the first place, how it came to be so full of stones
which could be so concentrated on surface, d'hc theory of aqueous
deposition finds no difficulty in cx])laining the occurrence of the
stones in the drift—quite similar muds with stones in them mav
be seen along the shores of Lake Cowan any day one cares to look
along the trenches dug for the Norseman Causeway—hut suggests
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amount of concentration of the heavier material by water removal

of fine silt as well as by the subsequent accentuation of the same

action by rain and wind after the lake waters have gone and the

beaches have become dry land.

The “made ground"—to use the miners’ term—quite often

shows alternations of more sandy and more clayey material as

would be expected from de])osits in water, and in no case has the

writer come across any considerable mass of such ground which he

could regard as even probably derived from accumulations of wind-

borne dust and sand. The physical character of the superficial soils

overlying the bed rock seems to him to be quite against the theory

of wind deposition.

SAND HILLS AND SAND PLAINS.

Ill this statement, however, sand-hills and siqierficial sand-

drifts must be excei)ted. but these also when examined present

notable features which are of much consequence in arriving at a

theory of their formation. It may seem the “most imkindest cut

of all" to the suptiorters of the wind-erosion theory to claim their

sand hills in supiiort of that of water planation, but it is in the

position and behaviour of the sandy areas that the writer has found

what appear to him to be powerful arguments in favour of the

theory of lacustrine or marine planation as against that of wind-

erosion. Sand-hills and sand-patches are found very commonly

all over the country at all levels, but it is very noticeable that the

biggest and best formed sand-hills, exce])t those close to the coast,

are usually, so far as the writer's own experience goes, on high land

surrounding the lake plains. One of the most extensive sandy

areas encountered on the goldfields, is crossed on the road from

Gabanintha to Wiluna, a short distance east of the rabbit-proof

fence. Here the ridge between the Lake Annean to Lake Austin

lake i)lain and that surrounding Lake Way and Lake Violet rises to

a considerable height above these plains, and the sand is very

heavy to traverse, ft is formed often into well-marked sand dunes

of typical shapes, now covered with spinifex and small scrub, and

rarely shows signs of having been in motion as drifting dunes for

a very long time. 'Lhe dunes are practically fixed by the vegeta-

tion, and wind appears to have Init little effect on them. The

sand-ridges are found southward to Birrigrin and Barramhie, being

very difficult to traverse between these two centres, and the rabbit-

proof fence from Barramhie to Gum Creek passes through them

for many miles. Rverywhere they are on the high ridge on the

edges of the lake plains, and are practically fixed in position by a

coating of vegetation.

The Barr Smith Range, passed over on the old road between

Kathleen Valley and Cork-tree well, on the way to Wiluna. is

another very characteristic sand-plain, with only very small dunes,

now well fixed by vegetation. It is high ground on a ridge between
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two extensive brown-soil plains. 1liis tract of sandy country is

found westwards nearly to Birrigrin and Black Bange. Another
similar stretch of sand hills, very bad for travelling through,
separates the plains near the Alt. Sir Samuel mining area from
those of New Bngland and Lake Darlot, there being a high sandy
ridge between them from the New England country nearly all the

way south to Wilson's Patch. The sand hills are particularly well
seen where the road from Alt. Sir Samuel to New England crosses
the high ground, but here. too. the dunes have every apijearance of
having been long fixed in their existing positions, being well cover-
ed with scrub.

Another well-known line of sandy country lies between Afen-

zies and Davyhurst. on the north and south ridge between the

Goongarrie Lake plain and that of Siberia Lake. Here too, the
dunes seem to have been long fixed by vegetation.

Between the Jaurdic Hills and Coolgardie there is a sand-
patch several miles in width on the highest ground between brown
soil flats on cither side of it. and several similar ])atches are seen
along the railway line l)etwcen Northam and Kalgoorlie. Near
Tammin it is very noticealde that the sand-patches arc usually, it

not always, on the ridges between the fertile lower-lying plains.

Going down the rabbit-iiroof fence from Burracoppin to

Ravensthorpe. a great deal of very sandy country is traversed, but
even there the prevalence of the sand on the higher ground is very
marked.

Another extensive sand-i)lain is crossed on the road from
Yalgoo to Rothsay. on the high ground between the A^algoo plain

and that of Lake Monger. Here no dimes were seen however, the

sand plains being remarkably flat.

Yet another good example of sand plains on high ground is

seen in travelling from Northampton to the old Geraldine mines
on the Alurchison River. 1die road rises np off the fertile jilains

and undulating country to the north of Northampton on to a sand-
plain on a high ridge sei)arating the valley of the Bowes River from
that of the Alurchison. This ])lain shows few and only very small

dunes where seen l)y the writer, and forms a <listinct sandy plateau

considerably higher than the hrown-soil country on either side of
it.

Now how are we to account for this extraordinary predilec-

tion of the sand deposits for the higher ground? it is not the ex-
perience of wind-action elsewhere, where its effects on sand can be
watched in progress, as in the case of the coastal dunes, that the

plains should be swept free of sand and this accumulated on the

highest ground round them. It is true that there are very fre-

quently sandy areas in the plains, so that they are not clear of sand
by any means, but the freedom of great areas of them from sand
is very remarkable if their erosion has been due in any marked
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degree to the cutting action of wind-driven sand. Where we see

drifting sand dunes, as on the south coast, it does not seem to

matter much whether the ground is high or low; the dunes march

forward before the ])revailing winds over high and low ground

without discrimination. There is no visible tendency to build up

on one spot more than another, excej)! right along the beaches,

where the loose sand thrown n]) from the sea is first stopped by

the defence of vegetation. Sand-hills build up most characteristi-

cally along this frontier, l)etween the fresh supplies of sand ever

throAvn on the beach by the waves and the barrier opposed to its

inward drift by the fixing action of vegetation. Among the inland

lakes excellent examples of sandhills round the margins of the

lakes are quite commonly seen, for example on the south side of

the Siberia lake on the road from Davyhnrst to Siberia,

and on the shores of Lake Koorkoordine on the

road from Southern Cross to Koolyaiiobbin. And just

as we often find marginal sand dunes round the existing salt

lakes, so the main belts of sandy country corre.spond with the posi-

tion in which we might exjiect sand dunes to have lieen formed

round the older and larger lake-beds, which now form the brown

soil plains. They are still in ])osition where they were formed

when the lakes were filled with water, and are therefore on the

high country separating the lake basins.

While on this suliject it is instructive to notice the very dif-

ferent type of surface prevailing in the sand dune country from

that on the hrown-soil plains. Where the surface has been moved
obviously by wind it is uneven, and in small hills and hollows re-

sembling waves, which in cases rise to the magnitude of dunes where

the bodies of sand are larger. Wc at once get the typical wind-

shaped surface, exemplifying the well-known fact that material

accumulated by wind lies in waves and drifts and not in level

dei)osits. But how then can we ascril^e the levelness of the plains

to wind action? Wind is not a cutter of level surfaces, but of

uneven ones.

It is readily admitted that windstorms of much violence are

not uncommon on our fields, and on any fine day in summer it is

quite usual to he able to see several whirlwind clouds of dust

dancing over the landscape at one time. But so far as the writer's

observation has gone, it is very uncommon, if not unknown, to see

any signs of the ground being worn away perceptibly by dust

storms. If they were a strongly-operating cause of removal of

the surface soil we should expect to see quite commonly, trees

with the top portions of their roots laid bare by the wind, and

standing well out of the soil, but the general appearance of the

trees is usually quite distinctly the contrary of this, the soil often

appearing rather to have accumulated round the stems than to have

uncovered the roots. A good deal of attention has been given to

observing this point, and the writer is quite satisfied that the vege-
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tation on the plains usually shows no sign of any appreciable wear-

ing down of the surface soil by wind erosion.

TKATEKTIXn DEPOSITS.

Turning to another feature of many of the lake plains, it does

not appear to have attracted much notice hitherto that deposits of

im])ure limestone are not uncommon in many of them. Usually it

has the appearance of travertine, and where it has been described

it seems often to have been somewhat hastily assumed to he formed
by emanations of lime-bearing solutions from weathering of under-

lying basic rocks. This may quite well be true in some cases, and

the association of the closely allied magnesite dejiosits with basic

rocks seems fairly well established in some of the occurrences of

this mineral in this State, though there seem to be others in which

no such association has yet been made out. Some of the largest

travertine deposits seen by the writer, however, do not appear to

be on basic rocks at all. so far as can be seen. On the south side

of Lake Annean on the road to Cue, there is a large amount of

this travertine, apparently on granite bedrock, and another exten-

gi\'e occurrence is seen near Nallan, at a favourite picnic ground to

the north of Cue, where the railway authorities have established a

ballast ])it from which the travertine is extracted for ballasting the

railway. Another large patch of similar limestone is passed over

to the south-east of Quinn's, on the road to Erroll’s, in an area

where the visible bedrock is mostly granite. Other occurrences

are near Lake Aliranda and Lake Way. a short distance out from
the margin of the iwesent salt-jians. Several other little patches of

similar limestone have been found useful on the goldfields for

burning for lime for cyaniding and building oj^erations. although

the mineral is usually too impure to give good ([uicklimc. short

distance out from Southern Cross on tlie road to Marvel Loch,

there is a large amount of concretionary limestone, in sjdierical

nodules from the size of i^eas up to that of cricket-balls, which
was burned for lime in the earlier days of the Southern Cross Gold-

field. These are on a (li{)ritic bedrock, but where the deposit

occurs this rock croi)s out at surface in what appears to the eye to

be a remarkably unweathered condition giving little support to the

explanation that the carbonate of litne is derived from it. The
position of the lime dei)osit is only a few feet above the plain of

Lake lk)laris. and on the margin of it. 1’hc travertine deposits at

the south end of the Causeway at Norseman are quite similar to

most of those just mentioned—except for the spheroidal concre-

tionary one at Southern Cross, which ap])cars to l)e dii'fcrcnt from
the rest—and are found in patches for some distance up on the

Norseman hill, and at first there was no reason to think that they

were anything else then superficial travertines derived from the

greenstone bedrock. l>ut the discovery l)y Mr. W. D. Campbell,

of several species of marine fossils in these limestones, here much
opalised. has thrown quite a new light u])on them. In this case
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there can be no doubt that the calcareous travertine represents the

much weathered condition of a former bed of shells and shelly

detritus, and bearing this in mind together with the marginal posi-

tion on lakes of most of the other travertine areas, it is not a great

assum])tioii to make to suppose that they also were shell l)anks.

^''ery little attention ap])ears to have been given by any observer to

the calcareous deposits. i)rol)ably owing to exigences of travel and

acceptance of the prevalent idea that they were merely travertines

from l)asic rocks, but it seems to the writer that there is a very

strong case made out for thinking that they are most probably

of marine origin, and that they also will be found to lie fossili-

ferous when well searched, d'liey will probably prove to yield the

decisive evidence as to the truth or otherwise of the theory of a

recent marine invasion of onr goldfields areas.

The spongy to ])ulverulent, yet often also concretionary and

nodular character of these travertines, and the frequent occur-

rence with them of opalised matter, may easily he the result of

subarid weathering of banks of shell sand. The thin coating of

superficial limestone along the shore at Port lledland is of very

similar character, and to a passing glance shows little or no sign

of being formed from organic <letritus, yet with marine life

swarming l)etween tide-levels on the shore close by, it can hardly

be doubted that the limestones are <lerived from similar organic

remains. Much of the betlded limestone near Ilopetoun, similarly,

which is often jmetty distinctly stratified, has also a similar traver-

tine-like character. In the railway cuttings lietween Cottesloe

Beach and North Fremantle we see excellent sections showing a

great amount of re-arrangement of the calcareous material l)y solu-

tion and rei^recipitation along lines on which passage of wxiter

through the mass has l)een jiossible. and there seems no good
chemical reason to doubt that the transformation of shell sands into

travertine-like deposits could easily result fr(jm sut)erficial weather-

ing under the conditions of small i)rcci])itation and rapid evapora-

tion ])revalcut on our fields. 'Phe fall of rain upon the porous

material, and the subsequent withdrawal of the water from the

soil by ca])illary attraction to surface and eva])oration. supply

quite the ideal conditions for rai)id and extreme alteration of

superficial calcareous beds. It is suggested that this rapiil weather-

ing cf calcareous matter may l)e a very sufficient reason for the

absence from the lake l)asins of any of the signs of marine life

which would be ex])ected on the theory of their having been sul)-

merged under the sea.

sAL IX ITy nr wA
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The next question to which study of the lake areas leads us

is that cf the degree and nature of the salinity of the natural

waters found in the goldfields. This is a matter on which much
light is likely to he thrown by the greatly hoped for publication at

an early date by the Geological Survey of W.A. of all the numer-
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oils analyses of the waters of the States, which have been made
for various purposes. From examination of a large number of

these analyses the present writer is strongly of opinion that they

point to deri\ation of their saline contents from a marine source

rather than directly from integral constituents of the bedrock. It

is obvious that strata laid down as sediments under sea water
must contain a proportion of sea-salts in them when they are again

elevated to become dry land, and even the old crystalline rocks,

when their upper surfaces have been under the sea may well be

assumed to have a large amount of salt water forced into them
through all possible joints and fissures in them, which would
mostly he retained when they were again elevated above sea level.

Such interstitial salt would then have to be regarded as of marine

origin, and quite foreign to the solid constituents of the rocks in

which it is entangled, and would be capable of being washed out of

them. It \vould thus be different in origin from salts set free by

the weathering and chemical changes affecting the original mater-

ials of the rock itself. The commonly accepted theory that West-
ern Australia presents a very old land-surface which has never

been submerged for ages, liowever. demands that the saline accu-

mulations must be regarded as principally derived from the inte-

gral minerals comi)osing the bedrock. Hut so far as analyses have

gone, there is very little chlorine in the crystalline rocks, and it

is very difficult to believe that the enormous quantities of salt pre-

sent in the salt pans and the surface soil and shallow underground

waters of this State can have been formed merely by prolonged

concentration of the minute amounts of chlorides as yet demon-

strated to be existent as a primal constituent of the crystalline

rocks. It is often stated that the areas occupied by the greenstones

vield ground water much more highly saline than that of the

granite districts, and also that the soda-granite country is saber

than that composed of orthoclase or microcline granite. Thv

writer is very dubious as to these statements being acceptable as

correct generalisations, as there are several granite regions towards

the south coast where the ground waters are extremely salt, and

other greenstone districts, esjjecially in the AInrehison, East Alur-

chison. and Alt. ATargaret fields, where fresh water is found just as

commonly as in the granite. In the absence of analytical proof

that the greenstones average considerably higher than the granites

in percentage of chlorine in their crystalline constituents, the

writer is inclined to ascribe any local differences in salinity which

may he noticed rather to the much more jointed and often schis-

tose structure of the greenstones as compared with the granites,

and their consequent greater liability to inclose interstitial salt

water whose salt is not necessarily derived from the enclosing rock.

A somewhat curious instance is seen at the Govrnmeiit dam at

Cordingu]) Creek at Ravensthorpe, where some 000,000 gallons

of fresh water are im])ounded from rains falling on a granite
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catchment. Near the back of the dam one of the diorite dykes
very common in this district crosses the Cordingup Creek, and at

this point it was found that there was an exudation of salt water in

small quantities, but sufficient gradually to affect the fresh water,
and to require special measures to be taken to cut off the salt water
feeder. It is incredible that this salt should be leached out of
either the solid crystalline granite or the equally dense crystalline

diorite, both of which are practically unweathered at this point, but
there is nothing strange in there being salt water in the fissures

along the margins of the <lyke. ExceiK for a short time during
rains almost all the natural waters of the Ravensthorpc district are
very salt, whether the bedrock is granite or diorite, and salt water
must therefore be expected to accumulate in all joints, breaks, and
other fissures of the rock.

By tracing the conditions of salinity of the country from the
south coast northwards, the writer thinks that we shall be able to
see an explanation of most of the phenomena exhibited, and to
conclude that they are in keeping with the theory of marine
submergence, though mexi)licable on that of sub-aerial pcneplana^
tion. All along the south coast from Albany eastward to Esper-
ance, the country is very salt, most of the streams—even running
ones—being quite undrinkalfie even l>y cattle during the drier parts
of the year. When Hooded by rains they may he fairly fresh for
a little while, but they soon become salt again, and even in rains
the spectacle may ])e witnessed of a rushing turbid torrent of salt

water. The Palinup Rirer, Salt River, Jacup River. Hamersley
River, and Phillips River may generally be seen running a little,

where crossed in travelling from Albany to Ravensthorpc. but
are very salt. On the granite rocks near the head of the Hamers-
ley River, there is a camping place where a little fresh water may
generally be obtained. Init where the writer found that nearly all

the water trickling over hare granite was quite salt. Vet it is not
the granite which is yielding the salt, for rock holes in the granite
are found in which the water remains perfectly fresh for weeks.
The celebrated Night WT'll on the Salt River was in granite in
the valley of the river and only a few feet above its bed, and above
it and below it in the bed of the river there were salt water ])ools
when the writer visited it in 1902. 'I'he fresh water was in a
crevice in the granite and so had every op])ortnnily to dissolve salt
from it if the granite were the source of the salt, but the water
was quite fresh. So also tanks blasted out of the granite, and
with a bare granite catchment, in other parts of the southern dis-
trict. retain their water perfectly fresh. The hard granite evi-
dently is not the source of the salt, hut all the overlying soil and
the sand plains appear to be full of salt. It is clear that every time
the streams run they must carry away a large amount of salt to
the sea, and it is an indication of the enormous amount of salt
available, and also of the comparatively short time during which
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the leaching action can have been going on, that there is still so

much yet to he removed.

Going further north, the country still remains salt, irrespec-

tive of whether granite or greenstone is the l)edrock, but there is

no difficulty in getting fresh water daring rains for storage in

dams. I'he surface layers of the ground have been washed fairly

free from salt by the rains, and in favourable places fresh water
‘'soaks” may be found, especially where fresh water j)ouring off

bare granite rocks has accumulated under superficial drift round
their bases. It has been able in course of time to wash out and
])ress back the salt water. Wells in such places however, are very

often found to turn salt very rapidly when used, the drainage into

the well evidently soon drawing back the salt water which had been
displaced by fresh. It is also very often found that one must be

very careful about deepening such wells, as the fresh water zone
is often quickly j)assed through and salt water found below it.

A curious instance of fresh water in salt country was found when
boring for water at the Jaurdie Hills not tar from Cooigardie. A
small valley comes out of the hills, down w'hich at times of heavy
rain there is a fairly strong How of water which soon is absorbed

when it reaches the plain. Horings found that the alluvial drift in

the flat at the mouth of this little valley w'as some <>0-7b feet deep,

if my memory is correct, and three of these bores got salt water.

A fourth. t)ut dov.ri within the triangle formed l)y the first three,

obtained fairly fresh water, but when a w'ell was sunk the water
soon became salt. 'I'he explanation doubtless is that the alluvial

drift was salt in the main. l)ut that the fresh w'aler from the hills

had established a line of tlow^ for itself througli the drift, along

\vhich the sail had been w'ashed out. ’I'he fresh water bore hap-

pened to hit this channel and got fresh water, but the demands of

a well sot>n brought in the salt water from the surrounding sab
country. Another fresh water well at Cooigardie in its early

days was a bonanza for a short time to its owner, but it soon alsL.

became salt.

Continuing northw'ards, fresh w'ater wells and soaks become
much more frc(|nent and more permanent, and the salinity of other

wells is generally much less than in the southern districts. North
of Kookynie. fresh water wells become tjuite common, though the

lowest lying ground is a])t to he very salt, and salt lakes arc still

cDinmon. Rising into still higher country the wells are (.)n the

whole fairly fresh, and iiiaiiv of them excellent water, though
there is often great variation in the salinity of wells quite near one
another. Is it not pretty clear that height above sea level is the

principal factor in the prol)leni, and that the country which stands

highest has had the best chance of having the salt removed from
it by rains and the gradual down grade How' of the ground waters;’

Also if the theory of submergence under the sea by subsidence and
subsequent emergence by elevation be correct, the higher country
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has been longer exposed to the washing action of the rains, and

has been more thoroughly leached of salt than the parts which

were later in emerging. The snb-aerial theory might explain the

accumulation of the salt in the lowest parts of the plains where the

water gathers, l>iU it does not explain why the South Coast region

which has twice or thrice as great a rainlall as the country further

north should be the saltest portion of the State.

The salt waters found in our salt areas vary greatly in total

jiercentage of saline constituents per unit of water, and also a

good deal in the relative amount of the various salts jiresent, but

it is very notable that the salts iiresent are principally those also

found in sea water, and are such as might result from the leaching

of sea salt from superficial sediments. In this process certain

reactions are liable to take place between the salts and the constitu-

ents of the soil which may have the effect of rendering some jxir-

tions of the former insolubie, with interchange of other soluble salts

not originally in the sea water in ])lace of them. The calcium

sulphate in sea water, for example, might readily react with sodium

carbonate formed by the weathering of sodium-bearing silicates in

the soil, to form the much less soluble carbonate ot lime and

sodium sulphate. Many such reactions must be exjiected which

might soon alter the quantitative proportion between the various

salts from that normal in sea water. Taken on the whole, the salts

in our salt lakes and wells may truly be said to be of a marine

facies, sodium chloride being always predominant, and constantly

associated with much of suliihates of lime and chlorides and sul-

phates of magnesia, in some cases the magnesia salts are more

plentiful than usual, and the composition of the saline constituents

of the water then a])proaches that of the ‘*l)itterus” formed when
])art of the sodium chloride of sea water has been crystallised out

of it. Whether such removal of sodium chloride he the reason of

the relative excess of magnesium salts or not, it may be noted that

very similar variations in the proportions of sodium and magnes-

ium salts arc couimou in brines pumped from saline strata in salt

producing districts. In these, too. a like differential removal of

certain of the salts must have taken place as the marine origin of

these salt beds is undis])iUe<k and the proportions of the

salts present must therefore have been originally those normal in

sea water.

d'he insufficiency of the theory that the salt in the ocean is

derived from mere evaporative concentration of the salts brought

down by rivers has frequently been remarked upon. Julius Roth,

for example, found that the proportions of the salts of river and

sea water were :

—

Carbonates. Sulphates. Chlorides.

% % %
River water .... 80 13 7

Sea water 0.2 10 89
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The learned authors of the article on "Ocean and Oceanography’^
in the Encyclopedia Rritannica, who quote Roth's figures, also

remark; "The salts of salt lakes which have been formed in the

areas of internal drainage in the hearts of the continents by the
evaporation of river water are entirely different in composition
from those of the sea, as the existence of the numerous natron and
bitter lakes shows." The water of Lake Van. for example, con-
tains 5.397G grams of sodium carbonate per 1000 grams of water,
to 8.0500 grams of sodium chloride. The principal soluble salts

formed by the chemical action of the weather on the compound
silicates which form the bulk of the crystalline rocks are carbon-
ates or bicarbonates of the alkalies and alkaline earths, and as
a natural consequence these salts must be expected to predominate
in the surface waters leaching through masses of weathering rock.

Unless chlorine be present as a constituent of the rocks, no con-
siderable amount of sodium chloride can be formed from such
weathering, and unless, therefore, our crystalline rocks can be
shown to carry a quite perceptible amount of chlorine in them on
the average, there is no reason to look to them as the source of
the salt so plentiful in the ground w^ter. So far as chemical
analyses have been published chlorine has very rarely been noted as
a constituent of our crystalline rocks at all, and the petrological

descriptions do not indicate any unusual abundance of chlorine-
bearing minerals.

In this connection it may be of interest to refer to the tables

of analyses of natural waters in Australia given in the Report of

Proceedings of the Interstate Conference on Artesian Waters,
1912. Appendix B. gives 54 analyses of bore waters in New South
Wales, characterised by the carbonates of sodium, potassium, cal-

cium, and magnesium being in almost all cases greatly in excess of
the sodium chloride present. In Appendix PI. there are several

hundred analyses of New South Wales artesian and subartesian

waters, and the great majority of these also show alkaline carbon-
ates in large excess over sodium chloride, although a few are
mainly saline waters. In Appendix M., Tables 11 and 111 give
65 analyses of waters from Western Australia, but in these sodium
chloride is almost always in large excess over all other salts pre-
sent, and carbonates are of quite subordinate importance. The
reversal of the relative proportions of chlorides and carl)onates in

the ground water at once suggests some essential difference

between the conditions of the two provinces of New South Wales
and Western Australia. Appendix T. shows 48 analyses of bore
and well waters from the Mallee country of Victoria, with a great
preponderance of sodium chloride over all other constituents. In
Appendix Y. there are 34 analyses from South Australia, of waters
from the Great Australian Basin

; in 28 of these sodium chloride is

the most abundant salt present, hut iu 6 cases sodium carbonate
predominates, and in 11 the sodium carbonate is next to sodium
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chloride in abundance. In the table of analyses of Queensland

waters, the relative proportions of the various salts have not always

been determined, but it may be seen that in a large number of cases

the sodium carbonate is the salt most plentifully present, while in

others sodium chloride predominates. It seems rather probable

that a careful correlation of all these different analyses according

to locality and composition taken in conjunction with the geological

structure at each bore might give useful results in assisting to

arrive at some conclusion why certain regions have developed

alkaline rather than saline ground waters. For the purposes of

the present paper the main point to be emphasised in these analyses

is the great salinity of the Western Australian ground waters as

compared with those of Eastern Australia. It is submitted that

the most feasible explanation of the occurrence of such abnormal

quantities of common salt is that it is derived from sea water

within a space of time so recent, geologically speaking, that it has

been insufficient to allow of the salt being either carried back to

the sea or concentrated entirely in the low-lying salt lakes. All the

rain that falls on the surface tends to carry the salt into one or

other of these final receptacles, and the fact that this action has

not yet succeeded in removing the salt from the soil to anything

approaching the extent that must follow from long continued leach-

ing by rain, may be taken as supporting the view that the present

condition is of comparatively recent occurrence. This argument,

however, is weakened by the fact that the capacity for evaporation

of water in this State very greatly exceeds the precipitation, so that

it is possible and in many cases probable that very little if any of

the rain falling on a district goes to increase the body of ground

water and to help to drive it forward on its slow hut constant

course seaward. A great deal of it simply sinks into the earlh for

a time, but is brought up again by capillarity and vegetation and

evaporated. It is therefore quite possilde that the salinity of the

soil of such a district might remain practically constant for an

indefinite period. The most that can be regarded as certain is that

the salt would tend to become more and more collected in the

lowest lying portions of each district, and that in course of time

the slow seaward movement of the ground water must tend to

restoration of the salt to the ocean. That this result has been at-

tained in the higher central regions of the State more thoroughly

than in the southern coastal ones has been already pointed out.

The dogma that the central portion of this State has been a

land-surface from time immemorial, which has been re-iterated so

often as to have become generally accepted belief, seems to the pre-

sent writer to be founded on no sure basis of facts and to be en-

tirely o])posed to the physiographical evidence above narrated,

which all goes to show that the very shape of the landscape as

we now see it has been mainly impressed upon it by the action of

bodies of salt water. It is difficult to discover why such a theory
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should be held, for there is a good deal of evidence that the sea

has extended over the greater part of the State not only once, but

repeatedly since the very ancient rocks forming our goldfields were

first exposc<I as a land surface. These oldest rocks, taking all the

Pre-Cambrian ones together, are uncovered at surface at the pre-

sent day ill the Central and Eastern Goldfields, hut in the greater

part of the northern half of the State they are overlain by the much
vounger Nullagine formation, and there a])pears to be at least a

strong possibility that this reapiiears in the Stirling and Eyre

Ranges in the South. There is quite a considerable degree of pro-

babilitv that the whole of the State has been covered by the Nulla-

gine formation, lying upon a previously planed-down surface of the

Prc-Cambriaii rocks. Subsequent erosions have removed the Nul-

lagine rocks over huge areas. After the formation, upheaval, and

land-erosion of the NTillagine beds there has again been depres-

sion of large parts of the area of the State below sea level when
the Carboniferous formation was laid down, which must have ex-

tended over a very large portion of the State, as we still find large

areas of it in districts so far apart as the Kimberley, Gascoyne,

and Collie mineral fields. The elevation to which these beds ex-

tend suggests that when they were laid down there was much
probability that a great deal of the rest of the State was also

submerged. Then still later there must have been submergence

of large portions of the State when the Meso?:oic '•x'ks were laid

down which wc find from Gin Gin northwards to beyond Gerald-

ton, uj) to considerable elevations, and the limestones of the Eucla

plateau, found u]) to heights of about 1000 feet above sea level,

point to a probably rather later period of sul)sidence and marine

sedimentation over an immense tract of country. When the sea

came inland to the northern edge of the Eucla limestone area it

may well have flooded a great part of the liastern goldflelds which

are now below the 1000 feet level, and a comparatively slight fur-

ther subsidence would have carried it over practically the whole of

the Central and Eastern Goldfields if the relative levels of the

various districts remained the same then as at present. The

Government Geologist has also described limestones, proliably of

Tertiary age. occurring at a high level near the head of the Oak-

over River in the Ifllbara Goldfield, which would indicate a sub-

sidence in Tertiary times sufficient to bring the sea a long way
inland at that point.

It is seen therefore, that there is positive evidence of suc-

cessive invasions of the sea well into what is now the interior of

Western .\ustralia. up to the Cretaceous and probably the Eocene,

or even later periods, and there is no reason to .sup])osc that the

limits as we now find them of the formations then laid down were

the extreme limits to which the sea waters extended. It is much

more likely on the contrary that the sea extended over a great
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deal more country, in which no traces of its presence have been
preserved.

Subsequent to the laying down of the Cretaceo-Tertiary lime-

stones there have been further oscillations upward and downward
of the land forming this State, with formation of the Tertiary to

recent coastal limestones and sandstones. There is much doubt as

to the thickness of these sediments, as some of the bores into them
which appear to have gone to depths of 1000 to '1000 feet without

getting through them are regarded by the Geological Survey as

being in Mesozoic strata in their lower portions. The elevation to

which they reach is also not at all certainly ascertained. On the

Ravensthor])e Range near Kimdip. there are patches of probably

rather recent conglomerate at quite <S0t) feet above sea level, and if

some of the recent sedimentary dc])osits at Collie, overlying the coal

measures, near Kirupp, and at Greenbushes are taken to belong to

the coastal formation (Tertiary to recent) they would indicate

marine or lagoon deposition at a horizon now elevated 700 to

900 feet above the sea level. Here again it is im[)robal)le that the

few relics still surviving of these beds would indicate the extreme
height up to which the waters of the sea may have invaded the

country, and it might quite well be that the subsidence of the land

was great enough to flood the plains of the goldfields. It is sub-

mitted that as there is proof up to ati elevation of 900 feet of

subsidences sufficient to cause formation of probably marine sedi-

mentary de])osits there is no great assunqgion involvetl in su])posing

that they went on to a still greater extent so as to l)e sufficient to

cause the sea to invade the interior at levels considerably above
that elevation, and enough to impress upon the surface those

features of marine planation which we now find to be characteris-

tic of the goldfields landscapes. The subsequent elevation of the

land would then lead to the formati<.)n of numerous salt lakes in the

depressions of the generally flat surface, whether such depressions

were due merely to inequalities in the level of the sea bottom or

to slight deformation basins forming in the bedrock itself in the

course of its elevatory movement. Some such unequal movements
of portions of the upheaved block would lie only what might be
expected during a continental movement of elevation. Signs of

such uneven motion arc not wauling. A small fault, for example,
has l)een found in the Siberia deep lead, throwing down the old

gutter some six or eight feet, and at Coolgardie there is a very
interesting patch of deep ground, about 400 feet deep, of probably
Tertiary or Posl-'I'ertiary age, which seems inexplicable unless it

is a small sunken field or "grave” where a wedge-shajjed piece of
ground has been faulted downwards. It is not unlikely that such
faults in the sui)erficial sedimentary deposits are quite common,
and they may be the explanation of the apparent sudden cutting off

at times of the "deep leads.” If there has been much faulting of
this sort, however, there has been time since it occurred for all
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resulting inequalities of the surface to be planed smooth, leaving

no trace of the faults at surface. The sunken field at Coolgardie

for instance looks just the same at surface as any of the shallow

flats in its vicinity.

It seems probable that the movements of elevation and sub-

sidence of this country have been mainly epeirogenic rather than

erogenic ever since Palaeozoic times. The Nullagine scries of

beds are usually characterised by gentle undulatory bending without

severe folding; the Carboniferous beds mostly lie at low angles of

dip without much appearance of bending, and the strata of Meso-

zoic and Tertiary age seem usually only very slightly tilted from

their original bedding. Since the time when the Nullagine beds

were subjected to a certain amount of orogenic crumpling there

appears to be very little if any evidence that any of the

subsequently formed strata have been compressed into undulatory

folds to any ai>preciab1e extent. At Collie the tilting of the beds

of the coal measures seems princi])ally due to faulting rather than

crumpling. In epeirogenic movements of elevation, faulting in

parts of the moving landmass must be expected as a natural conse-

quence of the readjustments of ])ositiou of material incidental to

the movement. An elevation or subsidence of an area of la!id of

continental dimensions like the Western Australian Plateau would

also require us to assume the existence of powerful faults forming

the boundaries of the moving block, and it may be noted that the

probable existence of some such faults has already been deduced

from entirely dilTerenl considerations, along l)oth the southern and

western coasts of this State. There is too little evidence to enable

one to say yet whether there is any indication of the last elevatory

movement being merely an even vertical one or vN'hcther one or

other side of the block has been upheaved more than the others.

It seems possible that the physiographical evidence may yet be

so systematised as to lead to some positive conclusions being drawn

on this point. A little tilting of one side or another of the moving-

block of ground obviously might have very important effects in

modifving or even reversing the directions of slope of various

parts of the surface, and so altering the flow of surface waters.

I'he most positive indications of marine conditions in the

interior of our State are those already mentioned as having been

found in the Norseman district near f^ake Cowan. Here there are

two occurrences of remains of undoubtedly marine organisms, one

a thick l)ed composed almost entirely of sponge spicules, described

by Hr. Ilinde, in the Princes Royal Deep l^^ad, and the other a

bed of marine shells in limestone, found by Mr. Campbell near the

Norseman Causeway. The shcllbed is described as l)eing feet

above the level of Lake Cowan, and containing opalised casts of

several s])ecies of late Tertiary or recent marine shells belonging

to the genera. Tiirritclla, Pcctcn, Carduim, and Magcllania. The
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sponge spicules occur as a deposit in the upper part of the alluvial

material filling the Princess Royal "Deep Lead/’ forming a bed

said to he over ^35 feet in thickness. Dr. Hinde’s conclusion after

examining the spicules was that the deposit was formed in the

open ocean at some distance from a coast-line and probably in

considerable depth of water, and he thinks them likely to be post-

cretaceous in point of age.

The “deep leads” all over the State arc old valleys which

have been filled up before the present lakes were formed, and the

Princess Royal sponge spicule deposits would go to indicate that

they became filled u]) during a subsidence which brought the sea

so far inland that the present site of Norseman was in deep water

well out from the coast, d'his might perhaps have been during

the time of the Cretaceo-Tertiary subsidence, which resulted in the

laying down of the Encla limestones, and if this date could be

established for the case of the Princess Royal L)eep Lead, it would

probably apply generally to all the other deep leads of the State

which are quite similarly buried under lake flats. It would not

necessarily follow, however, that marine sediments should be ex-

pected to be found in all of these, as the first effect of a movement

of subsidence would be to start the filling up with drift of all the

valleys near the coast long before they became submerged under

sea waters. The material found filling them as a matter of fact

appears generally to be of sub-aerial origin and not marine. The

Princess Royal valley appears to have remained open however, and

to have become deeply submerged, giving the opportunity for col-

lection in it of the deep-sea deposit of sponge remains. The more

littoral shell-beds might have been formed at almost any period dur-

ing this movement of submergence and subsequent emergence of

the land, but probably at either an earlier or later stage than the

spicule beds, and if the species i)rove to be altogether more recent

than the Kucla limestone period, as appears to be the opinion form-

ed at present, it would be probable that they belong to a Post-

Tertiary repetition of the process of submergence and subsequent

elevation much later than the Cretaceo-Tertiary one in which the

Eucla limestones were formed, f'rom their position they look like

littoral deposits of an arm of the sea, occupying the site of Lake

Cowan to, a dejilh at least feet above its present level, and seem

most likely to belong to the last period of the connection of the

lake with the sea before the continuance of the elevatory move-

ment cut the former off from the latter, and raised it up some 900

feet. The presumiHioit would then he that the deep leads generally

are mostly likely of an age between the times of the Cretaceo-

Tertiary subsidence and elevation which gave us the Eucla lime-

stones and a subsequent similar Post-Tertiary down and up move-

ment which gave the more recent Norseman beds. The leads would

represent stream channels in the land surface existing between the

two periods of subsidence.
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The marine deposits at Lake Cowan show positively that ele-

vation from probably a considerable depth below sea level up to

about bOO'^' feet above il, has taken place at that point, and if Lake

Cowan be admitted to l)e the residuum of a cut off arm of the sea.

it is only reasonable to extend the same explanation to Lake
Lefroy, Hannan’s Lake, Lake Yindarlgooda. and Lake Lepage,

which are connected with one another hy plains into which the

margins of the lakes merge imperceptibly, llannan's Lake how-
ever, is at about the KHU) feet level. The ])lain country is trace-

able on to the north almost continuously, though studded with fre-

quent island-like grout)S of hills, to connect with Lakes Ballard,

Barlee, Raeside, Carey, etc., right up to T.ake Way, the elevation of

which is about feet according to Professor Gregory. The
physiogra])hical features of the country round Lake Cowan are

quite similar t{) those of the whole lake tract right up to Lake Way,
and if physiographical evidence is of any value, the shaping of the

land surface has been due to like agencies all the way. At Lake
Cowan we have direct evidence that the lake was once an arm of

the sea. and the conclusion seems irresistible that the marine inva-

sion extended inland along the lake country to beyond Lake Way.
Such an extension would bring it over all the Central and Eastern

Goldfields, unless the relative levels of the different parts of the

country have been altered unequally, of which no evidence has been
brought forward as yet. though there is no inherent improbability

that such may have been the case, and indeed there is a good deal

of probability that it would be so.

According to this theory the present sha])c of the land surface

of the goldfields iq) to at least the 20()() feet level would mainly be

that imi)ressed u|)on it during the re-emergence of the land and
retreat of the sea. probably in Bost-'l'ertiary times, and in the

writer’s opinion the whole of the characteristic features now visi-

ble agree consistently \s’ith those which would be necessary conse-

quences of such a history.

It will be intere.sting to find how this theory will stand the test

of the biological line of argument, for if it be correct there would
undoubtedly be consecpicnces affecting the di.stribution of both plant

and animal life. The theory would require that in Post-Tertiary

times this State has been at times more or less of an Archipelago
in a shallow sea. which would result almost inevitably in some
amount of differential variation of l)oth the fauna and flora cut

off on the islands, 'fhe result to be expected would be that we
should have somewhat marked faunal and lioral provinces, difficult

to account for if the land surface had been continuous for a very
long sjiace of time. 'Phis interesting subject is beyond the scope

of the present i)a])er, and is left to be dealt with by writers more
conversant than the ])resent author with the botany and zoology of

the State.

*N’orseman Railway Station, 927 feet above the sea level.
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LIST OF ORTHOPTEROUS INSECTS RECORDED FROM
WESTERN AUSTRALIA.

By

W. B. Alexander, M.A., Keeper of Biology, W.A. Museum.

(Read 13th June, 1916.)

This list contains references to the literature on the group

available in Perth, including also species in the collection of the

Western Australian Museum, not previously recorded from the

State.

* Indicates one or more specimens in the collection of the W.A.
Museum.
** Indicates type in the W.A. Museum.

S.W. refers to all that portion of Western Australia south of

25 degees S. lat.

N.W. to that portion of Western Australia between 19 degrees

and 25 degrees S. lat.

K. to the Kimberley division, the portion of Western Australia

north of 19 degrees S. lat.

The distribution outside the State as far as ascertained is added

in brackets.

S. A.—South Australia, Viet.—Victoria, Tas.—Tasmania.

N.S.W.—New South Wales, Q.—Queensland. N.T.—Northern

Territory, C.A.—Central Australia, N.G.—New Guinea, N.Z.

—

New Zealand.

DERMAPTERA (Earwigs).

General Literature:—de Bormans, Tierreich, Lief. IL, Eorfi-

culidae {1900 ) ;
Kirby, Synonymic Catalogue of Orthoptera. vol. I.

(1904) ; Burr, I’auna Sudwest-Australiens, Bd. II., Lief. 5, Dermajj-

tera (1908); Burr, Genera Insectorum, h'asc. 122, I)erma])tera

(1911).

Fam. Pygidicranidae {Burr, l.c. 1911).

*I-\'ge shortridgei, Burr—S.W. (Ann. Mag. Nat. Hist. (8)

XIII. 1914).



98

Fam. Labiduridae (Burr, l.c. 1911).

*Gonolabis michaelseni, Burr—S.W. (l.c. 1908).

*G, woodward!, Burr—S.W. (l.c. 1908).

*G. brunneri, Dohrn—S.W. (S.A., Tas.), (de Bormans, .

1900).

*Anisolabis occidentalis, Kirby—S.W, (de Bormans, l.c. 1900).

'‘Labidura truncata. Kirby—S.W'. (Australa) ( de Bormans,
l.c. 1900).

ORTHOPTERA CURSORIA (Cockroaches).

General Literature.—Tepper, the Blattariae of Australia and
Polynesia, Trans. R. Soc. S.A., XVII. (1898) and XVIII. (1894) ;

Tepper, Notes on Victorian and other Blattariae, ibid XIX.
(1895); Kirby, Synonymic Catalogue of Orthoptera, Vol. I.

(1904); Shelford, Genera Insectorum, Ease. 55, Blattidae (intro-

duction) (1907); Shelford, Fauna Sudwest-Australiens, Bd. IL,

Lief. 9, Blattidae (1909); Shaw, Australian Blattidae, Viet.

Naturalist. Vol. XXXI. (1914).

Fam. Blattidae.

Subfani. Phyllodroniiinac (Shelford, Genera Insectorum, Fasc.

73, Phylladromiinae (1908).

Ellipsidion decoratum, Tepp.—S.W, (S.A.) (l.c. 1893).

*E. australe, Sauss—S.W. (Australia).

*E. aurantium. Sauss.—S.W^ (Australia) (Tepper, l.c. 1894).

*PhylIodromia germanica, Linn.—N.W., K. (Cosmopolitan)

(Tepper, l.c. 1893).

P. (?) liturata. Tepp.—S.W. (Viet.) (l.c. 1895).

*Allacta spuria, Brunn.—N.W. ( b'iji) (Te])per, l.c. 1893).

*A. similis, Sauss.—S.W. (Australia) (Topper, l.c. 1894).

Ceratinoptcra ensifera, Shelf.—S.W\ (l.c. 1909).

*Temnopter3^x platysoma, Walk.—S.W^ (Shelford, l.c. 1909).

T. discalis, W''alk.—W.A. (Tepper, l.c. 1893).

Paratemnopteryx australis, Sauss.—W.A. (S.A., Viet.) (Tep-
per, l.c. 1894).

*Escala circumducta, Walk.—S.W. (S.A., Viet.) (Shaw, l.c.

1914).

*Lol)0])tera ( ?) duodecimsignata, Tepp.—S.W. (S.A.) (l.c.

1893).

Siibfam. lipihinipriiiac
( Shelford, Genera Insectorum, Fasc.

101, Epilami)rinae. 1909).

Ca]olam])ra frascrensis, Tepp.—S.W. (S.A.) (l.c. 1893).

C. aspera. Tepp,—S.W. (S.A.) (l.c. 1893).

C. marginalis, W'alk.—S.W\ (Tei)per, l.c. 1893).

Siibfam Blattiiiae (Shelford, Genera Insectorum. Fasc. 109,

Blattinae, 1910).

*Polyzosteria cuprea, Sauss.—S.W. (S.A.).

*P. ohscLiroviridis. Tepp.—S.W. (S.A.) (l.c. 1893).

*P. pubescens. Tepp.—S.W. (l.c, 1893).
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**P. arenicola, Montague—N.W.
^Enzosteria subvcrrucosa. White—S.W. (Tepper. l.c. 1893).

E. nobilis, Brunn—S.W. (S.A.) (Tepper, l.c. 1893).

E. patnla, Walk.—N.W. (^N.T.) (Tepper, l.c. 1893).
'

*E. niitchellii, Angas—S.W. {S.A., Viet., N.S.W.) (Tepper,

l.c. 1893).

Platyzosteria analis, Sauss.—W.A. (Viet., N.S.W., India).

*P. armata, Tepp.—SAV^ (l.c. 1893).

P. atrata, Erichs.—W.A. (Viet., Tas., N.S.W.) (Tepper, l.c.

1893).

*P. invisa, Walk.—S.W. (N.S.W.) (Tepper, l.c. 1893).

P. consobrina, Sauss.—S.W.

P. ruficeps, Shelf.—S.W. (l.c. 1909).

P. rufipes, Shelf.—W.A.
P. curiosa, Shelf.—S.W. (l.c. 1909).

P. obscura, Tepp.—S.W. (S.A.) (l.c. 1893, Shelford l.c. 1909).

*P. scabriuscula, Tepp.—S.W. (S.A.) (l.c. 18931.

P. conjuncta, Shelf.—S.W. (l.c. 1909).

*P. morosa, Shelf.—S.W. (S.A.) (l.c. 1909).

*P. inclusa, Walk.—S.W. (Tepper, l.c. 1893).

P. albomarginata. Brunn.—S.W. (N.S.W^) (/Pepper, l.c. 1893).

P. obscuripes, Tepp.—S.W/ (S.A.) (l.c. 1893).

P. variegata. Shelf.—S.W. (l.c. 1909).

*P. semivitta, Walk.—S.W. (S.A.) (Tepper, l.c. 1893).

*P. coolgardiensis, Tepp.—S.W. (l.c. 1895).

P. hartmeyeri, Shelf.—S.W. (l.c. 1909).

Cutilia heydeniana, Sauss.—S.W. (Tepper, l.c. 1894).

Zonioploca medilinea, Tepp.—S.W. (S.A., Viet.) (l.c. 1893).

*Z. pallida, Shelf.—S.W/ (l.c. 1909).

*Z. alutacea. Stal-—S.W. (S-A. )
(Tepper. l.c. 1893 as Platy-

zosteria ardrossanensis).

*Z. flavocincta, Shaw.—S.W/ (
S.A., Viet.) (l.c. 1914).

*Anainesia polyzona, Walk.—S.W., N.W. (Tepper, l.c. 1893).

A. frenchii, Tepp.—N.W. ( Q. ) (he. 1893).

A. lindsayi, Tepp,—’S.W. (l.c. 1893).

A. punctata, Tepp.—S.W. (S.A.) (l.c. 1893).

Desmozosteria michaelseni, Shelf.—S.W. (l.c. 1909).

D. rufescens. Shelf.—N.W. (l.c. 1909).

*Periplaneta americana, Linn.—S.W., N.W. (Cosmopolitan)

(Tepper, l.c. 1893).

Archiblatta (?) parva. Shelf.—N.W. (Ann. Mag. Nat. Hist.

(8) L, 1908).

Subfam. Panchlorinae.

*Oniscosoma granicollis, Sauss.—S.W. (Viet.).

Subfam. Oxyhaloinae.

Ectoneura margarita. Tepp.—S.W. (Viet.) (l.c. 1895).

S'ubfa in . Pcrisphaeriina

e

.

Pseudoglomeris fallax, Walk.—S.W. (Tepper, l.c. 1893).
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ORTHOPTERA GRESSORIA.

Fam. Mantidae.

General Literature:—Kir'by, Synonymic, Catalogue of Orthop-
tera, Vol. I. (

Subfam. Pcrlamantinac. ( Giglio-Tos, Genera Insectorung
Ease. 144. Perlamantinae. 1013).

*Paraoxypilus tasmaniensis, Sauss.—SAV. (Australia and
4'as.).

^Gyromantis kraussii, Sauss.—SAV. (Australia).

*Phthersigena cons[)crsa, Stal.—N.W. (Q.).
Clioniantis cornuta. Gigl.-Tos,—S.W. (Q.).

Subfam. Ercniiaphilinac.

*Orthodera ministralis. Eabr.—S.W. (Australia).

O. marginata, Sauss.—S.W.
Subfam. MautUwe.

*Archimantis briinneriana, Sauss.—NAV. ( N, Australia).

*A. sobrina. Sauss.—S.W.

’^'lAnodera australasiae, Leach.—K. (Australia. Tas., N.Z..

N.G., Moluccas).

'^Fischeria quinquelobata, Tepp.—S.W. (S.A., N.S.W.)
(Trans. R.S.S.A. XXIX., p. 238, 1905).

Fam. Phasmidae.

General Literature:—Gray. Entomology of Australia, L.

Monograph of the Genus Phasma ( 1833) ; Rainbow. Rec. Austral.

Mus. TIL. Catalogue of the TOescribed Phasmidae of Australia

(1897); Kirby, Svn^nvmic Catalogue of Orthoptera, Vol. 1.

(1904).

Subfam. BacUUnac.

Hyrtachus eutrachelia. Westw.—S.W.

**H. hermitensis, Montague.—N.W. (P.Z.S. 1914 (IT.), p.

048. MS. name?).

Ar])hax ])runneus. Gray—S.W. (be. 1833).

Acanthoderus s])inosus, Grav—S.W. (Trans. Eat. Soc. I., p. 45,

1830).

Subfam Acrophyllinac.

*Podacanthus ^'iridiroscus. Gray
(
?)—S.W. (Q.).

*Tro})idoderus rhodomus, McCoy—S.Wb (Viet.) (Prodr. Zool

Viet., pi. 70),

Vasdissa v\'alkeri, Kirby—K.

Anoplielepis telesphorus. Westw.—S.W.

Acanthomima rhipheus, Westw.—S.W.

*Clemacantha regale, Rainb.—K. (Q.. N.S.W.) (be. 1897).

*Cvphocrania (?) cornuta. 4>])p.—S.W. (S.A.) (Trans.

FLS.S.A. XXrX.. ]). 240, 1!M)5).
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ORTHOPTERA SALTATORIA.
Fam. Acridiidae (Locustidinae).

General Liieraltire:—Froggatt. Agric. Gaz. of N.S.W., Locusts
and Grasshoppers, Part I., Vol. XIV.. p. 1102 (1903), Part 2, Vol.

XV., p. 240 (1904): Kirby, Synonymic Catalogue of Orthoptera,

Locustidae. Vol. III. (1910).

Suhfam. Acrydiinae {Tettiginac) (Hancock, Genera Insec-

torum, Ease. 48, Tetriginae, 1906).

*Acrydiurn sp.—S.W.
Subfani. T}ntxalinae.

*Acrida conica. Fabr,—SAV.. N.VV. (Australia) (Frogg. Ic,

1904 as Tryxalis rafflesii).

*P3ednura viatica. Erichs.—S.W. (Australia. Tas.) (Burr,
Genera Insectorum. Ease. 15, Eumastacinae, p. 22, 1903).

*Stenobothrus propiiiquns, Walk.—S.Wk (Australia) (Frogg.
l.c. 1903).

*Chortoicetes pusilla, Walk.—S.W. (Australia) (Frogg. l.c.

1903).

*C. terminifera. Walk.—S.W. (Australia) (Frogg. l.c. 1903).
Suhfam. Locustinac.

*Gastriniargus niusicus, Fabr.—S.W. (Australia) (Frogg. l.c.

1903 as Locu.sta danica).

Urnissa crythrocneniis, Stab—S.W. (Australia).

Suhfam Pyrgomorphinae (Bolivar. Genera Insectorum, Fasc.
Snh'jam Pyrgomorphinae (Bolivar, Genera Insectorum, Fasc.

90, Pyrgomorphinae, 1909).

Monistria pnstuHfera, Walk.—W.A. (N. Australia).

Suhfam. Cyrtacaulhacrinae.

*Coryphistcs cyanopterus, Charp.—S.W., N.W. (Australia)
(Frogg. l.c. 1904).

*C. cyanopteroides, Tepp.—S.W. (S.A.) (Trans. R.S.SA-.
XVIIL. p. 164, 1904).

*C. nigroconspersus, Tepp.—S.W. (S.A.) (l.c. p. 166, 1904).
^Goniaca australasiae. Leach.—S.W. i S.A., Viet., Tas.

N.S.W.) (Frogg. l.c. 1904).

*G. Hava, Tepp.—S.W., N.W. (C.A.) (Horn Expn. Vol. 11.
,
p.

368, 1896).

*Stropis maculosa. Stab—S.W., N.W. (Australia) (Frogg.
be. 1904).

*S. brunnea. White.—S.W. (Grev’s Journ. Expn. Australia,
Vob 11., p. 470. 1841).

*Cirphula pyrrhocnemis, Stab—S.W. (Australia) (Frogg. Ic
1903).

*C. carl)onaria. Serv.—S.W. (Australia).

Apotropis subpustulata. Walk.—W.A.
*Trigonizel]a hesperina, Tepp.—S.W., N.W. (S.A.) (MS.,

name in S.A. Museum).
Exarna lutescens, Walk.—S.W.
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E. australis, Walk.—S.W. (N.S.W.) (Frogg. l.c, 1904).
*Cyrtacanthacris maculicollis, Walk.—N.W. (Australia)

(Frogg. l.c. 1903).

*C. guttulosa. Walk.—N.W. (Australia).

*EcphantUvS quadrilobus, Stal.—S.W. (N. Australia, Q.,
N.S.W.) (Frogg. l.c. 1904).

Fam. Phasgonnridac {Loc,\tstidac)

.

General Literature :—Froggatt, Agric. Gaz. of N.S.W., Locusts
and Grasshoppers, Part 2, Vol. XV., p. 240 (1904), Part 3, Vol.
XVI., p. 477 (1905) ;

Kirby, Synonymic Catalogue of Orthoptera,
Vol. II, (1900) :

Caudell, Genera Insectorum, Fasc. 120, Locustidae
—introduction (l!n3).

Subfanu GryJIacnnac. (I'epper, Gryllacridae and Stenopel-
matidae of Australia, Trans. R.S.S.A. XV., p. 137, 1892).

*Gryllacris magnifica, Rrunn.—S.W., N.W. (S.A., N.S.W.)
( Tepp. l.c. 1892).

*G. atrogeniculata, Tepp.—S.W. (S.A.) (l.c. 1892).
*G. marmoriceps, Tepp.—S.W. (S.A.) (l.c. 1892).
*G. nigrifrons, Tepp.—S.W. (S.A.) (l.c. 1892).

*G. paulula, Tepp.—S.W. (S.A.) (l.c. 1892).

*Paragryllacris niarginalis. Walk.—K. (S.A.) (Tepper, l.c.

1892 as P. infuscata).

P. ininuscula. Walk.—S.W.
Neanias lepidus. Walk.—W.A.
Eremus camerani, Griff.—W.A.
Apotrechus guttifrons, Walk.—S.W.
Ametrosonius helmsi, Tepp.—S.W. (S.A.) (l.c. 1892).

Sitbfam. Dccticinac. ( CaudelL Genera Insectorum, Fasc. 72,

Decticinae. 1908).

Chlorobalius ( ?) australis. Walk.—S.W.
Rcquena verticalis. Walk.—S.W.
Subfam. Sagiuac.

*Ter])audrus horridus, Bunn.—S.W. ( S.A., Viet.. N.S.W.)
(McCoy. Prodr. Zool, V^ict.. pi. 109, 1885, and Frogg, l.c. 1904, as

Locusta vigentissiina).

Hemisaga denticnlata. White.—S.W. (Australia) (Grey’s

Journ. Expn. Australia, Vol. II., 1841).

II. lutea. Walk.—S.W. (Australia).

Subfam. Tympanophorinac. ( Caudell, Genera Insectorum,
Fasc, 138. Tviupanophorinae, 1913).

*Tymi>anophora pellucida. White.—S.W. (Grey’s Journ.
Expn. Australia, Vol. II., 1841),

Subfam. Copiphorinac (Conocephalinac)

,

( Kariiy, Genera
Insectorum. Fasc. 139. Copiphorinae, 1913).

*Mygalopsis paupcrculus. Walk.—S.W.
Subfam. Agracciiimc. ( Karny, Genera Insectorum, Fasc. 141,

Agraeciinae, 1913).

Psacaclonotus seriatiis, Redt.—VkA.
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P. irregularis, Redt.—W.A.
Subfam. Phasniodinae (ProchiJinae). (Caudell, Genera In-

sectorum, Fasc. 138. Phasmodinae, 1013).

*Phasmodes ranatriformis, Westw.—S.W.
Suhfam. Phaneropterinae (Tepper, Phaneropteridae of Aus-

tralia, Trans. R.S.S.A. Vol. XV., p. 77, 1892).

Ephippithytoidea sparsa, Tepp.—K. (l.c. 1892).
*Alectoria superba, Brunn.—S.W. (S.A,, N.S.W., Q.) (Frogg.

l.c. 1904).

*Caedicia longipennis, Brunn.—K. (Q., N.S.W.) (Tepp.
l.c. 1892).

*C. longipennioides. Tepp.—S.W. (S.A., N.S.W.) (l.c. 1892).
C. extenuata. Walk.—S.W.
C. inermis, Brunn.—W.A. (N.A.).

Torbia elder:, Tepp.—S.W. (l.c. 1892).

Symmachis glaucescens, Walk.—S.W. (Australia) (Tepp. l.c.

1892).

Tinzeda fraserensis, Tepp.—S.W.
*Elephantodeta pinguis,- Walk.—S.W. (S.A,).

Fam. Achetidae (Giyllidae).

General Literature ;—Froggatt, Locusts and Grasshoppers,
Agric. Gaz. N.S.W. Vol. XVI., p. 477, 1905).

Suhfam-. Curtillinae {GryUotalpinae).
*CurtilIa coarctata, Walk.—N.W. (N.T., S.A., N.S.W.)

(Frogg. l.c. 1905).

^Cylindracheta kochii, Sauss.—S.W. (S.A.).

Subfant. Gryllwae.

Nemobius bivittatus, Walk.—S.W.
*Gryllus commodus, Walk.—S.W. (Australia, N.Z., N. Cale-

donia) (Frogg. l.c. 1905 as Gryllus servillei).

Gryllodes sigillatus, Walk.—S.W. (Australia, Hawaii, Mexico,
S. America, W. Indies, Mauritius, India).

G. flavispina. Sauss.—W.A.
Subfam. Myrmecophilinae.

*Myrmecophila australis, Tepp.—S.W. (S.A.) (Trans
R.S.S.A. Vol. XX., p. 149, 1896).

Subfam. Enroptcrbiac.

Eurepa marginipennis, White.—S.W. (Grey’s Journ. Expn.
Australia, Vol. II., p. 467, 1841).

*E .longicauda, Sau.ss.—S.W., N.W.

The foregoing list contains the names of 151 species. Of
these 86 are represented in the W.A. Museum collection. In addi-
tion the collection contains examples of 60 unidentified species, the
majority of which are certainly not included in the list, though
they may have been described from ‘'Australia” with no further
particulars.



DESCRIPTION OF A NEW SPECIES OF FISH OF THE
GENUS EVOXYMETOPON, POEY.

By

W. B. Alkxaxdek, M.A., Keeper of Biology in the Western
Australian Museum.

(Read June 13. 1916).

With One Figure. Plate VIT.

At 4 a.m. on the morning of I'ebruary o, 1916, Mr. W. J.

McLaughlan who was on sentry duty on the beach at North Fre-

mantle, noticed in the dim light an object which he at first took

to be a snake, l)ut which on closer examination proved to be a

remarkably elongated fish of a l)right silvery colour. Mr. F. H.

Peek who passed by a little later, offered to |)reserve the specimen

on ice until it could be forwarded to the W.A. IMuseum in Perth, at

which institution it was duly received on b'ebruary Tth. Tt proves

to be an example of the genus Evoxymetopon. Pocy. which was
founded in 1863, for a fish obtained at Havana now in the United

States National Museum. The only other specimen referred to

the genus was obtained at a depth of 79 fathoms off Alauritius

about the year 1887. Hence the discovery of a third specimen is

an event of considerable interest. The literature dealing with

this genus of fish is as follows:

—

Gill in the Proc. Acad. Nat. Sd. Philadel])hia. 1863, p, 228, de-

scribed the original specimen obtained by Poey at Havana, adopt-

ing Poey’s name of Ifvoxymetopon taeniatus for the genus and

species. 'I'hc si)ccimcn was figured in the An. Soc. I7span. Hist.

Nat.. 1873, Plate V.

Gunther in the Sci. Res. of the Voy. of H.M.S. Challenger.

Zool. XXII,, p. 39. described the example from Mauritius as

F.voxymetopon poeyi, and figured it on Idate XTdil.

Goode and Bean in Oceanic Ichthyology. Washington, 1895,

give a description of .Kvoxymeto])on taeniatus, ap])arently founded

on a re-examination of the type, I'hey also give a very poor

figure (
Fig. 214 )

.

1 have not traced any later references.

To the present example 1 propose to give the name of

Ih'oxymctopon anaac, sp. nov.
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It differs from both E. taeniatiis and E, poeyl in its much
greater relative length and in the larger number of rays in the

dorsal hn. The chief differences are shown in the following

table :

—

Evoxymetopon
iaeniatiis^ Poey.

(Goode and Bean)-

Evoxymetopon
poeyi, Gunther.

Evoxymetopon
anzaCy sp. nov.

(iRHATEST HEIGHT : I I I

Total length 12

Length of head ;

I I I

Total length 8" "8 12

Diameter of orbit :

I I I

Length ot head T ?
Spines of dorsal 87 93 C 120

Spines of anal 19 X + 20 14+

Unforliiiiatcly the tins are a good deal broken, and it is im-

possible to count the rays of cither the dorsal or anal with accuracy,

no doubt these breakages occurred when it was washed ashore, and

if the large s])ine at the commencement of the dorsal found in E.

pocyi was ever present it has disappeared. Tn other respects the

example agrees in its structural features with Gunther's descrip-

tion. the postanal spine is exposed evidently owing to the abrasion

of the skin in that region and just behind it there is a large oval

scale similar to that described and figured by Gunther. I'here is

no trace of the six narrow red<lish bands which Poey describes

in E. tacniatus and if one may judge from Goode and Bean’s

figure, the ridge on the forehead is not nearly so high as in that

species, but agrees with that of E. poeyl

The radial formula is: P»T Dcirca 120, A14d-, CIT, P12, and the

dimensions of the specimen are: Total length 1415 mm., length of

head 120 mm., greatest height, 50 mm., diameter of orbit 15 mm. It

is thus intermediate in size lietvveen the Havana specimen which is

only Ido mm. long and the ATauritius specimen which is 7Sin. in

length.

The specific name of Anzac was suggestd by Air. Peek as being

specially suitable for a fish found in Australian waters and nearly

related to the famous Frost-fish { Lepldoptis caudatus) so well-

known in New Zealand,
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INDEX.

Acanthoderus . . . . . . . . . . . . . . . . 100
Acanthomima . . . . . . . . . . . . . . . , 100
Achetidae . . . . . . . . . . . . . . . . . . 103
Acrida . . . . . . . . . . . . . . . . . , 101
Acrophyllinae . . . . . . . . . . . . . . . . 100
Acrydiinae . . . . . . , . . . . . . . . . . . 101
Acrydium . . . . . . . . . . . . . . . . . . 101
Acryidiidae .. .. .. .. .. .. .. .. .. 101
Agraeciinae . . . . . . . . . . . . . . . . 102
Albany Geography and Physiography . . . . . . . . 45, 58
Alectoria . . . . . . . . . . . . . . . . . . 103
Alexander, W. B ix., xxi., 97, 104
Allacta . . . . . . . . . . . . . . . . . . 98
Ametrosomus . . . . . . . . . . . . . . . . 102
Anamesia . . . . . . . . . . . . . . . . . . xi.

Anliinqa novaehoUandiae xi.

Anisolabis . . . . . . . . . . . . . . . . . . 98
Anophelepis . . . . . . . . . . . . . . . . 100

Apotrechus . . . . . . . . . . . . . . . . . . 102

Apotropis . . . . . . . . . . . . . . . . . . 101

Archiblatta . . . . . , . . . . . . . . . . . . 99
Archimantis . . . . . . . . . . . . . . . . . . 100

Arphax . . . . . . . . . . . . . . . . . . 100

Argonauta . . . . . . . . . . . . . . . . . . xi

Artesian Water Commission Reports . . . . . . . . . . 90
Ashburton River . . . . . . . . . . . . 11, 19, 21

Ati'uria australis .. .. .. .. .. .. .. .. 50

Auriferous Conglomerate . . . . . . . . . . ... 13

Bacillinae . . . . . . . . . . . . . . . . . . 100

Bamboo Creek . . . . . . . . . . . . . . . . 19

Bangemall . . . . . . . . . . . . . . . . . 30

Barlee Tableland . . . . . . . . . . . . . . . . 81

Barr-Smith Range . . . . . . . . . . . . . . . . 81

Black Flag Deep Lead . . . . . . . . . . . . . . 76

Black Range 26. 62. 63. 77

Beach Features . . . . . . . . . . . . 64, 65. 66, 71

“Big Patch” Quinns .. .. .. .. .. .. .. 63

Birqus lairo xi.

Blattidae . . . . . . . . . . • • • • • • 98

Blattinae .. .. .. .. .. .. •• ^
Breakaways . . . . . . . . . . . • • • 65, 71. 73

Bremer Bay . . . . . . . . . . • • • . • • • • xi.

Broadhurst Range . . . . . . . . • • . • • • 32

Brockman Creek . . . . . . . . . . . . • • • • 4

Caedicia . . . . . . . . . . . . . . . . . - 103

Caladcnia Paterson! ix.

Calc'ite . . . . . . . . . . • • • • • • • 19

Calolampra • • • • 98

Campbell, W.D._
^

84, 94

Carawine Dolomite Series . . . . . . . . . . . . 20, 23

Carawine Pool . . . . . . . . . • • • • • • 20

Cape Riche . . . . . . . - . . . . • • • • 49

Ceratinoptera . . . - . . • . . . • • • • 98

Central Plateau . . . . . . . . . . . . • • • 9
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Chapman, F.

Chalcedony
Chert
Chlorobatiris .

.

Chlorine in Crystalline Rock
Chortoicetes .

.

Cirphula
Clemacantha
Cliomantis
Coastal Plain
Coastal Limestone .

.

Collie Strata
Conglomerate
Conocephalinae
Coongan River
Copiphorinae
Cordingup Dam
Corpyhistes .

.

Cottesloe
Curtilla

Cutilia .

.

Cuttlefish

s

Cylindracheta
Cyphocrania
Cyrtacanthacrinae
Cyrtacenthacris

1
,
19

,

. . 50
19

20
,
23
102

86

. . 101

. . 101

.. 100

. . 100

2

46
.
50

,
51

.
53

. . 03 ,
94

.. 11
,
12

.. 102

23
,
67

.
68

,
70

.. 102

. . 86
,
87

. . 101

. . xi.

.. 103

99
X.

103

100

101

102

Darling Range
Darlington
Darwin. Chas.
David, Prof. T. \V. E. D.
Deep Heads
Dry Lakes
Decticinae
Dermaptera
Deemozostera
Diatomaceous Earth
Doolena Gorge
Dolerite
Dolerite Dykes
Dolomite
Doolena Gorge
Drowned Valley and Plains, Albany
Dry Lakes
Drvsdale River

. . xi.

. . 50
,
57

60
. . 75

,
79
4

102

97
99

. . 51
,
56

. . 67
,
70

12
,

18
,
25

,
28
48
11

. . 67
,
70
58

4

17

Ecphantus
Ectoneura
Elephantodeta
Ellipsidion

Ephippithytoidea
Hops sanris
Epierogenic Movements
Eremiaphilinae
Eremus
Erlistoun
Escala
Eucalyptus Lehmanni

102

99
103

98
103

xi.

94
100

102

10

98
xi.
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Etheridge, Robt. (Junr.) .. .. .. .. .. 50
Eucla Limestone . . . . . . . . . . . . . . 74, 92, 95
Eurepa ’l03
Europterimae , . . . . . . . . . . . . . . . 103
Euzosteria . . . . . . . . . . . . . . . . 99
Evoxymeton sp. Poey 104

,, H anaac sp. noz' 104

taeniatus 105

pocyi 105

Exarna . . . . . . • • • • • • • • • • • 101

Eyre Range . . . . . . . • • - • • • • . . 66
,
92

Faults 93, 94

Fischeria . . . . . . . . . . . . . . . . . . 100

Fistularia pctimba xi-

Fitzroy River . . . . • . • • • • • • • • • • 33

Fremantle . . . . . - - • • • • • • .... xi.

Flat-topped Hill . . . . . - . . . . • . . . • • 73

Flood Plains . . . . . . • - • • • • . . 68
,
69

Fossils. Albany .. .. .. .. .. •• •• 48

Foraminifera . . . . . . . . . • • • • • • • 50

Fortescue Gorge . . . . . . . . .... . . . . 19

Fortescue River . . . . . . . . . . . . . . • • H
P'razer Range .. .. .. •• •• 64

Frost Fish {Lcpidotns caudatns^ 105

Gabanintha . . . . . . . . . . • . • • • • • 23

Gabbro . . . . . . . . . • • • • • • • • 29

"Gaps” . . . . . . . . . . • . • • . . 69, 70

Gascoyne River . . . . . . . . . . • • • . • • 21

Garden Island . . . . . . . . . • • • • • • x.

Geology of Albany . . . . . . . . . . . . • • • • 47

Glauert, L. . . . . . . . • . . • • • • • • 50

Gastriniargus . . . . . . . • . • • • • • • 101

Gingin Mesozoic Beds . . . . . . . . • • • • • • 92

Glossopteris .... . . . . . . . . • • • • • • xi.

Goonanarrina Pool . . . . . . . . . . . • • • • • 14

Goniaea . . . . . . . . • • • • • • • • • • 101

Gonolabis . . . . . . . . . . . . • • • • • 98

Grant’s Hill . . . . . . . . • • • • • • • • 13

Grayllacrinae . . . . . . . . • • • • • • • • 102

Great Plateau of W.A. . . . . . . . . . . . • . . 59, 94

Greenbushes . . . . . . . . • • • • • • • • • • 93

Gregory, P''. T. 60

Gregory, J. W. . . . . . . . . . . • • • • 60, 63. 96

Gryllacris . . . . . . . . • • • • • • • • • • 102

Gryllidae . . . . . . . . • • • • • • • • • • 103

Gryllinae . . .... . . . . . . • • • • • • 103

Gryllodes . . . . . . • • • • • • • • • • • • 103

Gryllus . . . . . . . . • • • • • • • - 103

Gryromaiitis . . . . . . . . • . . • • • • • • • 100

Ilackett, Sir J. Winthrop .. .. .. .. .. .. •• xv.

Ilamersley Range .. .. .. . . .. •• •• 11
,

18, 19

Hannan’s Lake . . . . . . . . . . . . • . 75, 76, 96

Hardman, E. T. .. .. .. .. .. .. .. •• 60

Hemisaga . . . . . . . . . . . . • • • • • • 102

Hinde, Dr. G. J 75, 94, 95

Hyrtachus . 100
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Igneous Complex, Albany
Ilgarere Copper Field

Ironstones
Irregully Creek

48
71

23
21

Jasper .

.

Jasper Bars .

.

Jaspilite

Just in Time .

,

Jutson, J. T.

Kadgebut Spring
Kalgoorlie Deep Leads
Kanowna Deep Leads
Kanowna Pug
King Edward River
King Leopold Plateau
Kintore Sandstone
Kirrup Strata
Kunningina Hill

Kurnalpi Alluvials .

.

20
61

23
14

45, 59. 60, 61. 69

76

1, 15

13

75

, 77, 78
77
17

,
17. 18

.74, 78

93
28

77

Labidura
Labiduridae .

.

Lady ]\Iary Deep Lead
Lake Annean

Austin
Carnegie

,, Cowan
,, Darlot Deep
„ Dundas
„ Lefroy

Way ..

Lalla Rookh
Laterite
Limestone
Little Mount Phillips

Lyons River
Lepidotus caudatus
Loboptera
Locustidae
Locustinae

Magnesia Limestone
Magnesite Deposits
Maitland, A, Gibb .

.

Mantidae
Mantinae
Marble Bar
Alarda
Marine Erosion
Marine Sediments
Miocene Beds
Monistria
Monkey Creek
Montgomery,A.
Mosaic Pavement
]\losquito Creek Series

Mount Ankatell

73

4, 11

14,

98
98
75

72, 81, 84

. 72. 81

4

75, 80, 94, 96
77
5

63, 73, 75

22, 63, 81, 84

66, 67, 70

72, 74, 99

. 19. 20
14

11. 21, 30

. 105

98

. 102

. 101

19

84

, 47, 61

. 100

100

23. 66, 67, 70

25
66

' 48

48, 50. 58

101

27
59
64

7

19
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Mount Bruce
„ Egerton
,, Frazer

,, BYew
,, Hann
,, Hart
„ Hunt
„ Jackson
.. Margaret
,, Russel

„ Yagahong
Mygalopsis
M \obatnicJius qouldi
Myrmecophila
M 3^rmeciophillinae .

.

McCoy, F
I\IcLaughlin, W. J. . .

Nallan Travertine .

.

Napier Range
Neanias
Nemobius
Nicoll Bay
Night Well .

.

Norseman IMarine Beds
Nullagine
Ntillagine P'ormation
Nullagine River
Nullagine Series

Nullagine Volcanic Series

Nunngara

63, 65
.
66

,

60

11

7
,
68

15

11

65, 68, 69

64, 65
26

17, 32
11

8

25

11, 12

11, 21

23. 74
102

ix.

103

103

50

104

84
21

102

103

67

87
95
14

29

11

92

19

77

75. 84, 94.

12, 13.

12, 14, 15,

70, 7i' 74,

!! 63.

Oakover River
Oakover River Limestone
Old Peneplain
Oniscosoma .

.

Orogenic ^lovemen

t

Oroya—Black Range Min
Orthodera
Orthopfcra ciirsoria

gressoria

„ saltatoria
Oversight Lead, Bulong

11, 14, 19, 20, 31

92

73

99

94
29

. . 100

98

. . 100

.. 101

76

Paddington Deep Lead
Panchiorinae
Paragryllacria
Paraoxyphilus
Paratemnopteryx
Paterson Ranges
Peak Hill

Peek, F. H
Periplaneta
Perisphaeriinae
Perlamantinae
Phaneropterinae
Phasgonuridae
Phasmidae
Phasmodes

76

99
102

100

98
32

62, 63. 64, 65. 68, 70
104

99

99

100

103

102

x, 100

103
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Phasmodinae
Phthersigena
Phyllodromia
Phyllodromiinae
Physiography of Albany
Physiography of W.A. (Jutsonl
Pilbarra Goldfield .

.

Plains
Plaiitagenet Beds
Platyzostera
Podocanthus
Poison Creek
Polyzosteria
Port Iledland
Prince Regent River ....

Princess Royal Deep Lead
Psacadonotus
Psednura
Pseudoglomeris
Punda Spring - .

.

Pyge
_

. .

Pygidicranidae
Prrgomorphinae
Pyrgomorphinae
Pyrites

Quartzite
Quinns .

.

Rachvcentron canadimn
Ravensthorpe .

.

Requena
Robinson Range
Roebourne
Rooney’s Patch
Roth, Julius

Rhyolite
Rudall River

Salt Rivers
Salts in River and Seawater
Salinity of Waters .

.

Salt Lakes
Saginae
Sand Bars
Sand Dunes and Hills

Sandstone
Sandstone Analyses
Scenery
Sepia longimaiuHs
Sand Plains .

.

Sharks Bay .

.

Shaw River .

.

Sherlock River
Siberia Deep Lead
Simpson. E. S.

Soldiers’ Secret Creek
Sponges Fossil

Sponge Specule Deposits .

.

.. 103

. . 100

98
98
51

9
,
60 ,

61
.
69

. . 65
,
66

0
,
71

,
79

,
81

. . 48
.
50

99

. . 100

. . 68
,
69

98

66
,
67

,
8 .’,

17
,
18

,
32

75
,
94

,
95

. . 102

. . 101

99

24

97
98

.. 101

.. 101

13

11
,
23

,
30

. . 63 ,
72

46
,
50

XI.

86 , 87
,
93
102

62
,
66

,
68

11
,
17

,
68
14

. 89
,
90
19

32

87

. 89
,
90
85

. 4
,
71

. 102

. 55
,
56

51 ,
54

,
81

,
83
11

49

. 61
,
62

. X.

81

. xi.

11
,
68

,
69

. 14
,
29

77
45
21

49
75

,
94

,
95
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Stenobothrus . . . . . . . . . . . . , . . . 101
Strand-line Displacements . . . . . . . . . . . . 51
Stirling Range 61, 66, 92
Strelley River 30
Stropis . . . . . . . . . . . . . . . . . . 101
Sunkenfield, Coolgardie . . . . , . . . . . . . . . 94
Symmachis . . . . . . . . . . . . . . . . . . 103
Synnot Creek . . . . . . . . . . . . . . . . IS

Swan River . . . . . . . . . . . . . . . . . . xi.

Tambourah .... . . . . . . . . . . . . . . S

Tate, Prof. R. . . . . . . . . . . . . . . . . 60
Tenmopteryx . . . . . . . . . . . . . . . . 98
Tenodera .. .. .. .. .. .. .. .. .. 100
Terpandrus . . . . . . . . . . . . . . . . . . 102

Tctradon annilla xi.

Tinzeda . . . . . . . . . . . . . . . . . . 103

Torbia . . . . . . . . . . . . . . . . . . 103

Trafalgar Deep Lead . . . . . . . . . . . . . . t6
Travertine Deposits . . . . . . . . . . . . . . 84
Trigonizella .. .. .. .. .. .. .. .. .. 101

Tropidoderus .. .. .. .. .. .. .. 100
Tympanophora . . . . . . . . . . . . . . . . 102

Urnissa .. .. .. .. .. .. .. .. .. 101

Vasillissa . . . . . . . . . . . . . . . . . . 100

Weathering of Rocks . . . . . . . . . . . . . . 57

Walkinjerie . . . . . . . . . . . . . . . . . . 73

Wells . . 78

West Guildford . . . . . . . . . . . . . . ; . ix.

Wind Action . . . . . . . . . . .. 79, 80, 81, 82. 83

Wiluna . . . . . . • . . . . . . . 63, 69, 73, 81

Wodgina . . . . . . . . . . . . . . . . . . 66, 67

Wyndham .. .. .. .. .. .. .. .. .. 11

Yelina Soak .. .. .. .. .. .. .. .. 24

Zonioploca . . . . . . . . . . . . • • . . . . 99
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