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THE PETROGRAPHY (F SEIDIMENTALY ROCKS
FRONM THE TORQUAY ARSBA, VICTORIA.

. o,

Followin: are descriptions of certain rocks collected
by Dr. H.G. Raggatt in the Torquay - Airey's Inlet area,
Vietoria. Aa the rocks are isvlated specimens, and no general
conelusions applicable to the group as a whole have been drawn,
the preparation of a summary is not warranied.

1s

Most of this specimen is very fine-grained - average
grainsize 0,005 to 0.0025 mm. 1t contains a few guarts grains
of average dismeter 0.1 mm., and also a lititle clay. its
specifiec gravity is 2,58. IExcepting the elay and quartz, the
rock is moluble in hot sulphurie aecid; frow the sclutlon alumine
ium hydrexide wasn preeipitated by addiag spmonium hydroxide,

The greater part of the rock is soluble in caustic soda solution
alsc. Water is gmiven off ou heabing in the closed tube., The
refractive index of the soluble matericl is about 1.557.

Theae teste indicate that the scluble mineral is
gibbgite. The low double refpaction (toc low for gibbsite), as
obegerved in thin seetion, is due to the sextremely fine grain
sige of the minepal. @Gibbsite hag a suecifiie gravity of 2435¢%;
the figure 2,58 is somewhat high, but would probably be account-
ed for by the impurities,

The mottled yellowish grey (5Y7/2) and dark grey (XN3)
substance, which borders and narginally penetrates the gibbasite
as veinlets, was aleo examined, and was found to consist easen~
tially of menimorillonite containing irregularly distributed
angular grains of quartz (averasge graiunsize C.1 mm), which may
cccupy wp te 35 per cent by volume of the rock. kinor constit-
uents are fragments of felsite or chert, black iron ore,
leucoxene, zircon and rutile, The montmorillonite is paitchily
and lightly stained by limonite, and generally has aggregate
polarization,

e Refractive index measurements, which formed the basis
of the determination of the montmorillonite, yielded the
following resultsi~

i« Yellowish grey matcrial 1,515 %
ii. Dark grey material 1.500 ¥

These figures lie within the ranges quoted for different
types of montmorillonite.

Bpizht green materisl {glaueonite
Yop of the Jan

el {glaveond from near the
ue Fopmation, near Bird Rogk.

In the hand specimen, this maberisl is eocloured dusky
green (5@3/2); and hes a somewhat velvety appearunce. Nests
of minote cetahedrs of pyrite are prese.t in small hollows and
open eracks and, to & lesser extent, in the body of the roek.

, Measurements with immersion media showed that the mean
refractive index of the green mineral is approximately 1,560;
this figure is very much below the lower limit of the range
usually stated for the mean index of glauconite, viz. 1.609 to
1.643, and is close %o those recorded by Dallwitz (1948, p@lg
for glausonite from Maslin's Beach, South Australia; it is alse
lower than the actual limits (1.575 to 1.602) found by Glover



(1950, p.15), in glauconite from rocks of the Torquay-sirey's
Inlet arsa. These discrepaucies suggest that chemical and opt-
i¢el work should be done to establish the full ranges of compos-—
ition and optieal properties of the group ol wiacrals broadly
elagsed as glauconite; such work may also throw light on the
origin of different types of glauconite, and on varying condi-

- tions of sedimentation and diagenesis which may be responsible
. for the differences. - '

' In thin section the glauconite is coloured bright
yellow green, and hes embedded in it scattered quartz grains,
shell fragments and foraminiferal tests, and rare pyrite, all
of which make up not more than'5 per cent of the whole rock,
The chambers of the foraminifera ar. filled with glauconite.
Some of the glauwsonite is coarse-grained; one ares which
extingunishes a8 & unit measures 2.5 mm X 2,5 mm.

Part of the specimen coult not be suceessfully sectioned,
gn erushing, thHis was found to consist of guartsz, shell frag-
ments, glaucouite, foraniniferal tests partly or wholly filled
with glaucounite, and claystone.

Only an exceediogly small purt of the glauconite in
the thin section examined is enclosed in the tests of organisms
(foraminifera)., As no c¢lay remuine in the section, it is
probable that glaucoualte hus repleced the elay en masse.
Partiecles of clay observed in crushed material fron other parts
of the speeimen (see gbove, have, presumably, escaped the
extensive glauconitization which has taksu place in the sample
a8 a whole, ‘

It ig therefore, concluded that the bulk of the
glaveonite in this specimen rspresenis an extrene case of
Glover's (loc.oit,, p.10) second class, viz., "glauconite with
indefinite boundaries whichagrade imperceptibly into the
surrounding argillaceffous material®. ,

3 op_of dJan Juc Formetion at Bird Rogk.

The sample is a friable, elastie rock, evasiting of

two distinet portionms, One part, which may be considered as
the matrix of the other, is colowred ver, light olive green
(5Y7/1), and consists mierosecopicelly of shell fragments,
shelle, quartz grains, and glauconite. The other part (the
"eoneretions™) is composed of light olive grey (5Y6/1) claystone
gontaining shell fragments, shells, and & high percentage of

somewhat irregularly distributed glauvcouite; small scattered
eryatals and grains of pyrite can be identified with the ald
of a lens, Where the claystone earries no glaueonite, it has
congpicious shrinkage gracks., The glauconite varies ian colour
betwesn greyish~green {10 GY5/2) aud dusky yellow green (58Y5/2).

_ The mutual sclabicnships of the two purts of this roek
ean 10t be conclusively debermined fpow the sgsecimens at hand,
However, it appsurs probable that the more argillaceous glaucone
ite ~ pich maeses have been 12id down iu the troughs of water-
curpent ripple marks. Conditions wnere tuls could happen are
consistent with those under which much glauconite is now thought
to have formed (Lochman, L9499, p.56; Irdey, 1949, ppa90=-91)s

A concretionary mede of origin {or the nmore highly glauconitic
and quite distinet type of prock, seems to be impossible. '

The "matrix® is composed of shell fragments, clay which
is mogtly bonded by calcite, quartg graiusg, glauvconite, and
forgminifersl teats. Microseopieally, it i1s impossible to
eastimate, oven approximately, the ratioc of carbonate to clay;
however, it is elear that the percentaze of elay is very mueh
less than that of carbonste. The guartz grains are angular,
and have an average size of 0.07 mm; they nmske up 15 to 20 per
cent of the rock. Glauconite is present to the extent of about



3 per cent. Mest of it belongs %o Glover's first oclass -
that isy it is or was included in tests of organisms, partic-
ularly gastropods, foraminifera, and parts of echinoid plates.
in some oases only the ouber chambers of foramiunifera carry
glauconite; however, most of the forumiaifcral tests are free
from this mineral. ~ Only a few of the broken echinoid plates
contain glausonite, and mostly only a group of pores in any
one plate fragment is filled with glauconits. sSome of the
glauconite falls into Glover's second class; generally, this
glauconite takes the form of oval o semi~oval and irregular
masses with sharp boundaries, and appears uot to have  been
enclosed within tests of organism at any time. in addition,

a few oval grains ((%) eoprelitic mud) show only ineipient
glanconitization, a stage in which a strong overall tinge of
green has been imparted to the originally brown graine S
Finally, & little of the glaucomite has "iadefinite boundaries”
which appear to grads imperceptibly into the surrounding
argillaceous and calcareous matcrial (Glover, loc.cit.,p.l6).

Accegsory minerals - blaek irou ore, pyrite and
zircon - are wvepy rape in this part of the rock.

The "matrix® is = clayey, sandy, snd shelly,

galcareous galearenite, carrying a susll percentage of glgu-
geni E € ’ :

The glaweonite~prich rock gssociated with that
deseribed above, differes from it in the following wayss-

i. Quartz is less plentiful - it mekes up 5 to 7
~ per eent of the rock asf@ainst 15 to 20 per
esnt in the "matrix®.

ii. ©Clay is much mere plentiful, and & high propor-
tion'of it is noﬁ beonded by e¢alcite,

iii. @Glaveonite is an important constituent., It is
~dirregularly distributed and nakes uvp about 15
per eent of the rock.

) ‘ Thus, the major censtituents of this portion are
calcite (a8 broken and unbroken shells), clay, glauconite,
and quartz, in deecreasing erder of gbundance. igcessory
minerals are guite rare, and consist of pyrite, black iron
ore, prohabiu mare aita,_agﬂ fine flakes of muscovite. The

gilty, cglecareous calear~
nd shell m&“ﬂ’ penta.

* Recognisable shell fragménts and corplete skeletons
comprise lamellibranchs, foraminifers, gastropods, echinoids
{parts of plates and spines), and bryomoa. Fepforated op
ornamented spherules or cylinders of calcite,representing

organismé or psarts of organisms, are couspicuous in soms
- places, but ocedpy probably less than 0.1 per cent by voluze
of the rock. ' - L

&
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The pyrite, which ocecurs as irregular gralns, cubes
and octahedra, is generally enclosed in or e¢losely associabed
with glauveonite; it is commonly bordered by bleck iron ore,
geparate grains of which are also scattered through the rock.
The {(?) marcasite is found as aggregates or strings of minute
grains embedded in the clayey, calcareous cement, znd is
accompanied by varying amounts of black iron ore.

Glauconkie occurs in all of the ways previously
described for the "matrix®, but dominantly as sharp-bordered
oval and irregular grains, as distinet from in-fillings of
shells, It appears to have been derived from clay or from



coprolitiec pellets, and its abundmace is a relflection of

the ehundance of elay in this portion of the rock, as compared
with the "matrixz™.  The predominancs of this typs of glauveon~
ite lends support to the idea that mud, and not biotite, is
commonly the progenitor of this mineral.

4 few of the masses of glaucouite simply grade oub-
wards by deerease of thet mineral into the suprounding eclay,
and in other easea clay is only lightly impregnated with glau-
conite; both conditions suggest derivation directly from clay.

Hany of the ?ﬁﬁbaﬁlé é&yfﬁlitia pellets now converted
t0 glauecenite eontain minute grains of quariz (see Figs. 45 and
7, Takahashi and Yagl, 1929, p«+8L5). |

. The glauweonite whieh eccurs in tests of organisms
does not completely £ill the cavities in every case, but appears
to have shunk sway from the walls; this condition is particularly
conspicupus where the mineral is contained in the openlngs of
a bryozeal skeleton, In some plages the tests are partially
broken and/or dissolved, but the original shapes of the eunclosed
clguconite mamses ls retained.

411 the glauconite shows aggregnted polarization.
Itg refractive indices are aga:n lower than those wsdually
recorded, and vary from one mess to anothurse Lost aggregates
have & R.I, of about 1.565, but some fall below 1,360, end
others rangs above 1l:570s+ This gpparent lack of constancy
in somposition would make definitive chemiecal and optical work
impoasible, but would still allow significant generalised dats
%o be obtained. -

b,

' A mediwm~grained, clastie, current-bedded rock,
whose colour varies according %o the limonite coutent. The
redominant celours are shades of dark yellowish orange (1OYR
gaﬁjﬁ to 1OYRE,5/8). Other bands grade with ivercase of
limonite inte dark orange-~brown {(1OVRL/6); a navrow limonite-
poer, pale greyieh yellow (Y8.5/4) bend is also present. A
clayey filling found in gracks is eoloured light brown {5YR5/4)«

ﬁiﬁg@ﬁéﬁyiﬁ&il&, the rock is sesn teo consist mainly
of guarts and limonitic clay. : .

g The guaprts grains are subeangular to angular, and
they fall into two grewups acecording to grain sigze. The cosrser
graing average 0.08 mm, and the finer 0,025 mms Only rarely
are the coarser gquartz grains in contact with one gnouther -
they are commonly separated by & metrix consisting ef fine quartz
graine and/or clay impregnsted with limonite.

Uther components observed in thin sestion are
rounded fragmenbs of probable shale, 0void and aemie~ovoid pellets
{ possibly coprolitie in part, und possibly also representing
leached snd altered glauconite), rare black iron sre, lLeucoxene,
mugeovite, aeld plagloclsse, micerocline, a Cragusnt or two of
pusaible spherulitic seid voleanie rock, aud very rare sirgon
and glaueenite. In a concentrate obtained by panning the follow~
ing minersls, in,order of abundance, were prese:nt -~ ilmenite,
zireon, leuwcoxene, tourmaline, rutile, sphene, magnetite, glau-
conite, blue corundum, and probable celestite or barytes. Sub-
stances traceable to g basic volecanic origin are gbment as far
as can be determined,

- The quartz grains, including those of the matrix, nre
feirly evenly disbtributed, but the clayey limonitic metrix, shale
fragments, and oveid pellets tend to be more concentrated in ill-



dafined and irpegwlar bands snd clots. The estimated percent-
age uemga&itiaa gf the rock is ags follows - guartz of fine

sand grade 60; guartz of silt grade 18; limonite-stained clay
15; and shale fragmanta, avexé pelle%s, snd accessory minerals 7
The reck is & 1} £ L L1ty fine sandstone {limonitic-

' (in.éaaaribinx the colour of this roek it was agmin
found necessary to guess al colours and coin names and gymbols,
which de aat appear on the colour chart, viz., 10YR5.5/6, >
1OYRY/6, 5%6Y8, 5/&; this last ﬁymbal may be impossible, as the
highest figuwre for lighiness is 8, but the dolour referred to
is decidedly lighter than 5?5/&} '

5

This is a friakble, mottled rock with tha texture of
a elaymptone; it ie externally and internclly traversed by a
network of ghrinkage ¢racks, The prineipal colours giving
rigse %o the motiling are moderate red (5RL.5/k) and dsrk red
(5R4/k)s Another prominent colour is pale yellowish grey
{Jf? 5/2)s but this appears mainly in one bund; scattered pale
greyish yellow {5Y8.5/L) flecks are also present.

EicrﬁSQBpie Wiy, the rock is found to counsist of a
fine~grained, dark yellowish brown (10YRL45/2) matrix in which
are smbedded very irregularly shaped fragments of devitrified
glass and angular fragments of quartz.

The matrix is veleanic ash., It is invariably
darker than average in & zone about 0,025 mm., wide round the
borders of the glass Tragments. Varistion g“ conesntration
of clots and disseminabed particles of hasmatite in the matrix,
imparts the amﬁtling to the huaﬁ agasimeﬂ*

The eutliines of the glas» fragments are axtramaly
ragged; as would be expected in g tuff., Their averege size im
about 0.3 mm., and ths largest measures 1.25 mms guartz grains
are included in soms af the faagmentss .

In the slide ab hand the éimaas ons of the quartz
grains varies between 1.75 mm. and 0,01 ., but most are sbout
U3 mm.across, Shatbering in a few gruina evaf irme. the -
suggested explesive voleanie setion. Felspar may have been
present, but, if so, it is now aa much ultaweﬁ that it ean no
Longer be digti iguish@ﬁ*

Single graing each of gzirecon and tourmaline were
the only accessories noled,

Phe estimated percentages of the major constiiuents
are -~ haemgtite~stained ash 67, devitrified glasa 19, and
quarts 1i.

The rock is en geld ggbs
of &eviﬁg£f$aa gless waa of quartgs

P
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The specimen is g fine-grained, clastie, friable,
and esarsaly mottled rock whose eclourlug varies betwesn dusky
yellowish brown {(10YR2/2) and light yellowish brown (mmﬁ/e).
Bedding is not prominent; where visible it is in the form of
discontinuous bands of varyimg eolour from 1 mm. to sbout 1 em.,
thick, and showing evidence of current action. Only scattered
flakes of museovite can be conclusively identified with the
ald of a lsaa¢



On gtrong heating the rock is bleached znd gives
off an odeur of burning eaal«

For micreseopic sxamlaatian the a&rkaat part of the
roak haa been aee%ianed.

uaartz ia the dominant mineral. Vvery few of the
greing gre rounded; most are angular, some arc splintery, and
& few subangular. ”heir grainsige is fairly unifﬁrm, and
MV“ﬁ&ge& 6.@5 W o

The quartz grains are set in a matrix of carbounaceocus
clays This matrix may oecur interstitially between the
guartz grains or as irregular c¢lots and bands containing a
few grains of quartz, serigite, chlorite, marcasite, and
felaltie igneous rock or shert; the size of these included
grainag ranges from Q.05 mm. down to 0.U05 mm. or less. In
colour the carbonsceous clay varies betwe.n very durk erange
brown (10YR3/6) and dusky orange brown {103&2/6),aepanding
on the degree of concentration of carbonaceous matter. The
¢lay has probably been derived from s vegelable slime., Small
irregular bands and clots 0¥ brown cosl reyresent sirong
congentrations ﬁf aarboﬁaQEGus matter,

Uneveunly distributed through the rock ave fragmenta
of a chloritie mlﬂeral, posaibly aliered und leached chamosite,
ocourring in grains of about the same size of thoge of quarts.
Thie mineral is lengib slow and biaxial aegative with low
optie aximl angle; it has micaceous »laavaga :nd straight
extinetion, may be faimtly pleochroic, aad he.s a double
refraction of a@praximataly 0s005. In eolour i} varies between
pale greyish yellow (5Y8,5/h) and dusky yellow (5Y6/k); this
varigtion may be partly due to staining by organie mat@rlal.
Some grains show aggregate polarization,

Minor eonstituenis, in roughly decreasing order of
abundance, are chert or fragments of felsite, marcasite,
muscovite, leucoxsne, fﬂlupar {acid plagioclase, orthoclase,
and mierpeline), brown and green tourmaline, Zipcon, very rare
glauconite, ilmenite, monagite,and (?) cassiterite, The
lzat three minerals were found in the residue obtained by
panning.

The sectioned portion of % n ock consists of an
estimated 50 pcr eent quartz, 38 par? ayey and ecarbonacsous
eement, 5 per cent chlorite, 2 per cent (?) chert, and 5 per
gant nth&r @@natitmanta. and is a wls g~b@nannv

(It is %0 be n@teﬁ that, in &@ﬁOfiblug the colour
of the matrix of this rock, the eolour numes very dark orange
brown and dusky orange brown are used. These col.urs do not
appear on the colour chart, and so the above colours and
their names were chosen more or less by guesswork. The
colour pale greyish yellow for the chloritic mineral was
arrived at in a siumilar way). ’

7 - 4ddiscot Formation.

The sample is a friable, non-bedded, mediumn-grained
elastie reek, in which only scattered flekes or riuseovite ean
be microseopically identified. In one arsa small dark elots,
apparently rieh in carbonaceous mateprial, are vigible. The
colour of the roek is very pale yellowish brown (1OYR7/2).

ﬂiaraaaaplcally the rock is seen to consist esasent.
isily of even-grained guartz grains in & matrix of eclay.
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The quariz gyaina ars angular to snbmamgnlar, and a
few ars agilnﬁ&rw» ‘Thelr avorage grainsize is 0.07 mms

The elay in unevenly distributed and is varyiongly,
tﬁaugh lightly, steined by limonite,

Other copsbtitusats of the rock are rounded fragments
of felsite or chert, Lovcovxsne, ilmenite, brown ana green
tourmualine, ehlorite similar to thut in the Demon's Bluff Formation,
mugcovite, felspar (acid plagioclase, opthoclase, and microcline),
gircon, PEFe granular liwmonite, and very rave epidote and probable
glauaanita. In a dish eoncentrate rubile sud g little monagite
ré found in addition; this concentroils also revealed some

aﬁfewta Wwatepr~elear, doubly-tepminated crystals of zireon, whieh
may have T®emed Guring dlegenesis. No carbonate was noted in
the slide, but slight effervescence took place when the rock wes
abtacked with eold dilute M1, and further effervescence occurred.
in het consentrated HGL."

@he rock Eﬂﬂﬁiﬂﬁﬂ of sbout 55 per cent quartz, 38 per
cent 1&&6&1#& ataiaeé a&ay, amﬁ ? pap gent other minerals,

A
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