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INTRODUCTION AND PREVIOUS RESEARCH.

The present work i8 a condensed summation of a long series of resea,rcﬁejg.
conducted by the aumthor in the Hunter-Manning-Myall region during the. lagt
hfteen years. Throughout the period 1920-1928 a detailed examination was
made of the Carboniférons, and to some extent of the asscciated Permian rocks,
in a belt about 12 miles wide, extending from Raymond Terrace to Scone. along
a length of about 60 miles. T

The stratigraphy, physiography, petrography and, in particular, the
striuctural evelution of that region were dealt with fairly exhaustively in-a
series of papers (Osborne, 1920-1929).

In the following decade extensions of these researches were made to the
country north and north-east of that already deseribed, and it was soon clear
that tather special stress conditions had operated in the Hunter-Manning
province during the deformation wrought upon the rocks throughont. the late
Palteozoic diastrophism. Some attention was drawn to this in a joint paper
with 5. W. Carey (1937), and further information about the structural problems
of the Upper Pal®ozoic rocks was given in three papers (Osborne, 1938, 1940,
1944). |
The special characteristics of the Hunter Overthrust (part of the
Hunter-Mooki Thrust Systern)} had been fully described (1926-1929) when
dealing with the overthrust block, while adeqguate description of the Fault-Zone
was provided by H. G. Raggatt from the standpoint of the Permian Province.
south-west of the Thrust Line in the Lower and Middle Hunter Valley. |

These special features were investigated experimentally in the geological
laboratories of Harvard University. A model was constructed and some
experiments conducted with a teetonic revolving device fashioned by D. T.
Griggs. Interesting results were obtained (see Osberne, 1944, p. 21).

Since 1935, after reeonnaissance work on the Hastings and Manning Valleys
had been done, intensive mapping of much of the region shown on Plate I was
carried out. Places of very mgged or difficultly accessible character were
dealt with in reconnaissanes fashiom.

A vision oi the importance of the whole area in elucidating the course of
the late Paleozoic diastrophism in this part of the State and its relation to earth
moventents of similar age in other parts of eastern Australia prompted and
stimulated the writer to examine systematically the area according to the
following plan :

(a) To map the boundaries of the main series or formations and thus

delineate the broad areal geology and establish large structural features.

{0} To make less detailed observations where either (i) the .terrain and
tectonic conditions were fairly nmiform, or (ii) the forest or sand cover
prevented detailed examination.

(¢) To map in full detail (nsing structural indicators for the pnrpose) varions
eritical areas or struetural elements which, in one way or another, and
with varying degrees of importance, give data of a determinative
value, contributing to an understanding: of the evolution of the whole
region.

(d) To interpret by detailed observation and analysis the changing tectonie
environment from place to place.



Altogether about 7,000 square miles hav?, now been gxmnincd, ':mf-i :1;
maps (Plates I and III) show the exfent of this work. 1t is necessary to sas.
that of the ares shown, geological details of two small areas have beel 1:_;11::;;
from papers respectively by W. R. Browne (1926) and Beryl Scott {18100
These areas, however, have been studied fairly fully by me.

Tn the course of this project the anthor has had some assistance from seniol
students of the Department of Geology, and to these gent.le.guen he 15 vern
grateful. Some of these associates have carried out specified tield work under
his direction in certain sectors of the area now under review. This work wuas
sometimes in the nature of field studies required for honours degrecs. T levis
anch aetivities were in the Timor District (A. V. Jopling and F. W. Lancaster;,
the Gloncester Distriet (P. B. Andrews), the Stroud Distriet (M. R. Bankyy,
the Buliahdelah District (B. P. Webh), and in the Scone-Murrurundi Scetor
(P. Macleod, A. F. S. Nettieton, W. J. Goodman, the late A. A. Northey. J. (.
Webb, W. K. Sneddon and T. D. Hughes). With some of these ussociades
the writer, as senior author; has contributed descriptive papers, and rthese hav
been considered in the present monograph, the areas concerned now bemnu
freated from the genetic standpoint.

Over the long period of research I have profited greatly by the encouragetnent
and unfailing sympathetic interest of Professor L. A. Cotton, and have bad
many helpful discussions with Ir. W. R. Browne. Residents in all purts o
the region {tco numerous to mention by name) have made the field researches
a3 very great pleasare, and have in various ways facilitated travelling and

accommodation arrangements. To all these people my ecordinl thanks are
tendered. |

The work has been made possible, very largely, by reason of substantia!
grants from the Commonwealth Research Fund over several years, il the
author 18 anxious to express his gratitude for this vital linaneial assistance.

RELATION OF MONOGRAPH TO OTHER UPPER PALIOZOIC
RESEARCHES,

The present work may be said to find its place as one unit in a scheme of
geveral large-scale contributions to the stratigraphical and structural weoloyv
of the Upper Palwozoic rocks of New South Wales that have been made by
various authors since 1920. These may be listed thus :

(a) Besearch upon the Permian rocks of the Lower and Middle Hunter
Valley by H. G. Raggatt (1922 to 1940).

(b) Research upon the Lower and Middle North Coast Districts of N.5.W.
by A. H. Voisey (1937 to 1945).

(¢) Reseéarch upon the Werrie Basin by S. W. Carey (1934 to 1937).

(@) Research upon the North-west Coalfield of N.8.W. by F. N. Hanlon
(1947 to 1949). '

. The first of thgbse.proje(':'ts (_H.G.R.) was conducted more or less concirrently
with the first main investigation by the author (mentioned above), and the

remainder have been carried out subsequent to that investigation providing
much data of correlative interest and contributing considerably to our knowledec
of N.S8.W. geology. ¥ !

The plan in the present work is to describe coneigely the many struetural
elements in the large area under treatment and then to develop an evolutionary
discussion indicating the fectonic progress in late Paleozoie time.
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GENERAL GEOGRAPHY AND PHYSIOGRAPHY.

The region embraces the following seetors which constitute parts of the
(‘ounties of PBrisbane, Durham, Hawes and Gloucester :

(¢) The widely drained Upper Hunfer Valley and the northern and
north-eastern gide of the Middie and Low.er Hunter. Here great
diversity of physiographic development is present.

(¢) The Barrington Tops or Barrington Tableland and associated Mt.
Royal Bange, a ‘“‘leg and boot 7-like prejection from the Liverpool
Ranges.

(¢) The Upper and Middle Mspning River and its tributaries.

(d) The Karuah and Avon River Basins.

(¢) The Myall River System and north therefrom, the minor Wollamba
and Wang Wauk Rivers.

(f) The Myall Lakes and Wallis Lake areas, and the associated ecoastal
lowlands.

{g) The lowland between Raymond Terrace and the drowned valley system
of Port Stephens.

There are very marked econtfrasts in the topographic features and

physiographic expression throughout the area.

The north-western boundary of the area described consists of the eastern
Liverpool Ranges, whieh rise with broken profileg to a maximum of 4,850 feet
above gea-level in Wombramurra Peak. F¥rom the western end of this seection
of the Liverpool Range (where the Gap or Pass near Murrurundi is situated)
the western and south-western boundaries of the area run approximately along
the margin of the Carboniferous belt, more or less adjacent to the Great Northern
Raillway and the New England Highway. In the Lower Hunter region the
Lochinvar Tlome has been included becanse the anthor has nundertaken a detailed
study of this, the most important structural element in the Permian of the Lower
Hunter Province and a unit indispensable in any evelutionary treatise dealing
with the interrelations of the Carboniferous and Permian areas on opposite
sides of the Hunter Thrust.

The northern boundary is approximately the Manning River except for
its lower section, and then the bounding line runs south-eastward towards the
coast at ¥orster. Thenee scuth the eagtern coast of N8 W, marks the limit
of the arvea traversed.

It will be seen from the map (Plate I) that a remarkable radial drainage
pattern characterizes the ineidence and geographic distribution of the strear.s
of the area. These radially disposed rivers and creeks were thus largely
consequent in the initial stages of their evolution, but a complex superimposition
of subsequent and other stream faecies has thken place since the early part of
the physiographic eycle. The eoign or hub of high ground from which the
streams radiate is called the Barrington Tops, and associated with it in f:hlh
geomorphic design is the rather ili- deﬁned Mt. Royal Range, of which the * Tops »
form « kind of offshoot. The abrupt fall of the country immediately south of
the Barrington Tableland., where a great southward-facing searp is present, and
the less abrapt but very rugged facets on the sonth-east and east of this tableland,
contain the headwateis of mapy streams, large and small, which make then'
way ultimately to the Lower Hunter or to the Middle Manning.

Some of these streams (the Paterson, Altyn, Williams, Chmhester and the
Wangat) flow on the west gide of a notable physiographie and structural complex
Enown as the Stroud-Gloueester Trough, while others swing to the north of this
great structure, by-passing it as it were, and make entry into the Manning
syatem.
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Within the Stroud-Gloucester Btructure, proceeding northward, 15 Lhe
Avon system (2 .small river), while draining the Trough to the south is the Karish
River, which empties into Port Stephens.

A fairly noticeable division of the eastern part of the Province into three
physiographic regions is brought about by the existence of the Stroud-Gloneixter
Trough. These regions are the Dungog-Olarencetown geetor on the west, the
Trough itself, and the Myall-Wallis Lake labyrinth on the east.

The first-named is largely influenced in its physiographic developens
by many powertul faults; the second is a splendid example of 1 compiex
geological structure providing pronounced physiographic control ; and  the
third region i8 digtinetive by reason of the abundanece of lakes, occupving the
partly drowned and partly silted areas of a late Pleistocene and Recent drainade
system, totally unlike the pregent systems that remaiu in the vouthful wnd
mature stage in the country to the wesi.

Over the whole ares, a8 might be expected, there is a eomplete ringe of
geomorphie features to be met with in a complexly evolved sertes of PV TS
which, first being consequent, have been modified by subseqnent characteristics—
rivers developed in an uplifted block where the highest point reaches 5,000 feef
aboveé sea-level and where within 70 miles of the eoign or hub at the Barrington
Tops the base-level of the sea or intermittent tidal lake is to be found.

A study of the valleys shows every type from completely indiscriminan:
yvouthful through modified-youthful to subsequent-mature, and senile and
antecedent types. Evidence of geological control of the morphological featuves
by units of varying lithology and structure is prolific and there are muny contrisis

in pk{ysiographieaal environment related to the varying incidence and amonnt
of rainfall.

T}lg y'egetaiti'onal_distributio'n prosents many interesting problems of ecolowy,

and vivid manifestations of control of vegetation by a combination of vari R
geo}o,glcal, pedolegical and climatic factors are presented in many districts.
ere are such contrasts as the snow-gum and tussock areas of the Barrington
Tops, and the tea-tree, Casuarina and mangrove swamps adjacent :*uh e

lake-lands, while a third facies is that of sparsely vegetated sandhill country
vielding a zerophytic flora. - parsely vegetated sandhill country

GENERAL GEOLOGY.

g _der t:he greater part _Of the region sedimentary and associated voleanic
rocks "?‘?‘mt"te the outerops. These comprise representatives of the Devonian,
Car_bomferona and Permisn systems, while various loosely cemented Tertiary
Pleistocene -and Recent detrital deposits are present in I}la-ny places o

‘ thAn ex';tﬁnsive region of Tertiary basic lavas and associated basic sills oceurs
in the nox -western part of the region, and a great development of the same
rocks characterizes the Mt. Royal and Barrington highlands. In many places
small volcanic necks may be seen. Some of these are of normal dolerite : someo
are of quartz dolerite, while gome have teschenitic affinities. o

Apart. from the basie sills just mentioned, the onlvy i i

. . -w . # g m -. - mtr ' l .
recorded are certain granitic inliers which _oc’cm* nearyGum;lymv:a,:g C(l;ft:-3 igngz
(probably of late Middle Dev_qman age) and larger granite aréa:s of m{,,,j)lv
Aaonan B sod Omages oriferons) age, which occur in the upper parts of
Mognan Brook and adale Brook and between these localities and the head

On the Barrington Tableland are outero '
S un ok . _ t > crops of quartz mo ite ¢

granodiorite. These rocks sometimes rise above the [e(irel of the Iibza?s%? ﬂ;i(:;
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STRUCTURE OF THE HUNTEBR-MANNING-MYALL PROVINCE, 9

which are so strongly developed in that region. Xt appears that the bagie lava
has flowed around many residuals which must have risen eonspicunously ont of
the well-developed early Tertiary peneplsin. This peneplain is indicated in
many places by the nature of the pre-basaltic surface, ‘which can pe deciphered
by a study of the physiography. (On the geological map small basic necks and
small granitic and monzonitie inliers are not shown, as it would be impracticable
to do s50.)

It is not proposed in this monegraph to digenss the intrugion tectonics or
petrelogy of the many acid and basie intrusive rocks, nor 10 deal with the
petrology of the basic lavas. In so far as it is necessary to refer to any of these
rvocks in discussing the evolution of the tectonies of the region, some mention
will be made. "

Thus we pass on to present a summarized account of the stratigraphy
on which to buwild much of the stractural interpretation, since the main tectonie
provinees have been delineated by mapping structural indicators. Further,
the influence of overlaps in the present distribution of smaller structural elements

has been important.
DEVONIAN.
The oldest rocks known in the region are of the Devonian System.

HRepresentatives of possibly Lower Devonian and of Middle and Upper Devonian
are present.

Famworth Series (Lower to Middle Devonian).

These rocks are developed strongly in the rugged country of the headwaters
of the Hunter and Manning systems, and also in the main Upper Hunter and
Middle and Lower Manning valleys. The slopes and foothills of the Barrington
and Mt. Royal Ranges expose good seetions of these strata. .

In the country between Gloucester and the Barrington region, and also
to the east and north-east of Gloucester, these rocks form part ef the structures
which border the Stroud-Gloucester Trough. ,

The most important struetural area within whieh the Tamworth .'S.,enes
has been examined is the Timor Anticline, where a very important limestone
group is found. s wnd Eoflitic tuffs. comrse

The Tamworth Series comprises keratophyric and spilitic tuifs, TS
breccias, cherty claystones, cogglomErateﬁ', thythmically banded chert-tuff
units, with intraformational breecias and slumip-bedded phases, and limestones
with a rich and varied fauna. olv determined. thicknesses

The ; oximate, and in some cases the accurately determined, thick i
of thehga;ﬁs Sofﬁl?gf,}g I;dta,ted in the sequel when various stractural units are

being considered.

Altered T'amworth Series (partly the Eastern Series of W. N. Bﬂnﬁo;;i . _—

In the neichbourhood of the serpentine infrusions which occur on the
horthern fringe i%)f the area, large areas of ‘fihe Tamworbh Series hm{f been.. ilﬁixl;ﬁ
by deformatory and metasomatie agenecies. These IO.C]&S are tt }% -equi 1fs
of parts of Benson’s Eastern Series (see Benson, 1911) bnt’hmt — reglt_In;, the
ot appear to inclnde the most drastically altered facies of tugij ’?eﬂe&a’i Shic
present research the writer hag always been able to identify suificient diagnostic
evidence to determine the rocks as altered Tamworth units. hatter
shearing and jagperization. The probable origin of the jaspers |

below,
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Baldwin Series.

The strita intervening between the Tamworth and Barraba Series in New

England and elsewhere have been described as the Baldwin Agglomerates by
Benson (and others following him). The {ype of facieg throughout this member
of the Devoniai sequence varies greatly, but certain characteristics distinguish
the strata so that one is able to refer many clastic unitz confidently to this
group.
i '.II)u the gorges radiating from the north and north-east sides of the Barrington
Plateau these rocks are prominent. They are found also in the country west
and north-west of Gloucester. The main types are keratophyric and rhyolhitie
taffs, coarse and fine breccias and oceasional agglomeratic phases :ind cherts.

Barraba Series.

These rocks are Upper Devonian in age and appear to be mainly freshwater
in origin although some horizons contain Radiolaria. Fosgil plants ave
commonly developed throughout the series, being prominent in bands near the
top of the group. The remains are practically entirely of the Lepidodendron
flora, the chief species being L. australe.

When fresh, they include claystones, mudstones with tuff-bands, fine
breccias and tufis with oceasional conglomerate bands. The colowr and texture
of the common wunits are characteristic. Thus the wmundstones, when fresh,
are blackish-grey, and present an almost eoal-black appearance to the weathered
crugt of the ground where they outerop.

The tuffs throughout the mibdstones are of a whitish colouwr and stand out
in contrast with them. It is by the presence of these tuff-bands at frequent
intervals that one can distinguish the Barraba sediments from the suceeeding
Burindi mudstones.

CARBONTIFEROUS.

The four main divisions to be cousidered in this preliminary stratigraphy
are the Lower Burindi, Upper Burindi, Lower Kuttung and Upper K,iittun'éf
Series. Of these, two (the Lower Kuitung and Upper Burindi), are approximatels
equivalent in time, but represent contrasted facies developed in the late Lower
Carboniferous (for principles adopted here, see Carey and Browne, 1938 )-.

Lower Barindi Series,
A large portion of the area congists of these strata.
The following unity are present :

(1) Mudstones of an olivine-green and brownish-green colour frequently
plant-bearing, with L. veltheimianum and L. osbornei well d@V@]OIJt;ﬁ. )
(ii) Tuffs of great variety in texture and composition. Some
quartzogse. These are frequently fossiliferons, |
abundance of brachiopods, pelecypods, gastropods, bryozoa and some

trilobites and ecrinoidal remains. Some distinctive fine tuifs with

almost microscopie erinoid stems are common in t :
. N - L ¢ | Il fh.(:‘ Gl@ug tor-Piocyia-
Barney district. cester-Pigua

(iii) Oelitic and organic limestones, often impure, but oeeasiane. >
pure. These embrace crinoidal units in n%rr‘é?wbgl;ngg?asi{l)zguyofv?g
limestones have fine micaceous and felspar debris that has been E . : q
upon the ecalecareouns sediment. o neri showere

(iv) Blue and blackish cherts with Radiolariag and
Some of these show slip-bedding,
(probably organmic) which
Bungwahl region.

“re very
chiefly with an

and a serd h]g}; g_giceous content.
o Senies of fucold strmctures
mark out this unit in the Bullahdelah-
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(v) Some altered andesitic and keratophyric lavas which suggest submarine
extrusion. Thege ave seen particularly well in some of the very rugged
country to the north of Dungog and Stroud. |

(vi) Conglomerates with pebbles up to & maximum of one foot in diameter.

Upper Burindi Series.
The rocks most prominently developed in this series are as follows :
(1) Tuifs, which weather to a rust-brown eolour. These arve keratophyrie
or dacitic with much biotite, "
(i) Calcareous mudstones and shaly-sandstones with a varied fauna, the
fossils often being restricted to marked zones.
(ili} Impure organic and also oolitic (chemical) limestones of no great
thickness.
(iv) Conglomerates and mechanieally formed breecias.
(v) Volecanic breccias of very acid character.
(vi) Soda rhyolite and keratophyre lavas.
(vil) Cherty rocks with Radiolaria.
The plant fossils (mostly of drift origin) are again mainly of the Lepidodendron
flora, and Cyclostigma 13 prominent on some herizons, particularly neasr the
base of the series.

Lower Kuttung Series.

In the areas where Upper Burindi rocks are absent it is.usnal to find Lower
Kuttung Series well developed. These; except for special phases referred to
in thig gsection below, constitute a great terrestrial group of clastic, pyroclastic
and lava units.

The following are the chief types:

(i) Coarse conglomerates with tuffaceous matrix. Some beds possess a
fairly even size of pebble, but others show great variation in size and
evidence of rapid accummulation. Many boulders are angular and of
such shape and polished appearance as to suggest derivation from
glacial outwash gravels. Occasional striated boulders ocenr in thege
beds.

(1) Tuifs and breccias of great variety in téxture and constitution. Many
are intensely siliceous, others are dacitic, some strongly hematitie,
and yet others have stilbite ax cement.

(ii1) A great variety of lavas including up to thirty flows in some sections,
which are magnificently exposed in so many parts of the area. The
great range of composition is indicated by the following list :

Glassy and lithoidal wmica-hornblende andesites, pyroxenic
andesites, dacites, keratophyres, toscanites, dellenites, rhyolites
of several kinds, obsidians, trachy-andesites, trachytes and
subordinate alkaline basalts. Many of these recks show such
phenomiens as albitization, autobrecciation, devitrification, ete.,
some of which #re deuterie in origin.

(iv) Ignimbrites (ef. Marshall, 1935). These are commonly present in
the Volcanic Stage of the Lower Kuttung and are inivariably of alkaline-
rhyolitie composition.

The whole of the Lower Kuttung Series is marked by two facies in the tuffs

and eonglomerates ; one earlier group indicating acenmulation when the climate
was not conducive to the development of hematite in the soils and weathered



rock-mantle, and a later group characterized by h@matitic cements (not due
to present katamorphic agencies); which are indicative of humid econditions
during formation. .

Fossil plants are present in the lowermaost parts of this series, L. osborne
and Pitys being most common, along with L. veltheimianum, Cyclostigma and
Ulodendron. Higher up, amongst the tufis and lavas of the Voleanic Stage,
the Rhavopteris flora makes its first appearance, and the remarkable Zygopterid
Clepsydropsis australis (Osborne, 1926 ; Sabni, 1928) 18 found in this part of
the series algo, having been diseovered in a coarse conglomerate.

Marine Phases of the Lower Kuttung.

The recognition of marine faeies in the upper part of the Lower Kuttuny
by Carey (1934) was an impertant development in the moulding of opinion
about the stratigraphical evolution of the Carboniferous System in castern
New Scuth Wales (see also Carey and Browne, 1938).

As a result of the interpretation of these marine phases, especially when
containing well developed fossil asgsemblages, it i3 clear that throughout portions
of the Carboniferous areas marine and freshwater sedimentation proceeded
gimultaneonsly, and in some critical places a paralié or oscillatory coundition
marked the segnence of deposition.

The areas within the region of present diseussion, where such intermediate
conditions obtained, comprise a fairly Iarge section of the Rouchel Basin., east
of Aberdeen, a small area immediately east of Dungog, and a very small uvea
in the Seoufth Temi Basin, east of Murrurundi, |

The most mmportant of these is the Rouchel area, where bryozoa ure
particularly well developed. These have been described by Crockford (1947).

Upper Kuttung Series.

Sneceeding the Lower huitung, with evidence of some break, come the
glacial and associated rocks of the Upper Kuttuig. These comprise strata
mplying a great glaciation ot Upper Carboniferous times, marked by several
alteynating glacial and inter-glacial periods, ‘

In the lower part of this division of the Kuttung Series there is a oread
abundance of elastic rock, much of which s pyroelastic in character. The
remainder is due to the accurulation of sand and gravel, which was probably
mostly derived from the outwash of the Carboniferous Ice Sheet as it advanced
from the south. This eventually spread over probably the whole of the resion
now bheing considered by the end of the Kuttung epoch, since glacial sediments
are recorded from country north-west, north and north-east therefron:. _

The impact of the Upper Palaozoic glaciation on the region here considered
is indicated in the morainie deposits, partly redistributed b}f flavial action. and
in the many horizons of varved sediments which were accumulated dtlriri,:i:’ the
temporary and final retreats of the Ice Sheef. Contemporaneons with tle
glaciation much vulcanism continuned and many tuffaceons rocks, and Sevefqi
lavas, mostly toscanitic, but also trachytie and rhyolitic and oceasion ally ba,salﬁiré
were poured over the refrigerated landscape ; in the case of the dellenites an d
toscanites really vast areas were covered. T

A richly varied and abundantly preserved fossil flor

a (Rhacopteris-Calamites
group, ete.) marks two or three shaly and/or cherty horizong near + -
Upper Kuottung. ty herizons near the top of the

Marine Phases of the Upper Kattung,

Just as in the npper part of the Lower Kuttung, so in the up
the Upper Kuttung there was contemporaneity of marine anl? pfiﬁiﬁﬁ,gﬁﬁ
deposition in various districts. Thus in the Limeburner’s Creek ang Booral
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districts fossiliferous sfrata occur which were coeval with freshwater glacial
suts and tillites. This marite horizon is definitely fixed because of the
occurrence of bryozoa (Crockford, 1946). The rocks in guestion are broadly
equivalent to marine strata deseribed recently from the Stanhope-Lamb's
Valley area (Seott, 1947) and to those dealt with in various papers by Voisey
(19383-1941). | |

The areas within the regien whi¢h are occupied by Permian strata form a
small proportion of the provinée, but their structural environment of these
areas 18 most important.

They comprise the Lochinvar Dome, the central and northern parts of the
Stroud-Gloucester Trough and the Paterson-Dunn’s Creek outliers. Areas of
Permian in the Wingen-Murrurundi distriet, and the great Permian Bagin of
the west and sonth-west sides of the Hunter Valley, with the exception of the
Lochinvar Dome, are not dealt with here, as they are, or have been, the subject
of research by other workers. Incidental mention of their structnral relations
i8 necessary in some of the following discussion,

The exception is made in the ¢ase of the great Lochinvar structural province
because the writer has studied the tectonics and stratigraphy in some detail.
Further, the northern end of the dome is within the Carboniferous roecks of the
overthrust block, and it is necessary to consider eritically the evolution of this
strueture in relation to the whole question of Upper Pal®ozoic teetonics.

STRUCTURAL RELATIONS BETWEEN THE MAIN SERIES

The oldest sediments of the region being the Tamworth Series, it is necessary
first to test the relationships between these and the associated strata. In
many places there appears to be a conformable passage into the Barraba Series,
or into the Baldwin Series. At least in these eases there is no apgular
unconformity. Specific localities where this may be studied are the following :
(@) On the road to Rawdon Vale from Gloucester (via Cut Rock Road)
splendid sections indicate no change in dip or strike between Tamworth

and Barraba strata.

(b) In the valley of Brush Hill Creek, near Moonan and south of the divide
between the Upper Hunter and the. Manning, near the southern boundary
of Glenrock property, there is conformity between black Barraba
shales and rhythmically banded Tamworth tuffs.

Bowever, in the region of the Beltrees strueture and along Stewart’s Brook the
divergence in strike between the Tamworth Series and the Barraba Series, or
in some cases between Tamworth Beds and the Burindi Series, is sufficiently
large and of geographie extent enough to establish a mild uneonformity in the
places cited.

The most satisfactory data concerning this relationship are available from u
study of the strata in the rugged npper portions of the valley of Ronchel Brook
and in the country formjng" the Divide between that stream and Stewart’s
Brook. In Rouchel Brook above * Myxrtle Vale ” the Burindi Series of mudstones
and crinoidal Hmestones shows a dip of . 60° W. at 20°, but elose by the Devonian
banded cherts are dipping N. 47° W. at 44°. Regional investigation shows that
this divergence in strike and contrast in dip is not brought about by fanlting.

That in some places an angular uneonformity is present and elsewhere the
beds suceeeding the Tamworth Series are conformable need not raise a difficulty
or appear fallacious. Actually the variable relationships are probably due to
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warping which has allowed certain planes of contact between two series to be
essentially parallel to the stratal surf ees, and in-other places has bro ug}l-t; a-boqi:
a geotnetrical situation which amounts to uncenformity. The bulk evidenceo is
that no great movement took place in most of thie area; but that some movement
and erosion proceeded between the completion of the Tamworth sedimentation
and the beginning of Barraba time, or of Burindi time.

Another important eriterion in this matier of struetural relationship is
that of relative diagenesis of the two associated series at any locality. Along
many parts of the valley of Stewart’s Breok (both branches) the Tamworth
Beds are in the condition of dense cherts possessing much jointing in patterns

and in such development that do not characterize the Barraba or Burindi of

the areas examined. Tt is feasible to conclude that such textural and structural
features and lithological evolution as exhibited by the Tamworth Series are the
result of sume chemical and stress factors which have not aftected the overlying
beds.

Further, we know that granitic rocks ocenr In several places (as for example
near Gundy), which are pre-Lower Carboniferons in age, since the overlying
Burindi mudstones rest on an eroded surface. Such grapitic rocks are to be
correlated with the late Middle Devonian intrugives of N.S.W., with the
mplieation that a roof of Tamworth Series was eroded away before deposition
of Buriudi sediments. |

The possibility of such granites being of Tate-Barraby age can be dismigsed
because everywhere there is perfeet conformity, snd sometimes transition
between the Barrabs and Burindi STOTPE, |

Finally, the gold and other deposits of the Stewart’s Brook grea are
assaciated with granites and grauodiorites which have been responsible for
mineralizing the Tamworth Beds, but not the later sediments. To a late Middle
Devonian metallogenetic epoch these ores are referred.

Relations of Barraba and Burindij Series.

It has been stated above that no angular unconformity exists
Barraba and Burindi terrains. Some further details regarding this
are appropriate. | '

In the region between the road from Blandferd to Timor and the country
west of Timor Estate, along the ridges lying east of Green Creek one can see a
perfect conformity hetween the Lower Carboniferous and UI; er Devonian
beds. True it is that there are some basal conglomerates in the v Serie:
but this is the expression of a Pphysical change that has not produced o £ : ]
disharmony. Osborne and Andrews (1948) have reebt‘dedpthgugg&igsig;%?gf &al
conglomerate near the base of the Burindj Series, in the Gloucester district,
but found it very difficult to draw a line demarking either formation 'thereb'y -
It would appear from the researches of Bengon and from the present
investigations that at the close of the Upper Devonian oﬁl'y EDEITOmenic
movements were gperative in the areas of northern N.S.W. that had ﬂbe’eﬁ
covered by the Barraba se:n. ' -

between the
‘relationship

Structural Relations within the Carhoniferons System,

The critical areas of Gloucester, Taree and Rouehe
relationship between Lower and Upper Burindi on the 016 Hand smd Tooee .
Lower Burindi and Lower Kuttung on the othér; can be Stl]ig?gd dggvg;‘]t‘;ﬁen
satisfactory data. Some of the salient aspects of these questions have I g;
dealt with by other writers, but in the present investigation new areas ﬁ'ﬁ;ve‘ be .
examined and the facts available are important, ; eSS

Thus a splendid section on the Scone-Gundy road, about

Scone, is exposed in the high cliffs adjacent to the Page River. nmine miles from

Here is revealed
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a gradual passage from marine calcareous mudsStones of Lower Burindi age
throuﬂh conglomeratie mudstone and sandy tuff into massive conglomerate
Wthh soon overshadows the minor bands of Burindi-like material, which
constitute a kind of * echo " of the Burindi facies. Altogether there are about
600 feet of typical quartzitic and aplitic conglomerate, directly equivalent to
the Basal Stage beds already described by the anthor for the Lower Hunter
region.

An equally decisive section i8 available on the road sections between Rouchel
and Aberdeen, while the same type of passage is shown on the road from Booral
to Bulla hd?lah about three miles west of Crawford River sawmill, and also on
the Welstmd,utels-l)ungog road.

In the areas where the Lower Knttung facies is replaced by the marine
Upper Burindi facies, one finds it very difficult to recognize any distinct break in
the sedimentary sequence. It wounld appear that in these areas the gradual
evolution of fannas from typieally Tournaisian to typically Visean proceeded
during a continuous sedimentary process, |

Coniing now to the relations of Upper Kuttung to pre-existing strata, we
note the clear-cut evidence, stinctural, climatic and litholegie, of a pronounced
break. This has been degeribed by various writers, but the whole matter was
reviewed 1n 1938 by Carey and Browne. In the present communieation the
writer wishes to emphasize the point that although attention has been drawn
to the basal bed of the Upper Kuttung and to the angular unconformity between
Lower and Upper Kuttung, no reference has been made to the probable erosive
aetion that must have followed the late Lower Carboniferous movement (i.e
the Kanimbla diastrophism). In the present researches some evidenee of this
has been diligently sought and some measure of suecess has resulted. In the

following areas the base of the Upper Kuttung (or Glacial Stage) rests unevenly
upon the Lower Kuttung volcanic and associated sedimentary rocks, and there

is evidence of erosion in the underlying formsdtion by a lack of umformltv of
thickness as traced along the junetion surface.

(@) Tumbledown Creek west of Glen Oak, Martin's Creek distriet.

(b) Along the high ridges on the west gide of the Stroud-Gloucester Trough,
bebween Limeburner’s Creek and the Seaham-Seven Mile Creek road.

{(¢) In the Upper Bowman’s Creek district near portions 267, 268, Parish
of Foy, County Durham.

{d) On the eastern face of The Brothers Ridge, north of Clarencetown
and near Glen William East.

Relationships between the Carboniferons and Permian.

The detailed stratigraphical studies on the Lochinvar Deme (Osborne, 1949)
have produced much data concerning this relationship. Every consideration
points to a gradual passage as marking the conditions at this rather inauspicious
completion of one system and the entry of another. The only departure from
transitional conditions are those constituting overlap. Between the North
Coast Read, eight or ten miles north of Raymond Terrace and the Gosforth
district, an overlap, more or less progressive In character, marks the boundary
of the two systems. FElsewhere, especially in the Kimbriki distriet of the Middle
North Coast, described by Voisey (1938), a continuous passage from freshwater
Upper Kuttung through marine Upper Kuttung to marine lowermost Permian
is exposed.

It is intferesting to observe that the evidence concerming this problem

now available from the Limeburner’s Creek and East Booral distriets, gives us
more ingight into the palmogeographical conditions towards the close of Kuttang
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1 i L locality. The discovery, in 1946, by Mr. W. il Metioy
met%: ;?;l:hg;ﬂ;gual:rimportznt marine Upper Kuttung phu;ip ("'(.lfm"‘_l':”',.“f
gome portion of the Neerkol Beries of Queensland and of the Emu Creek .'.‘: ;;..\‘
of northern N,8.W.) shows that the transgression of the seu associated with 1 111
Lochinvar movement had effectively begun, in the district now brires vited,
distinetly earlier than in the districts that later were to be the site o1 the
Lochinvar Dome. ‘ | .

The author has, for a considerable time, stressed the marine chiarautes of
the Upper Kuttung tillites at Stoney Creek (one mile north of Limeborners
Creek) and in the Ellenborough Falls and Bulga arcas.

PALEOZOIC STRUCTURAL ELEMENTS OF THE HUNTII-
MANNING-MYALL PROVINCE.

INTRODUCTORY.

The accounts ¢f earlier researches upon the tectonics of the Maitland sevne
Carboniferous beit (Osborne, 1922-1929) have embraced descriptions ob i
main stractural units, and a scheme of tectonic evolution, which may bu ;::jul
to have represented the writer’s opinions during the period 1928-1930. Hs.nf
extension of the late Pal®ozoic researches, and a eritical analysts of the enehie
aspects of the structural history, led to preliminary publication of some further
opinions and modification of earlier views in soine cases (1933). ‘

It was shown that the Hunter Thrust movement had heen responsible tof
the production of structural complexes, especially where the muin N.N. W .25, .
trends produced by that movement impinged npon the more meridional trends
which had their origin in the earlier phase ol the late Paleozoic diastroplusm.

An analysis of the stress and strain patterns (see Carey and Oshorie. L¥s,
and Osborne, 1938) indicated the probuble importance of the operarnon of
rotational stresses rather than gimple compression and overthrusting.

There iz no need to repeat here the information already described s hied
discussed, but it is appropriate to say that the regional mapping of the Luaye
province now being considered has provided so much data of correlative viulue
that it is now possible to extend the discuseion begun for the Maitland-Reone
gectors. A much more complete story is now available concerning the relutions
of the various elements that have been involved in the stroctural evolution.
In partienlar the réle of certain large faults which had not been finally settled
has now been more critically examined, and less ambiguity characterizes sotne
parts of the tectonic history.

¥or the purpose of giving an all-round picture of the lute Palirozoic
diastrophie activity as it affected the Tlunter-Myall Provinece, hoth as regards
small-scale features and those of large dimensions, it has been deemed advisuble
to summarize in the section immediately following the tectonic units which wre
found in the Raymond Terrace-Beone belt. (Pull nccounts of these features
will be found in the literature already cited.)

SUMMARY OF THE STRUCTURAL ELEMENTS IN THE RAYMOND TEREACE
CARBONIFEROUS BELT.
Folds.

Beginning at the eastern margin of the resion and sodir slwarnid
and north-westward, one has the %;I]llowing stﬁtnms: proceeding v

The Williams River Anticline.

The Dunn’s Creek Syucline,

The Moonabung Basin.

The Cranky Corner Basin.



STRUCTURE OF THE HUNTER-MANNING-MYALL PROVINCE n

The Mirannie Basin.

The Westbrook Anticline.

The Bridgman Basin.

The Greylands Anticline.

The Owens-Mount Wells Basin.
The Grasstree Faulted Complex.
The Bell's Monntain Structure.
The Colonel Mount Structure.
The Segenhoe Basin,

All of these have been fully miapped and are reproduced from earlier
publications snd shown on the geolegical map (Plate ITI).

¥Fauits.
(a) Those with N.N. W, N W, strike.
(1} Defindtely of thrust character : Hunter Thrust, Welshman's
Creek Thrust.
(it} Those apparently of gravity (normal) origin: Brushy Hill
Fault. Goorangoola Fault.

by Those with N.N.E.-N.E. strike. (Character discussed in the seguel.)
Paterson Fault.
IPaterson River Fault.
Glenoak Fuault,
Butterwick Faulit.
Charlton Faunlt.

(¢) Those with approximately E.-W. strike (some showing a disposition
towards arcuate plan).
Webbher's Creek Fault (Rpecial case).
Owens Mount Fault.
Benvenue Fault.
Manresa Fanlt.

{(¢/) Those witl a strike which is either entirely or mostly in the meridional
direetion. (These are gravity faults.)
Wilhams River Fault.
Tarean Fault.
Dry Creek Faulit.
Mirannie Fanlts.
Westhrook Fanlt.
Mt. Olive Fault.
(#) Radial croups of faults (related to torsion).
Grasstree Faults (five in namber).

Gosforth Faults (threej.
Grreta Minor Fuults.

DERCRIPTIVE STRUCTURAL GEOLOGY OF THE ELEMENTS IN THE
HUNTER-MANNING-MTALL PROVINCE.

The following critical areas have heen surveyed in full over the last fifteen
vears, and for each tectonic unit some special problems have generally been
encountered.

After Iisting the structures, they will be treated in the order of naming.
Where o striucture cannot readily be deseribed by a well-known structural terni.
such as Jdome, basgin, anticline, ete., the term ** structure ™ will be employed.

11
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Structural Unids and Sub-Unils,
Stroud-Gloucester Trough.
Medowie Basin {sub-unit).
Ward’s River Structure (sub-unit).
Rawdon Vale Anticline.
Myall Syncline.
Bullahdelah Horst.
(Gzirvan Anticline.
Broughton Island Syncline.
GGresford-Wallarobba Anticline.
The Welshman's Creek Dome and Basin.
Dunn’s Creek Syncline.
The Mindaribba Basin.
The Seaham-Kenwary Structure (sub-unit).
The Lochinvar Dome.
The Greater Mirrannie Basin.
The Rouchel Basin.
The Scone*Gundy Syncline.
The South Temi Basin.
The Timor Anticline.
The Beltrees Structure.
The Carricabakh-Rookhurst Structure.

Falts and Fauli-Systems to be Discussed Below.
(In a general east-to-west enumeration.,)
The Bungwahl-Boolambayt Faults.
The Bullahdelah Faults.
The Girvan-Waukivory Faults.
The Stroud-Gbu-cester System of Meridional Fanlts,
(¢) East Stratford Fault and similay fractures.
(6) The Manchester and Faulklands Faults.
(¢} The Stroud Road Fault,
(d) Intra-Graben Meridional Faults.
The Minor Faults of the Stroud-Gloucester Troush
The Monkerai Fanlts. gh.
The Dungog-Chichester Fault System.
The Lewinsbrook Famlt.
The Gresford Fault.
The Webber's Creek Fault (reconsidered),
The Goorangoola Fanlt (extended).
The Moonan Fault,
The Pigna Barnev Fault.
The Isis Fanlt.
The Brushy Hill-Murrurundi Fault,
The Hunter Thrust System (further discussion).
The Wingen Fault.
The East Wingen Fault Complex.

Nerpentine and Associated T nrusions.
The Cwiricabakh Complex.,
The Pigna Barney Line.
The Glenrock Line.
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THE STROUD-GLOUCESTER TROUGH.

This structure, conveniently titled as abeve, is one of the most striking
tectonic features of the province. A recent paper by Osborne and And.rews
(1948), wihich 1s aceompanted by a map, sets out the varied stractural data
wliich characterize the northern end of the trough. 1In that comwmunication a
concise und sufficient review 1s given of the miain investigations that have been
carrled out in the past, and there 18 no need to repeat those details here except
perhaps to emphasize the remarkable peologieal insight shown by Odenheimer
one bundred years ago, when he reported on the geology and mineral resources
of the A A, Co.'s Estate.

The Trough dominates the geology and physiography through most of its
courie, which 18 approximately 60 miles from Gloucester to the Pa.mﬁc coasthne
between Newcastle and Morna Point.

The Trough can be divided conveniently into four sections :

() Northern Sector : Gloucester to Dewrang, abont 20 miles in length.

() North Central Sector : Dewrang to Booral, 12 miles.

{¢) South Central Sector : Booral tv Limeburner’s Creek, 12 miles.

(d) Routhern Sector : Limeburner’s Creek to coastline.

(This i8 best regarded as the Medowie Sub-unit.)

The xalient features of the geology and physiography may be summarized

thus :

(¢} The main structure is a marked, narrow syncline which trends mestly
meridionally, but possesses a swing 1a strike from S.S.W.-N.N.E. at the
southern end through N.-S. to N. 15°W.—S. 15°E. from Stroud to
Weistmantels and then more or less N.-3. to Gloucester, except for a
bend on the east side in the conatry north-east of Oraven.

() A subsidiary narrow basin or trough is faulted against the main structore
to the east of Craven and crossing Ward's River., (See map.)

{¢} The floor of the Trough ig warped strongly and pitches varionsly south
01 north.

(ff) The bounding units of the Trough are Carboniferous highlands, mostly
of Lower and Upper Kuttung, but alge partly of Burindi rocks, flanked
hy Devonian rocks on the north-west margin of the Trough near
(tloncester.

(¢) The central portions, which are mainly of gentle relief and low-lying,
consist of Permian Coal Measures which are developed in the major
hasin over a length of 20 miles, and in the minor basn approximately
eight miles long.

(f} While disconformable relationship hetween Permian and Carboniferouns
exists in the northern seetor, further sonth steep boundary faults mark
the separation of the ecoal measures from the resistant Carboniferous
lavias whieh form a sheath-like bounding structure o the syncline.
These marginal faults are to be regarded as intra-graben stmctures
for the Tmunh in its central portion assuntes some of the features of ;t

Graben.
(g) Tn ecertain parts the narrowness of the Trough i3 remarkable, being
only five miles wide between bounding fanlte near Stroud Road.
(k) The phvsiographic expression is that of parallel ridges, one on each side

of the structure, and one or two noticeable subsidiary ridges within
the Trough, as for example east of Craven, and between Welstmrmte]s

and Str oud Road.
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{1} Bounding faults separate this narrow Trough from broader folil units
on either side.

() The northern paxt of the structure is drained by the Avon and the
Lower Gloucester Rivers, and the southern part by the Karuah River.

(k) A greal covering of Pleistocene and Recent sands and leached clavery
soils obscures a great deal of the geology of the southernmost part of
the Trough.

The Northern Sector.
Summarized Stratigraphy. )

The rocks eonstituting the Trough in this portion have been fully deseribed
in several publications, but it was not until in récent years that the relations
of the faulted complex of the Gloucester district were satisfactorily determined,

The formations present comprise :

(@) Permian Coal Measures, thickness unknown.

() Upper Kuttung Series, maximum thickness 2,400 feet.

(¢) Upper Burindi Series, maximum thickness 4,500 feet.

(@) Lower Burindi Series, maximum thickness 7,000 feet.

There are many seams in the Coal Measures, and the assotiuled rocks o
conglomerates, sandstones, grits and mudstones. Although some of the seams
are quite thick (maximum 30 feet) the general congensus of opinion amon
Sydney geologists is that the Series belong to some part of the Upper (Coal
Measures, although correlation with the better known areas of the Main Coul
Basin is very difficult to achieve. The possibilivy of a Greta age for the Series
must not be overlooked. )

The Upper Kuttuug Series consists of a thiek voleanie series
keratophyres) and much tuff and conglomerate, remaing of the Rhacopteris flora
]és;ving l)ee% fogntd m agilaly Ia}[}‘ersh t'll_;‘heM striking physiographic features of tlo-

oucester Buckets on the west an e Mograni ade of
the Upper Kuttung flows. Eran Range on the east AEE Made ol

The Upper Burindi SBeries (which gives wa ‘ prs b e a
one proceeds south, and there is descr%ed a8 gh;*OL':;ZII‘MEF‘?;;;;)&?O?:;nrt‘i%.:‘z
much mudstone and several quartz-Keratophyre flows, -gome'fossiﬁfem‘u o 173111 {i;
being present at fairly constant positions in the sequence. The tufts make.
fairly rugged country on the west and south-west of this sector of the T ! d,{ |
and as the. Upper Burindi facies declines in 3 ‘ ' 8- TUUEN.

(thyolites andd

. + . v e 13\7 3 ! 3 5
Huvioglacial conglomerates appear. 4 types, and somu

The Lower Burindi iz well developed on th 1Y : 'y
Buckets, and on the eastern side of Lﬁe Mom*agiwlgzﬁfgrg (f:f;gtgf the (I]U}ml?ﬂw:
along the margin of the Trongh. Going sonthward the rocks 1Iles unbm]ﬁenlfv
facies of the northern Lower Burindi and display the i, Ji 108(3 rome of the
Lower Barindi of the Clarencetown district, ypieal features of the

Structural Features.

The axis of the Trough Hes to t that .
regarded ax the geographic axis dividing the ; - . 126 wonld e
- . N ' e - » mo 4 - - - .
approximately mfmlar areas. The' ﬂoqr dips steeply .;f%géoﬁlgﬁhefeatm-es into
of the Trough (see map) but this dip is influenced by the rnmost point
Barrington TRiver Fuult. Nevertheless + * DPresence of the

here is ya :
: N e et 2 a30n to agsum :
southward piteh carnes on for a considerable dis Sume that
5 . DIe distance because withs ;

- tase within the main
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coal basin there is a thick series of measures, within which are some very thick
sealg (up to 32 feet), and these features bespeak the fairiv deep burial of the
base of the synclinal ficor.

The southermmost outerop of the Permiup in this sector can be geen on the
Mamme Johnson back-road and also to the east thereeof at a point about two
miles south of a lovality called Dewrang (marked by a railway siding and a group
of farms). Here the base of the Coal Measures is pitehing gently to the north,
and lies on an eroded Carboniferons surface.

Further north the saume structural relations can be studied on the roadside
ixbout one and a half miles north of Weistmantels. A similar northward pitch is
heautifully shown at a lower stratigraphic level about two-thirds of a niile
south af Stroud Road Hailway Station, where, in the paddocks to the west of
the Pacitic Highway, exposures of an ignimbrite lava of the Upper Kuttung
display thie scoop-like structure of the plunging unit. This strueture gives the
kev to the rather complicated voleanic saceession hereabouts.

The south end of the Ceoal Basin possesses strongly fanlted junctions against
the Curboniferous. Thus on the east side a magnificent fanlt-face outerops in
the conniry east of the Mamme Johnson's Road, near Dewrang., This revealed
surfave 13 of felsite and ignimbrite with good ﬂow -structure, and shows many
shekensides,  The attitude of the fault iz almost vertical, the slight hade being
to the west., This feature running northward for some distance has the following
position on the ane-ineh military maps :  499-500/1005-1006 Dungog Sheet to
FO8-149/1012-31011 Gloucester Sheet.

On thie west there is equul evidence of a faulted junetion. Thus near the
old tunnels and shafts in the neighbourhoad of the historic site of discovery of
coal iny this area the measures are dipping steeply to the east and a 30 feet seam
exists close to the wesfern boundary of the basin. Immediately to the west
e (Cirbontferous confining units dippmg at only moderate angles to the east.
Near Relf'r Creek in this loeality it is possible to establish that the coal measires
lose the steep dip away from the fault and soon flatten oul to the east.
Unfortupately the most desired information about this southern extremity of
the (o] Basin is not available because of the prevalence of allaviun and timber.
Forther porth these intia-graben fanlts die out.

Structures in the Coal Measures.

Within the Pormian areas the outcrops are rather poor except for one or
two outstanding exeeptions.  Artificial excavations, however, always reveal
interesting mformataou and someftimes produce the maost 1mp0rt3,nt criteria
of the type of movemen‘f to which the beds have been subjected in their last
tectonic experience. Thus, as already described In another paper, there are
excellent seetions in the raillway eattings south of Craven Station which show
minigtiare ‘- nappe ' structures. small thrusts and drag folds associated with
larger displacements. These in general indicate compressive stress from the
north-east. In quarries in the same neighbourhood, and in the exposures to
he found aronnd Ward's River village and sonth therefrom. excellent data are
alzo available.

The examination of dip in regions that do not appear to be mueh fanlted
indicates that the surface of accumnulation of the basal Permian strata was
irregular. Thus along a zone adjacent to the Carbouterons lavas of the western
side of the Trough, wherever sections can be studied, one establishes that the
dip varies euastward by becomiug less and less steep, and also shows variable
direction interpreted as due to irregularities of the floor.

A splendid section showing bhe affects of overthrusting produced by forces
firom the N.E. is that in a narrow guarry (known as Timberline Cuatting) just to
the north of the Glen Road. two miles east of Craven. Here (Figure 1)} the coal
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measures are dipping N. 30° at 40-48° and are intersected by four overthruxsts
which in general dip to the north-east, and are fairly low in inelination. At the
easterii end of the quarry two of the thrusts have been curled npward 80 as to
be partly underthrust by the excessive gtress aeting. The main joints of the
locality dip W. 15° N., while less prominent fractures strike N. 75° E. DBoth
sets of joints are almost vertical im attitude:.-

On the almost vertical wall of a N. 70° E. joint two sety of complementary
joints are present, dipping regpectively easterly and westerly at about 25-.
The Iarge thrusts in the quarry have developed on one set of fractures set nup by
the more or less westerly directed comprégsive component of the shearing
stresses that have operated.

Related to the intra-graben faults of the gouth part of the Northern Sector
are certain almost vertical jomts of tensionyl origin which strike meridionally
and give rise to striking outerops of beds of varying erosive resistance. Such
joints and associated steeply dipping strata are seen on the Mamme Johnson’s
Road about two miles south of Ward’s River village.

TWO-Chains

Fig. 1.—Cwrved thrus;s in quarry two milss east of Craven

The Norih Ceniral Secior,

Between Dewrang and Booral

_ the Trough is characteri _
disappearance of the Coal Measures because of the npwarnin acterized by the
to piteh to the north. ecause of the upwarping of the strata so as

As alreadvy mentioned., a ndi in
Road shows tl; nature li)efdt.hi }S)?égl?(};1(1tli?gtégt?ﬁinllglihgoﬂilze %’ uth of Strotud
The roeks involved in this sector are as follows | e
(a) Lower Kuttung Series.
(6) Upper Kuttung Series.
(¢) Permian., |

(a) Lower Kattung Series.

On either side of this sector the Lower Kuit ,
lavas make strong outcrops. There is a ;Eéggﬁisﬁgoﬁﬁates, tuffs and
the western side of the Trongh shows a strong development.&fr?’ th_W?-ver, BEEIEE
some subordinate rhyolite flows, while on the east the Vole ?  Thyolitic tuff and
by thick units of tozeanite. Further, the tuffs op A é‘mo Stageis dominated
completely pyroclastic and may pass int T ne east

0 lavas gshowing autobreceiation.
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The striking ridge on the east side of the Trough on which stand the heights
ot Stroud Trig., Stroud Mountain East and Renwick’s Sugarloaf, is composed
of the Mt. Gilmore type of toscanite.

(b) Upper Kuttung Series.

The rocks of this group comprise cherty tuffs and glacial sediments with
several gmall impure coal seams and marked horizons of plant-fossils. Altogether
about 700 feet of strata are present and the outerops are good. One belt runs
west of the main Pacific Highway and of the Karuah River between Booral and
Stroud Road, while the other is found in the foothills which lie to the east of
Stroud and trend southerly to Booral. On both sides of the Trough in this
sector the rocks of this division are on end due to faults. Several cross fanlts
are prominent near Stroud Road, and these appear to offset the larger meridional
iractures.

One puzzling aspect of the stratigraphy of this sector is the occurrence
of mueh shattered basalt whieh, from the field relationship, may be interpreted
a5 within the Kuttung succession, or alternatively as sills acting as feeders to
the Permian hasalt flows which are definitely present in three outliers near
Stroud. No section has yet yielded satisfactory evidence of intrusive relations
between the busalt and associated Kuttung strata, but from the general way
in which the bagalt units follow the structural lines of the associated veleanic
and sedimentary rocks, one is inclined to place the basie rock as contemporaneous.
There is great variety among the volcanic rocks, and this is really the chief place
in the Karuah provinee for studying fully the valcanicity of the Upper Kuttung
epoch, .

The Iavas and tulls are well exposed in the hills cut by the road from Stroud
Road up Mill Creek. This castern side of the Trough contrasts with the western
side, where many of the lavas have cut out and where the dominant flow (excellent
for structural mapping) is the well-banded Halls Hill rhyolite.

The plant-bearing cherts are characterized by an abundance of wmembers
of the Rhacopteris Hora and less abundant Lepidodendron veltheimianum. The
most prominent genera are Rhacopteris, Adiantites and Sphenopteridium. These
strata were first brought te light by early investigations of the Australian
Agricultural Company. The repeated references in early literature to the
fossil loeality of Smith’s Creek, near Stroud, refer to the area a few miles north-
north-east of Stroud, where good material is no longer available.

In the plant-bearing strata several thin seams of poor grade coal oceur.
These can best be studied in the cuttings at the overbridge on the railway line
three-quarters of u mile west of Stroud Road. This development of
Carboniferous coal mav be correlgted with similar occurrences at Tanilba,
Port Stephens. Paterson East and Broughton Island.

{c) Permian Rocks.

Although some of the earlier reports dealing with the coal measures of the
Stroud-Gloucester region suggested the oecurrence of Upper Marine strata of
the Permian System. no specific instance of this has been established by the
writer. The only rocks which are of post-Kuttung age at Strond and north and
south therefrom are flows and necks of basic type. The flows are of a shattered
caleitic basalt, comparable with some of the Permian basalts in the Comerfords
district near Maitland. The intrusions are of small size and seem to be less
alkaline than the fows, but linked mineralogically with them.

There is a marked unconformity between the basalt and the underlying
Kuttung Series, and this has some important implieations dealt with helow.
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The main structural interest of this section of the Trough is the ovidence
of a northward pitch, and the presence of several faults which trend :alniost
due north and south (magnetic). The faults are steep and are refated 1 orivin
to the great Williams RBiver Fgult which bounds the Trough on the westory
side. More will be said in the sequel about the fault-systems.

Adjacent to the settled and matnre eountry of this south-central s~ecior
there lies, on the eastern gide, a wide belt of very rugged and heavily forested
country which ig part of the western side of the Girvan anticline. The woxt ¢In
country contignous to the sector is a region easily accessible and fairly {ree from
mueh bushland throughant about 409, of its extent. Hore one curn study the
remarkable effects of the Williams River Fault.

The minoy structures of the Upper Kuttung Series at Stroud Koad sre due
to two of the meridional fanlts. These features comprise much glickensiding,
minor thrust-fanlts and small drag folds, together with intense suub-seale
Jomting. The study of these features leads to the view that original clear-ent
gravity faults were affected by later shearing movements. )

South Ceniral Sector,
This division is characterized by the folowing features -
(a) Presence of considerable glacial material ip the Carboniferons siuveession.
(b) Oceurrence of a marine Upper Kuttung succession.

(¢} gwdence of progressive overlap between the Kuttung Sepies il 1l
érmian units, and qf contemporaneous erssinn of o Cuarbonifecons
floor prior to cutpouring of Permian basalts. )

The stratigraphic units in this. zZ0ne are -
{a} Lower Kuttung Series (freshwater).
(b) Upper Kuttung Series (partly freshw:

on the casten oG bas » Trough, where Lo ISOZEapc o o

: o ' Tt aen, 16, wending southward from the
gflg’llllbourh‘oo.d th thé‘ qural{:-B]]_' ' -d‘ela‘h Road tOWﬁPdS K&Ll:llizlh :){:‘:“ l"()l‘tf’
t;thqa?li, vlglfi s‘(ut(les of hlgh‘ - of Course toscanite. Qg the western side
(e sk oF thggcigfzg%ml; D i the hills which stand . fow miles £
belt. 1 which are Jess continuons than the eastern

Conglomerates of the Basal Stage t 2o (Y
in the country hoth east and west o:{Eg %h?%fi‘o(sg‘i Osbome’ 1922) wre prevalent
Upper Kuttung Series,

This division of the Carboniferous succesiion :
- 4 . . : e C{SBSSIOH 18 Of . ' watnoratibirea
;ntex};eslt,fb}xt: in ;hl§ work the only need ig to refer to the stﬁ;iﬁq st ‘,r,l.-}g;l tLl\J l:. g 1]
that the discovers & v W aractural history of the Trough, Thoe e nars
Kuttang rocks(;?thg qnarry. ‘a,Hb" L%CGQY and the writer in 1946 of nl‘LI:?HL: ﬁpper
these strata southward, esta;blj?glie:w; ?;gr%ﬁ"e%st of Booral, anq the tracing of
Neerkol facies of the Middle Carboniferoys iy;: ::Iﬁgarta‘nf development of the
interest in this connection are the r 1 EIIS Stage

. . ; the Bryos o VR The fogsils of most
Joan Beattie 5 dentcal with e B 0k Vore. dtermpmas 0, o
with the Bryozoa in these fine cherty shaleg dre. re 01 0f Queensland. Along
Strophalogia, Orthotetes angd Upper Carbonifey, Presentativeg

iy AL of such genera a3
TOus productids. 8
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Other rocks of the Upper Kuttung Series comprise glacial units of some
variety, embracing tillites, flnvioglacial conglomerates and sandstones and
rocks akin to varved shales.

Some of the tillites are marine because of the presence of odd miero-fossil
debris.  The rocks in guestion are seen very well in the bed of Stoney Creek, i
inile or se north of Limeburner's Creek. Similar tillites (greenish in colour
when fresh) form a very distinetive type in the marine Upper Kuttung of the
HEllenboroungh and Comboyne areas.

Permian.

The Permian roeks Hrst make thelr appearance, after having failed to
outcerop in the Trough south of Stroud South, in the country bettween the Highway
and the Karmah River at Allworth (Old Booral). It appears that the occurrence
here 1z due to a short steep famlt. The rocks have affinities with the Lower
Marine Series of the Hunter Valley. A few miles further south the Upper
Marine Series outerups in the bed of Deep Creek, near its confluence with the
Lower Karah River. The belt of Upper Marine then swells ont southward,
while other Perminn units (Lower Marine and possibly Greta Coal Measures)
are very subordinate.

Structural Feaftures.

The Trough has pow taken on a somewhat different strike in contrast with
thic more northern sectors. Here the strike 1s changing irom norvth-south to
porth-north-east and alirost north-east. This swing 18 assgociated with the
adjacent curving margin of the Lower Williams anticline, described many vears
agae by the writer.

The Trough also shows in this sector the beginning of the sonthwarad plunge
which becomes predominant in the South Seetor, next to be described.

The rmain interest of this sector centres around two items of stroctural
significance in the later geological history of the Upper Pernian strata. These
are (@) evidence of ovel‘léa-p, and (b) presence of the strong Tarean Fault.

The first of these is established by the finding some yvears ago of the Upper
Marine fossiliferous sandstones of Stoney Creek resting with erosional break
upon the Lepidodendron-bearing beds of the Upper Kuttung. The stratigraphical
bresk heve is of the order of 10,000 feet judged by the standard sections some
miles to the west,

The Tuarean Fault is o vital plece of evidence in the investigation of the
relations between major groups of faunits in the provincve. Some discussion of
the role of this fault was given in an earlier paper (Osborne, 1938). It is clear
from the stimctural and stratigraphie data to hand that the Tarean Fault is a
post-Upper Coal Meagure fanlt, thus contrasting with those which were prodused
during the late Upper Muarine diastrophic episode.

The Southern Sector (Medorwie Sub-ITail).

This, the southernmost of the four sectors, i3 characterized by the followinyg

distinctive features, geological and otherwise :

(a) A considerable proportion of the comntry is marked by low-lying swampy
conditions and one portion is covered with sand ridges and sandhillg
of the Stockton-Ravmond Terrace-Wilhamtown region.

(b) Heavily forested reserves embrace a good deal of the porthern area,
while on the north-east of this sector the muddy estuaries of Karuah
River and Telligerry Creek (where they enter Port Stepheng) are covered
with mangrove growth.
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(¢) On the lower west side of the seetor hard rock outerops of the Lower
and Cpper Kuttung are prevalent in the EKast Seaham-Rayvmond
Terrace-Irrawang district.

(d) In all areas not given to strong outcrops there is genernlly a vinver of
strongly leached soil now largely composed of argillaceous nurterial,

(¢} The bounding major fracture of the Williams River Fault coms into
this region, and its character and stratigraphical effects ure sven to
perfection in a quarry about five miles north of Raymond Terruce.

The rocks present here are:

(@) Permian sediments and basalt lows and thin coal seam.
(0) Upper Kuttung Series (mostly glacial).

(¢} Lower Kuttung (mostly volcanic).

Lower Kuttung Series.

The lava groups prominently developed in the South Central Sector sre
coutinued into this sub-province, but ab interesting variation of tv pe and
qnanfnty of the lavas on either side of the Trough brings about a cont rust with
the South Central Sector. Thus in this sector we have abundance of Livas in

the neighbourhood of Irrawang and seuth-east of Seaham, which belong to the
Lower Kuttung series. T

Upper Kuttung Series.

N bItirjetd ring al.?ng the west side (and less prominently on the eastern i)
(5 lum : memee.t s Creek locality for about twelve miles are the Upper Knttuny
fJ tl-Cﬁlﬂ B@d::il Thgge are f}_.'eahwamr In origin in the soutl and marine (ef. 1hove)
Il}t €r north at kft.o ney Creek. - The passage from one phase o (e othi is
appreciated abount six miles south of Limeburner’s Creelk |
. li[;hes'ehmqks have been studied by the writer and Mr. M. R Banks. B.Se
i“ﬂ.‘za?sz‘i'ggo;ﬂid(i some detailed measurements of the stratigraphy 106
ate 1 feature of tho. aob ot roond many completely pyrockistic rocks
- ' : * TOCkS show AVt o Eaeanes ..
representing the western side of the Trough in ‘r-hisds@zltlglp o curving strmcius

Permian.

of Igjl 9’1}1‘15331?;91123 Sl'illtithich I8 an equivg.lent teran for this southern sector
infplvpretati()]; on aeco‘u tay; given EBOIogIBtS a ;'2'00(-]' dea& ﬂf ('lin"li'llli-\’ [il
which is @ kmd of GODCLIDI:)H Od the 1-13.01{ of outerops and the ])1‘(%\./&18}1(.'(». .ﬁf a woil
heen the leaching by ground'eigttersutoglggr}fhe Whole district, so thorou h s
}[;”.i:npf, Series and Upper Conl Meaém»es > bed rocks of the distriet dare Lpper
rofessor David (i e T |
relations of these melﬁ:l.;lt}e?r? ':)tgl"q’s"ed the probable distribution and structural
critically the evidence of Seird' ».a}t]m cover of soil and 8and, and L‘-l;ll sidered vu:"\“
yart of the region nden _,;-d%p.bores fhat were put down in ater
gnt*oblem refol\gellq MBOW Iulilder discussion. A good deal of tl?vn 111:1 uw m‘%l.wll .
the impure coal ge oun_fh;t ¢ Stratigraphical relations of the z e}{“} st st
laces in th ams which have been struck in the boves, eohtic basults 't-l-lid
pla e:l e are:: Oum}‘:’P more or less indifferently, 8y and which in various
2lore Tetent work by the Wwriter enyl
?(;flrol;ﬁ:; 1;110;11; GﬁtSflgalf:wn for the Hunter pismc‘f%?gm;“B connection with =
the %]tlmcture il?rtijél acts Mi(tmt th? Tocks, and to g Gonﬁﬂgfg ('1’ J;a.s lad to “u‘;‘
b ¢ area. 1t s ient e . Nt mterprotation o
(3¢ Osborne, 193R8) is cleard ficie Xplain that the Tg»;:n;t}g,ult

¥ proven b -
transects both Upper Marine gnd Uppe'l:g éggr%ﬁisgﬁ W available, and that it
i S Jleasures,
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The sweeping belt of Upper Marine mudstones and tillite shales which is seen
at intervals throughout the allnvium of the country between Limeburner’s
(reek and Raymond Terrace is & continuation in structure of the similar carved
area of the Upper Kuttung further to the north-west. No cross faults are
present in the Upper Marine outcrops, but it is clear from a study of the few
axposires In guarries that concealed faults have caused small displacements of
the Permian rocks, quite apart from the matter of the large Tarean Fault. On
thie eastern side the search for outerops becomes more ditficult, but in many
wells and in other artificial exposures it is possible to establish the existence of a
mostly concealed, but wide, area of basalt overlain by typical brown mudstones
of the Upper Marine.

The Trongh thus has gradually wideued out at its southeru end into this
Medowie structure, and the plunge to the south-sonth-west is quite marked
b¥ the inferred-plan of potential ovuterop

Some of the later excavation: (made by the Defence Department in
connection with World War 11) show the presence of pressure striations and
stnall slip-faults in the rocks of the Tomago Stage of the Upper Coul Measures.

Ward's River Structure (Sub-Unit).

About two to two and a half miles to the east of Craven there occurs a
subsidiary bloek-fanlted bagin of Coal Measures, running north and south,
never exceeding half a mile in width of outcrop. The longitudinal extent is
about seven iiles. This structure 1y that which has always troubled the
investigator beeause of the ubiquitous soil and vegetation-vover that occurs as
SO0 a8 one moves any distanes into the region of the margins of the main
Trough. It iz clear from a study of the small-scale structures that faults through
this smull block place Coal Measures against Upper Kuttung on the west and
Buandi rocks on the east.

Naot much has been done regavding the nature of the struetural condition
of the rocks in this small senkungsfeld, but it is clear thual strony joiuting is
universally developed. Some of these joints in the fault-block are complicated
b later smnll thensts with curving dip.

THE RAWDON VALE ANTICLINE,
General. ‘ )
Directly adjacent to the muarginal western faultx of the northern sector

of the Gloucester Trough lies the Rawdon Vale anticline, a southward plunging
told that shows an lIltt‘lD]i*(llcltP tectonic position, in that some of its stroctural
features represent response to the forees operating at the rime of the deformation
of the Stroud-Glaucester bhelt. while ofhers helong to the north-north-west
trend which was implkated on much of the country in u Jater episode.

The structure cannot bhe studied fully because of the heavy brush cover
Al extremely ragged country between Copeland and Berrico and elsewhere
1z the region of thv anticlinal development,

The geneval relations of the fold can be appreciated by noting the Burraba
Neries whieh outerops between Barrington village and C‘upelan’i and in the
conntry teo the north-east of Rawdon Vale and also on the Berriro-Rawdon
Vale Road. Such data can be compounded with the evidence of the Tamworth

Beds in varions phues in the Berrico-Cobarkh area.

General btrangraphy
The following are the nnits present in fhis stroctare :

Lower Bnmuh .. .. 1.500 feet.
Barraba Series . .. 4.,B00 feer,
Baldwin Series .. .. 300 feet.
Tamworth Beds .. . Maximmm ankpown, bnur oar

least 2,000 feet.
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The Lower Burindi are of the typical mudstone fietes daned are seci i the
faulted blocks just west of Faulklands. The Barraba Series conbaits i bt
to radiolarian chert and carbonaceous mudstoues, u serivg of hne congloneratos
and also some thin white tuffs. Lepidodendron australe 18 quite corihnlioax.
for example, at Copeland.

The Raldwin Series is mostly tuff with oceusional agglomeratie prhiases, el
in all cases there is a proportion of banded cherty rock in the fragments sugueslide
of derivation from the Tamworth Series. (This is very significant.) I'he
Tamworth Seriegs embraces a wide variety of types. There are always vil e
tuff-chert banded rocks with evidence of para-depositional brecciafion il
slump-bedding. In addition there are radiolarian tufls, cherts and conutoneranes
with large boulders, the matrix of which weathers to a deep brown colowr,
Some Lepidodendron australe 18 sparsely present.

Structure.

The core of the fold i8. given over to Tamworth Beds.

The main outcrops are south of the Barrington River Faalt, on tow ards
Copeland. They are also seen in their marginal development at varions places
on the Berrico-Rawden Vale Road. Thus on that road several fanlts ity
Tamworth Beds into contact with Barruba andjor Baldwin tufls,

After the road leaves the course of the Gloucester River one soon binds @
succession from: Barraba into Lower Burindi. The roeks are fairly steeply
inelined to the west-and much minor faulting is present, gome of which i~ alons
bedding planes with no stratigraphical throw, |

Then from the *‘ Stockyards ', south of Rawdon Vale sctilement, fhere 19
a fine section of Lower Burindi mudstones, crinoidal limestones and tuffx, alinost
identieal with rocks of the same age as exposed at Gien Willinn, near
Clarencetown, and at Hilldale. These strata strike N. 20° W., and thus the

western side of the Rawdon Vale structure has taken up tectonic affinitivs with
the main trend of the Province, ~ |

To the north, past the Homestend and on towurds Coburkl. shere ute
splendid sections of the riebly fossiliferous Burindi. The varions Tonrneisitld
geners, so common at Hilldale and elsewhere, ave Lo he collected livre.  One
rock, which i8 found in this locality, is very dark, strongly carbonaceans nd
pyritic ghale with many Orthotetes present. This is exposed about 2 tnile noyih
of the homestead and will prove a useful fossil datum for anv paliont otowical
waork in this region. e

. The greatest stractural complexity in the anticline is fonnd on the plunzing
axial zone. Thir is best studied on the hills around Berrico Homestewd and
then onward to the country south of Rawdon Vale. her o
guarries and i the Gloqeester River show that considerable tectonic complexity
has marked the adaptation of the anticline to the two contrasted elements of 1he
Gloncester environment and the Gresford-Wallarobbs influence |

_ ?h};f in one quarry Barrabg or Tamworth ftuffs (distinction here is difticntt)
dip 5. 2" E. at 50° and on the dip face there are displaved n fine set of JOHTR.
Two conjugate sgts perpendicular to the stratal face show t‘-l()PgW'iR(%‘ hit'*'“
respectively of 30" and 120°, while a weaker third series has w4 niteh of 40
ret of ** back-Joints » is present, parallel in strike to that .of the rt;;'k% |

These fractures are strains of L

probably two peri oy et
zone by earth movements. periods set up within the cresti

A mumber of expoxiires 111

Away from the zone of contusion and sever ; p
Wi ; by ~ ' ¢ fract, s of the
fold, tectomc uniformity is reached by the rocks Showinnl;nag ;JEL {he lm:tl" ;:tt dip
of aboant 50° to the W. 30° 8, ‘ - Tatrly eonsta
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Perhaps the most spectacular part of the Rawdon Vale Structure ig that to
be found along the Barringteon River, where it flows through the country between
Rawdon Vale Homestead and the Cobarkh-Copeland back road.

Along this road. as it passes through the down-like meadows of this
beautiful property, one can fee much tha-t can be linked with the magnificent
section displayed on the right bank of the Barrington River, TFrom the Copeland
region the rocks are seen to dip westward and Tamworth Beds give way to
Barraba. Then the Barraba can be seen in splendid westward-dipping exposures
which steepen as one zoes westerly upstream along the Barrington River. Soon
a great fuult zone s Teached, drawing down the rocks to a vertical attitude.
This is a true normal fault and has no evidence of any lateral shift. It is
abgolutely vertical, and away to the north there is a series of vertical fault-face
outcrops, the like of which the author has rarely seen in the case of revealed
fanlt surfaces.

Immediately west of the fault the Burindi rocks dip baeck to the east, and
then eventually the axis of a small anticline 13 crossed and the Lower Buorindi
resume the soath-westward dip of the main westeru limb of the Rawdon Vale
structore. It is clear that the small anticline has been determined by the
dragging effect of the large fault reversing the dip in the neighbourhood of
piaximum displacement.

Tas MYALL SYNCLINE.
General,

This featnure is marked by considerable structural complexity in the central
portion. It siretches from the Puaeific constline north of Port Stephens to the
rocky bheadlands of Seal Rocks, Treachery Head, Charlotte Head and Cape
Hawke, and embraces all the country west to the v a,l]w of the Myall and Crawiford
Rivers. In this direetion the syn(,lme passes inio the Girvan anticline. The
total area in question is about 450 3guare miles, and includes the district of
Bullahdelal, where a remarkable ridge known as the Ainm Mountain dominates
the Lower Myall country. This ridge is the physiograpbie expression of the
Bullahdelah Horst.

Stratigraphy.
The following rocks are present:
Permian : Lower Coal Measures, Upper Marine Series.
Carboniferous : Lower Burindi, Upper Burindi, Lower Kuttung.

The Lower Burindi makes wide areuz of outerop, some partly obscured by
alluviom, sand or vegetation. The rocks are uniformly developed. eonsisting
mostly of cherts and quartzose tuils. There are some crinoidal limestones and
fossiliferons tuits,

The TUpper Burindi consists of rocks similar to part of the Gloucester
c*equei:uze Thus the Productus harringtonensis hed occurs on the east of the
basin, especially in the neighbourhood of Johnson's Hill and Violet Hill at
Myall Lake. In places the rocks are dense cherts.

The Lower Kuttnng consistz of conglomerate and andesite lava. while the
Upper Kuattung consists of coarse conglomerate, rhyolites and toils.

Op the western side of the syneline the Kuttung series has the greater
development, and this asymmetry is brought ont besutifully on the map. The
secfion on the west embraces a series of dominant toseanites and andesites.
while the Upper Kuttung is well developed, inecluding a very great thickness
nf peid tatl,
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The Permian roecks are chiefly Upper Marine sandstones. siniles ol
ironstones, while the Greta Coal Series consists of very course cotrlomerntey,
white tuffs and poor grade eoal.

Structure.

A fairly stable block with econstant regional dip is that of the Seal oeks-
Bullahdelah sector. Here the only departures from the regional Jdip are the
locations: of the fairly heavy faults, such as F1, ¥2, F3 and Fo.

The asymmetric fold suffers an abrapf truncation Ly the Myull-W ukivery
Fault, which thus expressés influence of the earlier formed Stroud Trough, at
its northern end. N

Alunitised Lower Kuttung
Rhyolite ! )

Upper Burinds

Lower
Burindi

, e
- |1 llsh:kl

Upper Marine

Series / |
Coal Measures
In Erough

r O
o
»

sandstones, ete., while a thin devely men :_. Vel Ubper Marine tossiliferous
intermittently. The. axis of the Sysﬁgﬁné }:}}zgfi ;;1‘3 Eﬁ;‘st%heol?] Series Is pref?'enti
and is mostly hidden in alluvium, | 18 lilme of Myall River
Underlying the Permian on the west of ¢
A ' 1€ West of the stiructure io 1. ]

K§t11l]ilg, %QHES, I the lower part of which 'Oﬂetflig%t;ufqgol’he well dex-iellopi’-(‘:i
w e"gti eg})ng tos_c.g,mf,e- a}sq: acts in this Way for the I} ;{srmdmatm heds,
mmgﬂiﬂgnstl’ﬂztzﬁsc I;I;e tﬁehg%ilzgp?giﬁ?gt of 't:.h,e "a-;\rjs Iljig; 01:: tlct‘? Iﬁie most
Horst which is the_ essential S'tlzuéﬁi}re: of t}igmﬁgm}f?}ugf Jarrow Bullahdelah
. Full account of this 18 given elsewhers. We note aim ‘(F;; on map) |

ountain rhyolite and associated straty of the - Ropexe that the Alum

'PPer Kuttung are hounded on

*
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each side by an almest vertical normal fault. In the case of the western side
the adjacent rocks ave talus-covered Upper Marine sandstones, while to the
east the adjacent rocks are certain Upper Kuttung units. The rhyolite is almost
vertical in dip, to the west-south-west. The presence of coarse spherulitic
structure, arranged in lines parallel to the dip. assisted in determining the
tectonies of the Horst.

The evolution of the Horgt is interpreted as follows :

In the earlier phases of the Upper Pal®ozoic orogeny there was produced
along the zone of the present Myall syncline an asymmetrieal fold consisting of
a very steeply dipping eastern side and a less steep western side. After the
causal stresses responsible for the compression “were removed, no doubt
temporarily, pronounced fracturing took place across the fold with the production
of three steep surfaces dipping westerly. Along these strong subsidence took
place, thus placing the various formations in the geometrical relations shown by
thie narrow ridge of rhryvolite bounded by lowlands of U'pper Marine sandstone
and Upper Kuttung. Also, the narrow trough of Coal Measures to the mouth
was preserved because of the development of two opposed steeply dipping
fanlits.

Followed south-westward the bounding faults of the Horst open out
somewhat, but the eastern fault becomes the bounding wall; on the west side,
of a narrow strip of Coal Measures (see Figore 2). North from Bullahdelah the
whole structure is cross-taunlted.

The Myvall syncline was formed at the time of the Hunter Thrust System
stress episode. In this eastern area the Thrust System is not present, buf
contemporaneous structures exist.

THE GIRVAN AXNTICLINE.

The Girvan Anticline igs a simple structure except for the northern end of
the fold, where considerable complexity exists. This complexity is diffieult
to nunravel becanuse of the prevalence of forest growth and inaccessibility, but
from Forestry Comimission tracks and otheyr limited access it has been paossible
to assess various data and interpret as shown on map.

The anticline is clearly exhibited by the exposures in the region abouf
Girvan village and in the cleared but uninhabited country between the Booral-
Bullahdelah and the Karuah-Tea Gardens rcads.

There is not much variety in the stratigraphy of the Lower Burindi Series
which makes up the bulk of the fold. These comprise mudstones and tufts, with
fossil zones pronounced in several places. Thus at Girvan Brachiopoda and
Bryozoa are abundant in olive-green mudstones. Then again, in Bundabab
Creek, in the south of the area, beautiful examples of Spirifer sp. nov., are
common in a tuff exposed where the road crosses the ereek.

The axis of the anticline can be fairly satisfactorily placed because of the
abundant outerops on either side of the Booral Road. For example, rocks are
horizontal, right on the crest, at a point about 30 chains east of the Nugra Road
iunction with the Booral Road

There is a cood deal of minor faulting, seen on the Branch Road. Little
major faulting has been detected except for the special sector near the head of
the Crawford River. The place of the anticline in the stroefural history of
the Stround Trough is considered below.

SBYNCLINAL STRUCTURE ON BROUGHTON ISLAND

Broughton Island, lving to the morth-east of Port btephenb, gives an
intriguing section of the Upper Kuttung Series which is cut off by a fault against
some Lower Burindi rocks,
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The Kuttung development is of interest beecause of the existence of the

-f.o..lluwing_.. featires ' | ‘e whieh are eqguivident ta
(@) A series of rhyolites with good ﬂmj;r structure which ure equiv,

the Bullahdelah-Alnm Mountain fiows. ‘ o N

{¢) An impure coal Seam ,iﬂ;_:MB'OGitbt(i?n with richly fossiliferons chorty
shales crowded with the Rhacopteris flora. |

(¢} Minor sections diapla,ying deltaic oontrol of some Upper Kuottuug

sedimentation. ) _ .
The chief structural feature is the Syncline which trends N. 22 \\' eross

the island. The axis can be located and the axia) pPlane appears tu e inclined
St%PIY to the south-west. The dips on either side are about 10 .

This syncline is. the central portion of the continuation of the Myt Sy neline,
but the presence of a lower tectomiic horizon here as compared witle thee ceinland
(see map) implies one of two things ; either

{a) there has been upwarping of the synelinal fGoor north of Hronel:ton

Isiand, or

{6} the structure on the Island hag been faulted away from the wain syvneline.

| THE GRESPORD-WALLAROERA ANTIOLINE.
General.
Thig is by far the laxgest single bro

= ; e broad structural entity in the recion wader
consideration, b&ing~asppl'ﬁé;i1i;a;j;§1m 900 square miles in areq. [{ covers @ large
porfion of the central zome Of the provinee and 8pans the region betwern the
prroud-Gloucester Trough. and the zone of basing whick lie ulong fhe bielt from
Paterson to the neighbourtiond of Aberdeen. The anticline is stronsls 1miodifiod
i ifs most south-easterly sector by a very complicated » 16 OF eoniliot Dt w e
the earlier structures. (such 48 the Stroud Trough) and the Tater tremids which
ﬁnd exljl‘esgi{}n in. the . LaT e o

a fairly constant dev eloptrent of th; Ore ig BoOTth-west—south-east. @ tln'-.ri!' [;
oy constant developriel ot Luis trend.  The anticline 1y he subedivide
mto (a) the Main Fold, (h) the Welshman’s Creek Dome und Busin, ) the
53:1?1?32 Anticline, (d) the Williaszus River Anticline and the Dmun's ¢ 'reck
avacihne,

Of these the last three have been déscribed i i 1
e oot T fha .o NG scribed in earlier pupers, and fhere is
;:;é:e;geag?ﬂeggegmi téle(; case Of th_.e- D'm?fs Creek syncllin}r. to wipeh some
stroctural detail. 0w. The other feetors will be taken hepe i sowe

Stratigraphy.
at th(g)héra}:f G‘? :ﬁz gﬁmmmg Beemqn eut;cmps in the heavily forestod count 'V
country Stretﬁhlﬂf.’. acrossn%rthfr aﬁdWﬂha,mg IVEr8, ag well as i e lower
Strict 2 00ks prosent. eore Mivrannip to the Dungog-Gresford-illdale
tp:‘ < g tItp esent comprige the m?lowingz: T
APPEr Kutfung | .
Lower Kuttuugg .. "t . {Manmnm) 3408 feet
o Maximum)  9'gng ot

The Lower Burindi fnelgde 2 va o Maximpy,) 10,000 fect.
mudstones and the dacitie tIIﬁ"B mthe %:wa't‘ o varied ang prolitic fauna. The
have nothing but monotonions Buring; ﬂfﬂdﬁ?nmon rocks and vory wiide areis

There i no Upper Butindi im gne. | TONER,
well developed in seetiong which h'a,v: %1: 8301}01., beeayse the Lower IKuftung s
of the voleanie sueeess A sei ot

ERR0n ang 33%9ﬁtﬁrj Oﬂﬁﬂ?gt:u?;g fully from the stundpoint
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The Lower Kuttung compriges oonglomera,ten; and a series of lavas amd
agsociated tutfs, The volcamc suecession coustitutes the Volcanic Stage of
Osborpe (1922), In this area there are many flows and all manner of tum

breceias and agglomerates.
The Upper Kuttung Series is well developed in the region between Gresford
and East Tyraman, where the Main Clastic Zone is the chief snbdivision present.

Structure.
A fairly simple anticlinal structure mavrks this unit, although it is goitered

and buckled badly in the culminating zone in the south-east termmal portion
of its uxial zone. It is also complicated by the presence of a series of block-fanlted
maisses in the Dmxgog-(‘hmhe%ter—S‘lhsbm'y -Underbank areas. These blocks
wiil be referred to under a separate heading.

The pitch of the anticline is not marked in the north-west sector, where the
(Carboniferous rocks emerge from the wide cover of the Tertiary basalt flows of
the Burrington Tableland and its prolongations, but south-eastward the piteh
begins to increase and the structure takes on a broader arching, only soon fo be
merged into the complex basin and douie assoeiation which occur near Wallarobba
and Welshman's Creek.

Facies changes in the Lower Burindi throughont this large anticlinal sector
Lave brought together various Burindi types in intimate association with
varving Kattung units. Thus mudstones of the former are sometimes overlain
by T.ower Kuttung conglomerates, while at other times heavy conglomerates,
keratophyric lows “and sandy tuffaceous rocks are the Burindi types to be found

benexth the volcanie sequence.

The Eastern Side.
On the eastern margin the anticline is marked by o strong series of gr antv

faults which have been responsible for placing all rocks for about two miles in

nearlv vertical position. This rather remarkable structural eondition can bc
seen in the country east of Dungog and lying therefrom to the western margin
of the Stroud-Gloucester Trough. In the railway cauttings and in eountlesm
t‘kpﬂ\lues the rocks are always found to be on end., and tv be cut by many small
fanlts which are genetically related to the master fanlts of the area, such as the

Williams River Faalf.
IFrom the Dungog-Stroud or Dungog-Weistmauntels Road to the south there

is a region of mueh timber where the Lower and Upper Kuttung Serieg are
found. These rocks are separated from Lower Burindi (rich in fossils) by the
Williams River Fault, which has dominated every other structure here.

The Lower Kunitung is vxposed in the country between Glen William and
the Washpool near Stroud. A series of thick lava fAows, chiefly toscanite, as
well as the Martin’s ('reek andesite, form ruaged hills to the north-eust of Glen
William. These lavas show erratic variations in thickness. They are cross-
faulted in the neighbourhood of The Brothers, and from this IOGAllfT can be
tracedd through C‘]areneetown to the country sounthward.

In the anticline now being considered there appears to be a gradnal passage
from the Lower Burindi to the Lower Kuttung, espeecially in the low hills north
of Clarencetown.

Practnres through the rocks everywhere testify to the Iairly simple tectonic
cavironment of th&e rocks during their folding, and thus make a strong contrast
with Wallarobba structures which give evidenee of a very mvolved tectonie
evolution and the operation of rotational stress.

An important fault modifying this structore iz the Gresford ¥Fanlt. This
trends novth-north- wost—south-south-east, and is of very strong character.



34 G. D. OSBORNE,

It: ¢an be appreciated by the study of the dips to the north and nenth west of
Gresford. From s gentle dip (12-18°) in the village of Eust Grestoni directed
to B. 15°N., there is a fairly sudden reversal to south-west it 36 10 . Iy
between the two. oppesed dips the crestal zone of the anticline hus Toeen brokaen
hY'*'ﬂl’ﬁef GIESfﬁI’ﬂF&H}t. Thlsfaﬁlltriﬂ of earlier formution than o stasd! s (P8
fanlt which may be seen delineated by certuin steeply dipping beds trending
about north-esst 2 few miles south of Gresfoml,

(8) The Wallarobbe-Welshman's Oreck Complew. The sStritetinges deseribued
manyy'eal'ﬂ ago. bythe writer when the Paterson-Clarencetow 1 e wos hopne
investigated compriged three tectonie entities wlicrh wore initied into ., dove ke
feature, centring sbeut a point in the neighbonrhond of = Glen Coirn

- Agreat deal more information has been obtained by nmrore recent neld work,
atd if}IS clear th&t 1311(3 Gomplem’vy was brought ahoui by the snnheraction of
trend-hnes and by the influence of the Hunter Thrust minvement.

The bagin in thiy sector is small, but of some interest in that (s componet
parts show & marked variation among the hormnmblende andesites a1l 11olesitis
pitchstones regarding both order of extrugion and thick nyess.

. The Bagiun is shallow, and may be noted by the south-west dipe Belween
Wiragnlla and Sandy Creek (Wallarobba) and by the g
‘the Wallarobbs tunnel to the crossing of the North (o
road. —Here the andesite:marker lies very flat,
ElOSeﬁ, and 1133 DORItIo0 fmthe b’.‘"’ad nese of the parent anticline nurks it as an
elengated dq:mp;g..ca’u&e@ hy the Hu:n-ter Thrist novement, It ix covnate i
onigin. with the"&ma'ﬂ Welghman’s Creek thrast-tnult, which is presen Jist near
the:raadway at Welsﬁmaﬂ’sCmek settlerment wht'*l'v."’ urindj I"nl'l'\;.ut FlofYom's
Farm are thrust on to Kuttung lavas and tufre Uit el '

L v RALuIng avas and tufls,
nea&'Téfeéaggnsign;eﬁfe:fgOtft?ﬂ?iai%ns;ggr(;?o;\ f¥”f lft ’ml 1 i»}util'l ; | t’; il : i‘-: uit"l"!t..
Wallaroo Creek. A consigerable amommt of n. e O Hhe feadyaters ol
rocks, and the stiike .6 sierable amount of minor shattering fins affveted the
zzlclktf';,simdtﬂhgh Btuke gf both Tocks and fault. is approximarely N. g0 K. in
CODEYAR W]. ne N-QU W,Stﬂke Which eha.ra(ite!rizes the Nain c"l.~ll'!ti('.|illil] ivend.

the relations of this domal mass o s s

vt ti-east ddip e from
ast Futlway b i Thgoy
This stusllow busin i~ conipletely

;rehi geologieal map shows clearly
eetonie affinitiss gye eleatly with the : -
Slarencetown - Paterson. Klad ol 08 southerly structures of the Seaham-
blar'é;lﬁzt?;if’&gl‘;@ﬁ blOC‘k I"&.th'ELf than with the muin antieline.

the {rontmua,tu:; Q(f t%ntﬁaﬁght through the small core-like Burindi auterop s
considerable distance nf theajﬂtoél F&}]Jt._ (3'3'0 map}, which has been fraced 2
east. o T e south. - This faul, iy sterp in dip, hadine to ihe

To the edst o dern } , .
encountered, Th’i?? fﬁg(gu:f omal centre the ingtructive Butterwick Fault 18
of mjor ¢haracter: Thenfaﬁ Q}E}WOUSIY &ocompronise between fwo  (rendds
the tectonies Ofth@Westem Sldegfagog She fanlt 1% in u direetion intluenced _}’L"
of it strikeg paralel 1o the main v X 17,1'0-11d Trongh, while 4 subsidiary portion

end, namely N. 10° W. 1o N, 207w,

very steeply with & strike N %ma%ked by astrong line of sheay thrust s dipping

made in erder 16 place it more gat o 1243 % €l03¢ survey of this fen(nre $o%
. o hen th%m'ﬂ? In the tectonies of the [Saxt Patersan
The syncline is steeply indenteq © carlier surveys were done in 19225,

genﬂ%,.h fOlded Pateikon angd W nie 1 %li ‘g}: ;;:3:? Surtace which marks the twe

L€ syneline hag. o novthonerih, o o oddChnes.
in its main structurs, 'ﬁéivg%fgﬁh'e%t trend, and is of the natire of o v Scoup
up in the north-east near the by BUNEMe hage of the REGOp 7 shurply wirpedl
o > fead. of Dunn's Creek. The tront of flilw oseonp

1
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is closed by a disconformity or local wnconformity ransed by a covering of
Permian (Upper Marine) sandstones which may be seen on the Maitland Road
just after it leaves the Dunnn’s Creek Road intersection. Here, in paddocks to
the south-east of the reoad, cceur Spwifer beds so characteristic of the Upper
Marine here. Tracing these and asseelated strata over towards the Paterson
2iver near the Duninald Estate, it becomes clear that the svneline is closed
by the Permian.

The syncline shows a marked asymmetry in its stratigraphy and also in
the value of its dips. The efiect of the strueture is to isolate a mass of Upper
Marine rocks which rest with strong everlap upon Kuttung tillites.

In the recent mapping advantage was taken of new exposures to survey a
line of outerop of Speorangia-bearing tuffs which may be seen crossing both the
Dunn's Creek Road and the Sesham Read a few chains in each case from their
mnetion.

To supuuarize, we note that the broad Gresford-Wallarobba anticline
possesses a strong trend which allows it to dominate the country lying to the
south of the Barrington Tops. The anticline is mainky 1n Lower Burindi rocks,
but when we reach the Kuttung structural levels of the fold we find a very
involved arrangement of the various stratigraphical nnits. These can be mapped
with success, and bring out a marked conflict between early Hunter-Bowen
trends and the strocture lines of a later phase of this movement. The
impersistence of some units and the variable natore of the volcamic rocks have
brought abeut a good deal of asymmetry in the various structures. The presence
of the Burindi Series at the domal focus indiecates a kind of “ calmination ”
where the anticlinal front has been piled up, to a mild extent, against the 1gid,
tightly folded Stroud-Gloucester Trough in its south-western sector.

The relations of the various fault systems in the large provinee will be dealt
with in a separate section below, but the mention of two important faults is
desirable at this stage. These arve the Lennoxton and Hilldale Faults. The
former can be traced from the neighbourheod of Webber's Creek Falls right
through to the Welghman’s Creek area. This is a gravity fault separating two
structural sub-provinces. The other fanlt is well indicated by the vertieal
dipping Burindi Mudstones in the railway eutting just bebind the little
weatherboard church at Hilldale. The study of the surrounding country has
vielded evidence that this fault is not extensive, despite the steep dip and the
mechanical alteration of the rocks.

TeE MINDARIBBA BASTY.

Reference to this has been made by Browne (1?-26.) and both Dr. Browne
and the author have surveyed the Basin and obtained data of the beautiinl
examples of progressive overlap that marks the relations of the Permian strata.

The full discuszion is reserved for another place, but this Basin possesses
evidence that assists the investizator who wishes to place the Permian vocks
hetween Eelah, Seaham and Rast Maitland in their correcf tectonic relationships.

The detailed mapping of the Basin was completed by surveying the two
Nporangia tuff horizons whieh outcrop right around the area. On the northem
(or Paterson) side of the structure a flat minor synelinal unit is developed by a

waurping of the strata away from the main unit, and erosion by Webber’s Creek
st Quarry Creek has helped to isolate the minor structure.

TUE SEABAM-KANWARY STRUCTURE ( SUR-T NIT).

This has been termed a sub-unit becanse it mway be regarded as intimately
related to the front of the plunging surface of the Gresford-Wallarobba antichne



36 @&. D, OSBORNE.

in its A vvelo t before the folding dies out and tierges 1nto e ol the
gn::ﬁyﬁnwa;rgzgeiﬁgg: ?ﬂ'?lflch dip southward towards the northern o of
the Cumberland Basin. | | | |

In fact, the present sub-unit, the Dunn’s Creek Syncline and the M l']‘hb}i
Basin constitute three sectors lying on the front of the Luruer wntoline hat
have been caught between the powerful Willinms River Fault wnd th vedesthirust
threshold of the eastern extremity of the Hunter Thrust Systenn,

. Reverting to some deseription of the sub-unit, we note that steep <hear
thrusts of the Paterson-Seaham region are fonud here, all intersien i the Upper
Marine rocks but not displacing the Coual Measures to the south.  Tli< i< «+ fuct
of eardinal impertance. The effect of the faults on strata ap Lo the top ol the
Upper Marine has been te tip the rocks up steeply and to impose [oed vertioal
attitudes with neighbouring steep joints, closely pucrkeil. |

The Kanwary-Seaham sector posgesses R0me interesting ~fioal2r g.hwiii
problems involving the question of the extent of the Greta Cosl Mesres i
this area. The overlap that has been atated for the Mindaribia -0 bl RS
by a similar progressive change in the neighbourhood of ** Brandon 7 property.
W.ﬁerﬁ ALY Yeﬂrﬁ ago |ume boring was done fur the purposes of civen reed Hie
undergronnd extension of the Greta Measures.

Another stratigraphical item of interest ix the extent an.d  clonging
lithology of the Muree Beds between the western and castern zones o The el
The data to hand indieate a certain development throughount (he conrse of the
geological history which eompares rather interestingly with tie .t obtained
by Raggatt for areas many miles to the westward.

In summary, we may note, therefore, that thin Lower Muapiee ~cidiments
and alkaline basalts are succeeded due to overlap by Brauxton amd M- Beds
without the appearance of the Mulbring Beds, before all is Jost b altivimn ef the
Lower Hunter and Williams Rivers,

THE LocHinvar Dowl.

| The Lochinvar Dom-@.g well known in goological literature a: the Hnntet
Valley and eastern Austrah'a, comes up for gtudy in the present. rescarch beeiise

of its importance in the evoluntionnry seheme.
_The greatest interest centres around the question of the adaptation o this
great strueture to the structures north of the Hunter Thrast Rysten in the Lower

Hunter areas (see map) Recently the writ Jonulize the
. o - £ ~VeHVLY the ter has beecn able to rationalize
varlous views about the Lochinvar Dome and adopt o conclusion whont the ared
that is in keeping with the evid

e vidence of the ovuterops - cir pelations on the
northern side of the valley. berops and their ceban

Stratigraphy,

The Dome can be convenienty ' - el
| S . co » 2 Y 3 : r] o~ T ll&L
Wrap around the &Dtiﬁﬁﬂ&l ¥ considered within tlic rdle of onierog

. . portionsg of t‘h{} struc " , T T SRITENLS
onterops coraprise the following - tructure sonuth of the Hans

Upper Marine Series : Mulbrin

. WL g B&dﬁ Muree
Greta Coal Series. ) e
Lower Marine Serjes {see below),
H. G. Raggutt hag dizcussed the

Beds, Rranxion ed~

: Upper Mauri R ¥ . 0 Bar
the present GO it j nf _ arme fully {Rogeatt, 19000,
Loivl;r Maf‘md? 01?:3;21];:2;8 'OE‘émpom}m%'ou}Y to discnuss the stratigeaphy of I'h{:
of the com;!onen[; a1« ’ 3 8 -y & St'udy of 1}118 distt.ri})llti{)[] REIs! i““.]'m-h;'[ l()”h‘
1 " o VMED Slmetural history of ] | mintes
ou _ : : Wy of the Dome.  A- .
t above, the other vity] consideration for the Dresent i‘s;:: : ‘”f T I
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(e of the northern vontinoation of the Dome (beyond the Hnnter River)
particularly in relation to the Carboniferous rocks (which coustitufe core-rocks
of the structure) in the Lamb’s Valley and Gosforth districts,

Maximum thicknesses of the Stages in the Lower Marine are ag follows :

Farley Stage . . . .- .. a8H feet
‘utherford Stage . . . . .. RS % 1) |
Allandale Stage .. . .o . .. Loo0 |,
[.ochinvar Stage .. .. . .. Lo 2,040
Tl)l;ll . = . o v o . > . . 51895 e

isece Olxborne, 149490

The detailed examination of the sequences in varivus parts of the great
fochinvar Provinee, and the eonsideration of the palicon tologieal data, especiaily
with vegard to fucles development, lead one to conclude that within the great
wathern zone of the Tasman Geosyncline in Lower Permian time there was a
marked individualism within the Lochinvar region and its environg, Thus we
can picture the early development of a sagging zone which may have lain athwart
rhe more or less meridional trend of the south end of the geosyncline, or may
Irave been arienfated in a general north-north-west—south-gouth-east direction.
In cither euse this zone lay to the west of the area later submerged by the main
Pormian seas.  VWhutever the orientation of the early Permian Trough, it 18
flesy that a progressive peripberal sinking marked the conditions attending
sedimentatiom from the Branxton-Singleton distriet on the west to Raymond
Terrnee-Bullahdelah on the east,

Ntruetaral Elements of the Lochinvar Dome south of the Hunter Tler ust
System.
We pav recognize the following paris of the Lochinovar Dome {(south
~eciint ) o

) The main antielinal foundaton.

#1 The subsidiary nnticline on the cast side of the axis,

et The Corboniferons core Rt Goanforth.

1 The Carhoniferous inliers near Pokaelbin and at Blair Dugmid,

) The Greta Fanlt (a shear thrust).

i £} The Rudfordslee Fault (nlso o thrust).

it The thiee nssociated faults radianing to the soitth and zauth-east from
- Flillsborough * locality.

(/1p The minor faults breaking through the Greta Measures hetween Pelaw
Main and Cedar Creek (on the wesf),

(i) The minor radiating or ¢ finger-faults * of the Ruvensiicld ared.

The eontributions of the piloneer peologiats Lo un understanding of the
stractural development of the Dome were those of keen observers. but in mare
recent years a weslth of infermation has accumulated and in partienlar the work
of Jones (1939) represents a very close knowledge of the structure in the southern
part of i3 development.  Raggatt and others have made some pertinent remarks
about the problems. However, hitherte no one has studied in the field the
vital uspecis which are traced here, viz. the relations of the stratigraphieal
distribution to the pesitions of the fanlts and the fectonic emvironment in the
northern region beyond the Hunter River.
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The Greta Fault was discussed by Oshorne :u!.d Ruapratt in i1 l:(l[‘[ltf!‘
commmumniegtion (1931), and Raggatt (1940) dealt with some venetic aspects
. tﬁiﬁfggthat the Dome was affected very drastically by the Hunter T'lllt'uat
movenient, and that the minor torsion foults of the Ra \'Nlh‘llt*id-lil:_vlllup 2 Bridge
district and the anticline near Pelaw Main were produced at that time. |
~ The miner faults of the southern gector of the Groeta t)llt('ru]l: T T I.lllv
miney, have béen described almost entively as normal faults.  The strike is
mostly north-west—south-east, and the direction of downthrow viries fron place
to place. The faults -appear to be due to tensionally controlled movemneut.
Final diseussion of this matter is given below. |
The three fanlts (mapped by Browne, 1826) whieh are seen passing through

the central and eastern side of the fold between Jacob’s Elill arwi Belth are
likewise interpreted as evidence of torsion developing prior to ruapture.  One of
these has the distinction of being the last easterly phase of the Tlunti Thrast
System.

Y The three or four small faults striking east-west and displucing the Greta
Measures are due to cross fracturing and are reall v tear-faults,

The dominating pesition and influence of the Lochinvar Dome in the Hunter

diastrophie evolution is elearly indieated on the Map, Part of this dominanee
i3 also qualitatively apprehended when one meditates npon the problems of
structural evolution in this eritical area.
- Thus the importance of the struetural and stratigraphic relations between
the UPPGP'-M&I’iIle Series (at least from Muree time onward) and Liter sediments
make it cléar that the Lochinvar Dome had begun to rise at the clo<e of the
Muree Stage. (This is well known to N.S.W. geologists, but its place in the
present treatise must be made clear.) Thus round the southern Hanks of the
Dome we gain evidence of the character and magnitade of the caely phases
of the Late Palwozoie diastrophism. The role of the Carhoniferins inliers is
of some interest, _ As discussed by Osborne (1849) and elsewhere, the presence
of these masses 1ndieates the distinet physical change that occurred in pre-
. It is natural,

: s ~ ) therefore, that we should enguire dax To
whether these hard foundations within the sedimentary muwss inparted
hetemgenelty which would lead to differential reaction by the procks when
S_tlf_e‘ssed by the varions torees that were Impressed upon the l‘l“;i()n. [n answer 10
-t-hls SRy we ﬁ?ld tha't--,'the Blair Dugnid inlier has had Ii:u noticenhie etfect.
b‘?ﬁ_ m the Pokolbin area it ig clear that the hard basements rvising throngh the
fndlﬂlenl’ary III.%‘L,SS Of the LOW&I‘ Ma;rine, to the stra-tigmphiv level of 1he base ot
| ?,nda:le Stage, h&ve:. ggeny Th o e of deformation resulting from ttLu);
he Pokolbin talione v ornd - Lhus there are subsidiary warps to the cast ©
g‘lg faggﬂb% l-mﬁs-mi th‘?’,?{iai‘gmal faults on the east of the Ii\l't'.. Bright inler
sedim éntys %hWeEp _m.(}h?xacte'p,\ye.t-whem the inliers are mantied by Permian
Wlthm themfl I‘.'.bPl%(]};f;m.ent due bo Fhe faults is much lesg (lian that shownd
that the 'fa;nltif ,fv . '.‘.S#ggeﬁtﬂ & View whieh the author assnmes tentatively,
pre-Kuttuns at?ée Orlglﬂaﬂly develope,d in a phase of pre-Permian, il even
i '.g’ € ~Hiovem 6d the Mt., Bl'ig']lt sranndiorite and

. 1ent which displge
presumably were of Devonian age. 1n the

Movement along the faults must hase takel
. Thus it is seen that t . :
higtory hemhers have Pla'yed all Important part i the stri it il

North of the

. - Lochinvar Dome have
L southern portion of the structure. DBrowie
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(1926) discussed some aspects of the northward continuation of the fold and
indicated the propriety of calling the feature a dome. He visualized the probable
conditions throughout the area of the original Lochinvar Dome and summarized
the inferred structural relations north of the Hunter River. Thus the northward
pitch of the dome was shown to be that of the broad anticlinal feature which
trends northward from the mouth of Lamb’s Valley. It was never clear to
students of Hunter River geology, however, just how the following associated
features

(a) the Cranky Corner Basin,

(h) the Moonabung Basin,

{(r) the plunging anticline of Lamb’s Valley,

could be structurally reconciled with the non-appearaunce of Permian beds to
the north of Lamb’s Valley, agsuming a continuance of pitch of the Kuttung
Series in that direction. '

Recent mapping of the area lying between Gresford, Lamb’s Valley and
Mt. Tvraman has solved this problem. The author has found that the north
end nf Lamb’s Valley is closed by the Lower Glaecial Stage of the Kuttung Series
as developed on the flanks of Mt. Tyraman and the northern end of Bell's Platean.
This closure is the result of a south-westward dip which is developed ont & broad
scale from the pass on the Gresford-Glendonbrook Road towards the area known
as Summer Hill on the Paterson River (see Figure 3).

o mid-Lamb's Valley, lying between the bastions of toscanite which
snrmount the Main Clastic Zone, and which are the marging respectively of the
Cranky Corner and Moonabung Basins, there is a shallow basin which hnks up
the west and east dips of the toscanite and associated strata, the northward
plunge of the lower Lamb’s Valley area, and the south-west dip ef the Main
(lustic Zone in the eastern foothills of Mt. Tyraman. Thus the long-delayed
unravelling of this problem may now be said to have been achieved.

THE (JREATER MTRRANNIE BASTN.

The map will display the almost circular nature of the oufcrop of the
indivator lavas that lave been mapped for the Mirrannie Basin. The term
“ greater ' has been applied because in earlier work the inner Mirrannie Basin
was discussed (Osborne, 1926) and the central complex with the trough faults
was fullv congidered. In the later work it has been possible to eontinue the
mapping of beds right avound the basin and to note some outstanding structural
features which give to the large nnit certain tectonic individuality, even within
the great variety of structural features now under review in this Monograph.

Stratigraphy.
The Mirrannie Basin is almost whelly in Kuttung rocks, and these embrace

the following :

Upper Kuttung .. . i . s - 1,300 feet
Lower Kuttung .. . .- .. +.350

The Burindi Series to the north scarcely show the Basin closure. and may he
suid (0 be tectonically without the zone of the basin inflnence.

The Upper Kuttung are conglomerates, tillites, wvarve-rock and thiek
toscanites of the Paterson type. These rocks are best exposed in the centre of
the Basin, and have been preserved partly becaunse of that position but also
because of a trough-fanlt system right in the heart of Mf. Mirrannie.

The Lower Kuttung includes the Voleanie Stage, but not the Basal Stage.
The vulcanicity of the Lower Kuttung in this district was marked by 3
preponderance of andesites and ignimbrites. Hornblende andesites (which
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ave been followed many miles in stroetural mapping) ocenr both at the top
and at the bage of the Stage. The andesites used as datum levels in this work
were the higher group.

Structure.

The Basin bas a shight elongation in the meridional direction, and is budly
broken on the western side by a series of faults associated with the nose of the
Westbrook amticline (see map). The Martin’s Creek type of hornblende andesite
s developed 1n a series of flows, and these can be traced as a group, or oceasionally
tor leag distances as single flows. No better tectonic datum than the andesite
conld be had for the structural mapping.

Recent work has led to the reeognition of a small anticline within the
fratmework of the Basin along the Upper Myall Creek abont eight to nine miles
frontt the Glendonbrook Road. Myal Creek is along the weak zone of this
antieline.

Taking now the main delineation of structure by the avndegites, we naote
that undesite outerops strongly on the western side of The Pass on the Gresiord
Kond, wnd shows signs of the deformation wronght by the movement connected
witli the Webber's Creek and Muanresa faults, Thus steep joints parallel to the
faulis vurke o confused shatter-zone in a guarry near the Pass. From here the
andesite runs o lttle to the west of north and presents a steeply dipping surface
To the west and south-west, gradually earving round o cross the ereeks in the
UPPer 1];“*1; Oof B[yﬂn (‘-[‘(J.(*.k, where i south-westwm'd di[‘i 18 I'egistered near J].lpp
Trig. Studon (see Camberwell Military One-ineh Sheet, co-ords. 44-45 N-.K,
0283, H-W),

From here to Upper Mirrannie Creek the andesite flows inerease in number
and Thickness and i serios of southerly gloping dip surfuces marks the topography.
‘The Lower Wuttuny Series lius now logt some of the dominant voleanie character
which it possessed elsewlhere in the southern part of the Basin, und apart from
the andesites only thin ignimbrites and véddish felsites ave noticed in amongst «
larage quantity of tulf and abnost pure sandstone.

In the northern purt of the struetore the dip is very gentle and contrasts
with the steep dips associated with faunlts of the Basin.,  [ventually the Basin
is zhut off by the Westhirook anticlinal noge with its fracture-complex.

The fanlts of the Mirrannie Basin are to some extent the faults of the
Cranky Corner Basin.  Thevy comprise two main fractires which possess the
most buaflling features, and several minor [ractnres, especially in the central
part of the nnit. npear Mt. Mirranunie.

The two major faults are the Webber's Creek Fault and the Manresa Fanlt.
The former has a steep dip to the north and is apparently o shear thrust relaterd
to, zind trunewted by the Hunter Thrust System.  The Manresa Fault is evidentiy
of irregular shape and variable dip, turning through a zane of Inversion at
loeality near Manresa property at Glendonbrook.  According to the geowetrical
detuils as determined bv the author after eareful field work. it seemsg thut the
faalt is 1o some extent an arcunte one, with a ateep partially conical surface
directed to the north, but modified by an inversion leadiog to @ nearly vertical
alignment across the eastern part of the Mirrannie Busin, in the foothills of
Mt., Tyraman.

The relation of the Mirrannie and Crapky Corner Basins is a matiter calling
fur some thought. It would appear that the former is & much lower tectonic
level than the Cranky Corner structure, and that the Webber's Creek Faaolt has
isolated zones of a former unified strueture, now modified by the thrasting of
the Webber's Creck fault so as {o steepen the dip of the Carboniferous rocks on
the north side of the Fault and algo along the zone of the Manresa fracture.
If one tries to link up the Stanhope Carboniferous units with those north of the
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Webber’s Creek Fracture Zone, 1t is found that the only munuer in whiclh (his
can be done, agsaming the fault to be asteep thrust, is' by postulating a thickeniug
of the strata in the central part of the Basin and a truncation oi the Kuatinng
lavas along a plane that will allow the present geometrical relations, and will
reconeile the great contrast of the thick Veleanic Stage at Stanhope (see Seott,
1948) and the. relatively peor development of lavas in the Mirraunie arens.

Away to the north of the Basin in the valleys of Carrow Brook. Glendou
Brook and Gorrangoola Creek the Kuttung Series, still dipping south, rest upon
the Burindi Series with a notable absence of the Basal Stage and Lower Voleanic
Stage. The Burindi outcrops in the headwater traets leading evenmally to the
heavily forested slopes of the Tertiary capped basaltic and doleritic mwuntains,
e.g. Mt. Royal, Mt. Losy, Mt. Peerie, et

| THE ROUCHEL BASIN.
General,

_The Bouchel Bagin is situated east. of Aberdeen lying between the Brushy
Hill Fanlt and the high land of the soutli-west part of the Mt. Toyal and
Barrington Plateaux. The main stracture covers an area of about 150 xquare
miles, and is drained largely by Rouchel Brook and its tributaries, of which Back
GI—‘%}}: Davis Creek and Stoney Creek are’ the most important,

fhe{ Basin is ;ggﬁ Gﬁmplextham the smaller basins of the Mirran nie, Bridgm:an
and Owens Mount distriets;, but 1t has & very important place in the evolutionary
seheme of the more westerly portion of the thrust-block of Carboniferous rocks,
which are bounded to the west by the Hunter Thrust System.

Th;'e-‘r‘e.l'&tmng.: (?f t};e Bam 1-"'-?" the Beltresy Stracture are difficult of exacet
@etﬁma.t%on,_, as the. country lying between the two is very heavily dissected,
280 ii; ved with few roads or tracks and pessesses in s ome places mueh vegetagive

Stratigraphy.

Full stratigraphic study of this Basin wi i
e 3t Blaog an rmreab o g oy DAS will aventually be :'wf_fom1.-11;411{'.!1
" b g s DOW OCCRpIed by the Kuttune Sep f the Hnunte
Region. The most important discovery made in 1943 b o ooy OF the 1
C e xonele. e b CISCOVery made in 1943 by the nuthor in this tield
gilt"x};? %1;12&&3&% 1?‘[? thi Occumenee ﬁf 5":mmﬂe- -P]I'F-LE;G. in .the- L({;\#er Kuttung
discovered by S. W oa?eP ~. 5%861%%@18 tiop of the Lower Kuttung which hid heen
in the gradual elucidatio T ]i';n 1934 The Rouchelbrook fossil-horizon will help
Euttung areas of N.8 Won %nth? PI’Oblem of the facies changes thronghoent the
Lower Kuttung horizons. no 5 < 0an Beattie hag deseribed the Bryozoa from the
0{.1f-.111' in a .II&ITO.W be}; " Ilif)W belllg disenssed (see QEOC-k-fO].'d, 1947") The fossils
Back Creek, in Portion 34, Pary r sy 510165 which may be traced from
Bridge Qvéi* Rouchel Brook -(f’oi?tio-iis loglri;i,tgi@%gh ..'Gh‘e region of the Cameron
%LS{W‘&_E& t0o FlBhOle @_I'e_ek, about % L R wy AT
B 1 (Woolooma Military Sheet, Co-ords. 4

The stratigraphic position 6f this sone o
from $00-1,000 feet above the base of the C"‘J;‘w? :fK&I;_ly closely pluced. being
The summary of the Stfﬂitigrap}iy S fﬂﬂowg~: . uttung Series,
Lower Kuttung Seriey L
Lower Buvindi .. . o i -+ 4000 feat,
The Lower Kuttone comnrises 1t oo . . 000
of the types &T;;;gi;?%niggvggf | tyﬁﬁBaﬁf S'mge and VOlmnié Stage units
coarse conglomerates and andesites, byt the réi B&ba,l | Stage consists of very
feet, AXmum thickness iv only 700

N 1sh of Rouchel) and south-
mille and a halt to the cast of Kangaroo

09-410 X.8. und 1013-1014
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The Volcanic Stage presents a great display of variety of type and indicates
a period of tremendous explosive vuleanieity since more than half of the veleanic
succession is pyroclastic, there being no area elsewhere (except perhaps the
Myall Syncling) where there is a more magnificent section of tuffs of many
kinds.

The Martin’s (‘reek Type of andesite is well represented in the area making
a series of narrow dip-ridges which look particularly spectacular from the air.
The andesites arve the equivalents of those near the top of the Voleanic Stage
in the Goorangoola and neighbouring areas. In this Basin, however, there is
still a congiderabie amount of material overlying the andesite. These indicators
have been mapped throngh the eentral and south-eastern parts of the Rasin and
they have proved a wonderful guide to the sftructure. The other comimon
lava types which alge assist in nnravelling structure are some reddish felsites of
dacitic composition whieh are often strougly hamatitized. The thin flows of
this tvpe may be followed through the Stoney and Davis Creek areas and are
associated intimately with the Back Creek-Roucheélbrook fossil zeone.

The conglomerates and tuffs of the western part of the Basin are of a general
pinkish or salmon colour and can be directly correlated with beds of the same
character and climatic significance from Martin’s Creek and Bowman’s Creek.

The result of the control of topography by structure has been very marked
In the areas where these Iava nnits are persistent.

The Lower Burindi Series comprises the important Brushy Hill crinocidal
limestone which makes a very dominant inarker through the area, many tuffs
and ghaly mudstones and a variety of felsitic and rhyolitic flows, some of which
are marked by an abundance of red orthoclase crystals. This feature is very
constant in some flows and can be traced for about twenty miles in the case of a
very thin (probably ignimbritic) flow that eventually peters out in the Gundy
Areq,

The tuffs of the Burindi Series vary a great deal in different parts of the
Basin and, in the more easterly portion beyond the uxial zone of the struciure
there is a complete contrast in stratigraphic succession with that of the arveas
neqaver Aberdeen. Thus on the north-eastern side of the axis the rocks are
similar to the Chichester tyvpe of erystal tuff, so prevalent in the Dungog district,
bt in the south-west part of the Basin limestones and caleareous mudstones
are prevalent.

Structure.

The passage from Burindi Series of Lower Kuttung may be seen very well
along the Rouchel Road leading eastward from Aberdeen. The Brushy Hill
limestone outerops on the roadside about eight miles from Aberdeen and is
succeeded by Burindi sediments and red felgsite; and then the Lower Kuttung
conglomerates and lavas make their appearance, dipping easterly. This general
dip is maintained with an occasional reversal and some rolling in the strata antil
the Fault, which divides the Basin into rather separate portions. is reached.
This trends across the arvea so as to cut the course of Rouchel Brook about the
township of Rouchelbrook. This fault throws the rocks into a south-westward
dipping attitude for a short distance but soon the north-easterly dip is resumed.
Certain complexities are seen near Upper Rouchel, and it is possible that a small
wedge of Burindi Series may have been caught up along a steep fault sinee some
rocks almost certuinly of Burindi facies are found liere with much shattering.

After the main Faunlt (which becornes the Goorangoola Fault of the country
more eastward) has been passed over, the roeks eventually resume their eastward
dip and about four miles from Upper Rouchel village the small Davis Creek
Fanlt is encountered, striking north-west—south-east and trending up the Creek.
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en thete is a local rol ing in the strata and soon a strong vertical joint-sy Si\_t&m
gﬁg};ﬁgg lgai}}gc;mmty f&ulﬁng which can be interpreted near  Croffen
hﬂtﬁéﬁf It is not until one has proc:ee‘dgd abont another two miles. near
“Brookdale », that the main synclinal axis is reached. .

From here to' the. east the roeks are of a facies very different. from thar
charactemmg the Burindi on the south-west side of the axis.  We now !!iigv.e
large rolling hilly and broad valleys of monotonous geological character, 1l 1113‘
Wpe of . Burindi. sedlmant i prevadent | 11111311 ome approaches * f\;l grtle Vale
Y;'hel‘e the Weu'kﬂﬁwn Hindallﬁ and S&ﬁﬁbm"y facies uf 1 pure limes tl"t?}(* :-'_I.H d
madstone with &hﬁﬂdant -'braehibmd-s,. bryozoz and occarional  trilobites
reappears. |

The rocks here are dipping to the south-west and ut the head of Houehel
Brook there i3 evidence of the uneonformity between Burindi and Tiumworih
Series (already discnssed on page 13 of this Monograph).

The éffect of the mam fanlt, in asgociation with the curvatuve of the Basin
Pﬁrlphel‘Y; a‘nd bhe hﬁm(ﬁng I’Bglﬁ]l of the BI'HS]]}" Hill Fault all eombine to
bring about the division of the Basin into the Following componen s :

(@} A narrew basin on the north-east of the aren bounded on the st st

by the Goorangools Fault,

(b) A truncated basin in which the rocks are almost whollv within ihe

Sﬁuth“W'BSt pﬂrﬁﬁﬂ Of bhe esntrﬁ(‘rﬁll&l strueture.
“he unit (a) actually 38 the only part of the reégion in which the axial zone can be
Stndied. The comporent; (b) is marked by a pecaliar swinging away of the
boundary of the structure from the Lower Burindi of the H unter River sector

The relations of thig Rouchel Basit to
15 obscured by the Goorangocla Fault, but,
occurs by the westward dip of th
valleys.

the country immediately to the east
| 1118 clear that closure of the structure
¢ strata lying in the Cpper Glennie's Creck

Tmn Scone-Guwiy SYNETINE,
General. |

This 18 a fairly large eon COTTYT N G e RO« v ypiles

s b, Akl A R S BCCUPYIng about 250 SQULle {1nes

o aking most of the eountry between the ling ot o, Wingen Fanlt on the

Isis River on the east. "The novthesn und

-y the Brughy Hill Faglt near Waylands Gap.
A considerable Tangs of suor € area 18 very rugged and inaccessible.

: abie range of geologieal featur ¢ amsociated in this syneline,

and the whole region is of great interest because the Broch. oy a SYRCME

. ~ > A b oot : - o HECause: - ' 1 . Clar 11.—

which there iz some difference opinion S the Brnshy Hill Fault (abot

> of opinion) rang right through the central piart

west. and the course of the Lover

o > are 48 follows :
Thscknggges not determined
. y L. 8ee below
(6) Upper Kuttung Sexies 3 Y fei gw)
(¢) Lower Kuttung Series . 2?-840 "
(d} Lower Burindi Series. | .- 3:000 )
The present anthor has made ohgervais L
map};ped certain horizons, but in the ”__.__gr:va,tpmng oty
thicknesses, especially as F. N. Ha alon - X 1V Wi
some time (Ree Hanlon* 1.947}. 1 hﬂlB been
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The Kuttung Series reaches one of its greatest developments for any part
of N.S.W. It is exposed in a broad belt twelve miles wide, trending mere or
less north-south. Much of the country is-hard to deal with because of its rugeed
character and also becanse of its uninhabited nature and the absence of water
it the sunimer.

The Kuftong Succession is as follows:

Upper Kuttung : Glacial beds (varves and tillites) in strong development,
many thin lavas of acid composition, and cherty shales with the
Rhacopteris flora.

Lower Kuttung : A great serieg of felsites, andesites, rhyolites, ignimbrites
and many varieties of tufl. Very coarse conglomerates, interbedded
with banded tuff, and some plant-bearing grits and sandstones.

These rocks can be examined in a traverse running east-west when the whole
segience is obtainable. From the western boundary of the almost vertical
Wingen Fanlt one finds the strata pulled down to the west by that fault, and
then the sequence goes eastward with an easterly dip except where the East
Wingen Fault intervenes and where heavy jomnting and loeal faulting make the
tracing of the sequence difficult.

On the east side of the area the Kuttung Series is underlain by a great
thickness of Lower Burindi mudstones anhd tuffs and oolitic limestones. The
Kuttung rocks surmount the lower masses of Burindi which are exposed m the
valley of the Isis where excellent eomplete seeticns can be examined. One
magnificent sequence through the Kuttung Iavas and conglomerates and tuifs
into the glacial beds with beautifully developed varve-struacture 18 exposed
on the striking mountain with peak-like top known as Waverley Pinnacle.

Important stratigraphical and petrological problems are presented by the
data given by these Kuttung vocks, but this Monograph cannot encompass
them. The Burindi roeks are of Lower Burindi facies and have many tossiiferous
localities. There is no speeial interest about this unit. The Barraba Series
Iving to the east is not very produetive of fosgil remains, but some radiolaria
and Lepidodendron australe eharacterize this terrain.

Structure.

Tt will be convenient, for the purpose of description, to divide the treatment
of the syneline aceording to three sectors, as adopted below.

(@) The North-West Sector. This embraces the country north and east of
Wingen and is composed partly of Permian gtrata and partly of Carboniferous.
The great fracture of the Wingen Faunlt marks the boundary between the two
Systems from near Wingen to the seuth. The boundary north-east from Wingen
Station is either a continnation of the fault or else a steep Junction plane without
displacement. The Carboniferous beds certainly dip steeply to the west, and
the dip of the Permian, while steep at first, scon Hattens out egnsiderably.

The author takes the view, often expressed by Dr. Raggatt, that the Wingen
Fault, after reaching the latitude of Wingen Station, passes away from its
meridional strike and bears to the north-west, leaving the Pe.m:uan.'rocks to
trend, without faulted junction, alongside the Kuttung Deries Wl}lc}l strﬂ;e about
north-north-east here. The Wingen Fault comes up for consideration below,
but it must be pointed out here that in this sector the evidence isin favour of
| h dip to the west, except for one place where a

it being a steep gravity fault with (o | : ; ) "
slight reversal to the east is seen. This is not incompatible with being a steep

normal fault hading west. From the site of the Burning M Quntain to the
north and north-east, the Permian rocks trace out & sma]! :mtatﬂme‘ and a,ssoelatgd
syncline (see Hanlon, 1947) and this is adjacent to a s:m?le steep westerly dip
in the Lower Marine basalts, and presumably Lower Marine Coal Seams which
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are found east of Sandy Creek and up against the hutiung Piduees slong e

course of the Brushy Hill Fault, just a little south of Wiylawd™s Gap, The
section here. is moét ihstrochve and should resolve any donbtl about the tyvywe
of fault that exists. Thus the Permian Conl Measures (which at pnst e
remembered underlie the basalts, deseribed by Hanlon as Lower Marine e
are seen dipping at angles from 65° to R0° to the west, and e pasted dowr flee
steeply inclined face of the Kuttung units of Glieial Stage, The relations of
01113('1'011 to coutour will not pem.itl of E'Lzlly' arrangeient t"x!'l"'i' a westward ‘lii}
of high value. |

The Kuttung rocks of this gector are noted for their aeidity el reddish
colour in many places, due to the conditions of wenthering smnd thee proo-ties of
original magnetite. There are some glacial beds in sinall developens in bhe
country lying east of the Page River.

The Kuttung lavas aud tuffs show o sheeession o charieteristic of the
J.ower Hunter arcas.

The dip is locally to the west, as explained, but thus is due to the inthienee
of the Wingen Fault iu its downward pull of the marginal rocks east of rhe
fracture. The regional dip is to the cust at about 355, and this constitutes the
western side of the syncline. The axis of the syncline 18 very mueh aftected DY
the Brushy Hill Fault, and it is difficult to show it upon a map nt this stage.

.(b) The Eastern Secdor. Stretching from the Murrorundi-Timor Howd for
twenty miles to the south down the valley of the Isis River we have the lastert
Sector of this syncline, as exposed between Gundy on the sonth and Tior
village on the north. This sector shows the passage of the Barraba into t1se
Burindi, and from these into the Kuttung. The lowlands are in DBarrudn
Muds-tonef_; with L;epu?bdéﬂd?o-n australe, the foothills in Burindi with L. osborn ot
%nd the unbroken high ridge from Snowden Hall to Wayland's Gup. in the
ﬂ:;t;ﬁ%é og?'gﬁ: 112 &tﬁo§é§?t tf,x(;elrl'ent- sh'a.tigra.}?hi(*a.] sections,  Foy example
the whole ¢ Series is exposed up the sides of the imposing Waverle)
t‘hus'?h.gsfcéckgoiglgu_g. thag sector dolp almez‘st counstantly over the whole ared
thus : 28° to in direction W. 208, This is the dominant strike of so mueh
of the Upper Palsozoic strata in N.8.W. |

the ;E}I‘SL%; “:g: éﬁﬂ.‘ qg gf“ﬂt at itshm)'rth-ep; end bounds the scetor, sond frot
and Basal S‘taﬂ‘é M;I;Lks Wﬁiﬁ]ﬁsti?ldnnlpreg%ve section in the RKutfuny Voleuni
Tt oOtage rocks which stand almost vertieal for ab a4 mile and o halt,

Iaterailv. PPy . Vel abont a mile and o na
:ifﬁ:d&a tglgiﬁa;u}ggijm%ﬁlﬁm{sfat:n;f%gwlot 'e(mde'“i“ﬁ, becanse it ig the wuthors
. vt » of Haplon {(which is the same fractare ag the

Biushy Hill. Fauit) is in no se < AW e same fracture as &
DR £) 18 I no sense a thrust, buft & normal fanlt , atpetural
duta seen along the course of the structure Bupportzntl'l‘gs#‘nm. Fhe sttt

Lower down the east . . .
interesting adjustmggxen e;‘?tgia?f;?‘;’( g‘e ‘:11'119-5’ cloges in somewhat. and al
- - : . . ' {48 j l‘uc Ire iS aJ fe t‘ - . = . l"" -
in the 1 3 ‘@ e . . atire of the Isis Valled
he;Tth’]tJeTw al bgtw een__g}mld3. and a point about eight miles north.
"vtag: 'of. tth Soghtt end of the syncline there is a wonderful
'y A e 413 _ . _ ?
Country). Thiclll; Eﬁﬁélgilp:ri%smmﬁo ]j:ge catfings (and algo in the nearby
reversion to Burindi tuff-facies oceur hér::y coarse boulders and oceasional

A poted bulging in the outero

e . TOP of the base of the
very irregular boundary exists between Kuttur A
of Cundy. Y ¢x18t8 between Kuttuny an

secetion of the ESTEHY

syneline takes placv antl @

d Burindi in the aves eas?
¢y The South-Western S . T \

the V(V)ingen ‘Fault- orisfl‘;: .\iit:to ,:;\ndTgés 8 a fairly l'f“l"%!e nuit and is bounded DY

cast. The roeks of the Kuttur ‘S‘ ¢ Brushy Hill-Murrnsundi Fanlt on the

nx Series are drawn down and t-hi.:‘-:‘ his Dheell

——
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accomplishied by the Wingen Fault, As soon ag the influence of the Wingen
Fault 1s lost there is a turning over of dip to the east, and this continues right
to the edge of the synchne and even beyond.

The Wingen Fault is responsible for placing glaeial beds against fairly low
heds of the Voleanie Stage. I is in the extreme south-eastern corner of this
sector that a critical zone exists, for here the Brushy Hill Fault breaks through
Burindi strata on the east and Euttung on the west and where Glen Creek enters
the Page River there is a small patch of Burindi east of the fault, but this soon
wedges out and the fault places Kuttung against Kuttung for many miles to
the northward. |

Now the evidence here guuin faveurs ad opinion for normal fanlting. In
fact it is imupossible in most of the zone to interpret it other than a stéep, westerly
divected, dipping fracture.

The elfect of the fanlt on the rocks immediately east of 1t is to draw then
down and make 2 temporary anticlinal bulge against the fracture.

SouTH TEMI BASIN.
General.

Rising in a pronounced ridge out of the relatively low land of the Mwrrurundi-
Blandford district are the highlands immediately north md north-east of the
alluvinmi-skirted upper Page’s River. These hills rigse to halghts well over 3,0{){!
feet in the Iiverpool Range, which is capped by basalt, ag;_d mdeed Mount- Temi
I8 approximately 4,000 feet high, but the bulk of the ridge standing Q?T'St- of
Muwrrurundi and possessing no basalt cap 18 eompgsed of hard Carboniferouns
rocks, and reaches not more than 2,800 feét above gea-level.

The high land iz soon succeeded to the east by the lower country of the
vallevs of Warland’s Creek and Scott’s Creek. In these lower portions are the
outerops of an interesting series of Permian strata which have a disconformable
relationship with the underlying Kuttung. ‘ “

The rocks constitute a partly closed synelinal fold which bas been termed
the Temi Basin by F. N. Hanlon {1947). The author sm*veyed_thl's area in 1941
and has decided to call the structure at present under description the South
Temi Basin, as the Liverpool Range shuts off this feature, and the north Temi
Basin is found on the other side of the range. .

The boundaries between Kuttung and Permian are shown on both Hanlon's
map and on the author’s. They aré substantially the same. The boundary on
the west is a little to the east of Lower Walrla-qd’s Creek, but to the ‘tiest, ‘3{
Upper Warland’s Creek., The eastern boundary is partly to the east of Scott’s
Creck and later swings away to the north-west (see map).

The main structural feature which separates this '(‘ea,r_bomfemus upland from
the plain is the Brushy Hill-Murrurundi Fault. This tltle"has Peen employ_ed
because the writer has now shown that the two faults are identical, the earlier
nanie having been given in 1928 (see Osborne, 1928) and the latter having heen

riven reecently by Hanlon.

Stratigraphy, . . _ - |

The rocks of the area which are dealt with in the preseni research belong
to the Kuttung Series only. There are representa.t_wes of both Vo_lefc}.mr‘ .b'te.lg‘e
(Lower Kuttung) and Glacial Stage (Upper Kuttung). A splendid section
thut embraces both Stages may be obtained by ascending the ridge z:z,t- an 5‘..%"’“.“_
east of the western boundary of the Parish of Murulla. By doing this the
complication of the subsidiary fault (see below) is avoided. L

Along such a section line the voleanic succession is found to hg dlpplllg
towards the south or south-west. This is interpreted as due fo the fanlt, and



G. D. OSBORNE.

not to primary folding. Soon the easterly dip 13 in evidence, und this beconies
stable as oneé goes down Into the valley of Warland’s Creek. The suceession 18
straightforward, and 2 variety of lavas, tuffs, breccias and conglomerates i%

._ -Murrurundi
I
= / . A \
Va //jWaverley |
Y
/‘:.t +
1/
/./
f——

7 Brushy Hill /

X//\Goorangoola
7

Fig. 4—Diag i -
lagram showing the Brushy Hill-Murrurundi Fault as due
to isestatic sag.

seeén before the Glacial S 5
tillites, felsites &nlgtgéc%ta%: ma.ke_. ?tﬂ appearance with a succession 0f Varves
atiytes. In the Voleanic Stage i noteworthy anit. i8 10

hypersthene andesite. pr ‘
south-east end of tﬁeé? %grl;lab}]%y on the same horizon as that developed 3% the
&. Werrie Basin. near the road from Willubadah to N nndle-
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Many of the varves and tillites are jointed by cross fractures, and these make
erosion easy, giving rise to small cross gullies, - |

On the east side of the Basin, as seen to the east of Scott’s Creek, there is a
totally different section. |

The Kuttung Series of the eastern side is found in counutry west of Green
Creek Valley, from about the longitude of a point a mile and a half east of
Wuyland's Gap on the Timor Road. From this line to Scott’s Creek there is
1 sevtion of the eastern Kuttung component of the South Temi Basin. This
component is composed largely of tuffs and conglomerates with Lepidodendron
reltheimianum, L. osbornei and Aneimiies, the last being in the upper levels.

Structure.

The basin has a simple curvature, and the axis is plunging gently to the:
south-east. The asymmetry shown by the Kuttung distribution is ratber
suddenly achieved in a short lateral space. It points to-a very abrupt limitution
of the volcanic rocks of the Kuttung succession. It alrnost suggests that some
movement or faulting may have occurred between Kuttung and Permian time,
but such a suggestion would not receive any supporting data from the area.
There is a slight disconformity between Kuttung and Lewer Marine, but it is
not in line with the facts of asymmetry to postiulate pre-Permian movement.

The paramount structure is the Murrurundi-Brushy Hill Fault (see Figure 4).
This fracture has now been traced and mapped by the anthor for a distance
along the outerop of about 50 miles, and the geological data throughout the
vrester part of that interval leave no doubt in his mind as to the character of
the fuult. At Marrurundi there are features wlich might suggest a thrast, and
this view has been adopted by Hanlon, but the information given elsewhere in
thiy Monograph about the relations of the fault, especially in the Scone-Gundy
Syncline, must override the interpretation of the fanlt as o thrust. It is possible

that movement has occurred more than onee on the fault, and complications

may have developed leading to local structures suggestive of thrusting.

As this is a subject of cardinal importance, the author wishes to emphasize

the following facts about the fanlt and its relations at fli[l}l.lrrtgu?l? :(Ls .-
. e Ca ferons strata exposed at the base of the highlands all along
(@ gﬁfﬁ&iﬁ?ﬁ(ﬂ?ﬁom west ;s.id-eI:)f Portion GQ (Mm'{ﬂla) almost to Warland's
(‘reck are of the Glacial Stage, generally '.lﬂf'lﬂdl_ﬂg VAI'VES, Thefse rocks
are always dipping steeply to the south or south-west, and their small-
scale fractures, ete., indicate tensional conditions during displacement.

(b) The glacial rocks jil;st: mentioned form a shoulder flanking the main

ridge on its south-western side, and the dip throughout the whole of

the * shoulder ” is towards the fault. New Ensland Hiet
: t ad cuttings at the Gap on the New England Highway, west of
. 11&1 urlrlfl(irll‘z‘;fldi and in the exposures down the thxvay towards Ardglen,
the Carbénjjferoi:s glaéz‘al strata are either vertical Or steepl;r dipping to
South~west, and the structures are those associated with gravity-
controlled (not comnpression-controlied) movement.
(d) The only way to relate the Glacial Stage rocks of the sonth ** shoulder

. : . ' wl e

{0 the unmoved Glacial Stage in Warland's Creek is by a strong
?ﬁillgt ttt'-iziéliing south-westward. This 18 an assvelate of the main fuult,
The final opiunion of the author about this fault is made clear below (see

page 7.
Tge TIMOR ANTICLINE.

is k o e st cantral anticlinal belt of the Provinee has been dealt
Withqijlllui }}L)?Ehumnlﬁag; t:r};vcelllll an earlier paper (Osborne et el 1949), where the

i
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general structure and stratigraphy have been outlined without the genetic

aspeets being considered in foll. See mup (Plate IT ).
We now proceed fo consider agpects eomplementary to the scope of the
earlier eommunication.

Stratigraphy and Strictire, |

This fold occupies an impertant median pesition in the zone between the
Temi Basin on the west and the countiry te the east, where a large block of
Barraba and Tamworth roeks lies west of the Serpenfine Line. The muin
antichnal structure is characterized by a. s outh-south-east piteh, and this is
contmued for 15 miles until its unity of form i3 complicated by a group of
structures which lie athwart: the main direction of plunge.

Covering an area of sbout 70 square miles, the anticline possesses 1 domal
core, the origin of which is.treated below. In the earlier paper it was emphusized
that the Middle Devonian limestone had provided a splendid unit for structural
mapping, since throughout its mass there are several fossiliferons zones or
horizons marked by the preponderance of one or two key species. The writor.
in is original survey of the Anticline (1937), Tecognized eight horizons, all of
which have helped in delineating the tectonic features. Dr. Ida Browne has
of importanece. | o |

The Limestone Core is succeeded on both gides by Tamworth Beds and then
by a limited developraent of the Baldwin Series on the western side. Next
Succeeding are typical Barraba mudsfones and tuffs in strong development,
showing many occurrences of fossil platity (Lepidodendron. eustrale)

On the nose of the anticline the arount of supra-limesto

ne strata is distinctly
1o deformation, but
ce between the periods

greater than that on the sides of the fold. 'Phis iy ot due
indicates the probability of some erosion having taken pla
of Tamworth and Barraba sedimentation. ~

However, apart from anything already eommunicated it is now NeCessury
to poinb out: that hecause of the existence of Several very intevesting (including
one rather rare) minor features the Timor Antieline becomes fascinating to the
geologist. These minor features, which will now be described, are as follows -

(@) The Glen Dhu Complex- and adjicent, boundary of the domal core.

(b) The Crestal Rift near Perry’s Oreck. ~

() The Bastern Trough and. assoeintsd fauits,

(@) The warped and jointed strata in the crock sast of the Toie .. .
Portion 62, Parish of Crawnesy, “reex east of the Isis Road, in

(a) The Glen Dhu Complex. (Figure 5.)

Near Glen Dhu homestead a very pronoumced depart . : |

N otire i onestead a very pronounced departure from the simnle

o e asaraeture 18 seen in the elosire which takes piace at the —orr. L
of the main -hm_@t{;m? ‘mass (Portions 20 aud. 21, Parish of Crawney). Here
south-west. + o (TUMPHAg extend along an axis tronding nagbh-cast.

A - diopine steorio s e L He- development of two branches
o overthrust fault dipping steeply o the north-west and enalosing a Bk of
Lamworth Series consisting mainly of u corafline limestone which (by the
evidence of the palentological zZOnes) 1§ hich up-ia the Q:é"iﬁ —— : '
This limestone dips steeply to the nerth-north-weet and o o . 1
small quantities of tuff and eonglomerats, 1OTbh-west and is -associated with
Near by, an outerop of himestone on the Fight hank of 4he Tete e .
- PR Ly T L HE BN Bank of the T
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shows a wonderful section of elosely packed minor overthrust faunlts in small
mmbricate  blocks, the whole section eomprising only about five chains
Iorizontally. A thin bed of rhythmically banded shaly lmestone acts as 3
datmm i delineating the minor structures,

t Tension
Joints
|
/
= /
Tuffs — = Crumpled
,/,2— | Limestonhe
Limestone 4°
3

Ui

Cherts

X

il

i
e |
‘l_-_

il

o 5 10
3 1

Scale in (Chains

Strain Pattern

Fig. 5.—Map of the Glen Dhu Complex,

Cuiting through the zones of minor thrusts are the larger faults bounding
the wedge of Tamworth Beds. These indicate overthrosting from the north-west.

The nature of the stresses that have acted are fairly satisfactorily indicated
by the strain pattern shown in the many exposures. thus, particularly in the
small creek joining the Isie River from the west at this locality, one can see
rhombs of chert and tuff cut by complementary shear joints which intersect at
an average angle of 65°. The directions of these are respectively N. 20° W,



and north-east. One seb iz more pronounced than the other, and this is parallel
to the direction of the major thrust. A further structural feature of interesi
and correlative value is a group of wedge-like masses of himestone encloged by
steep cross fauits within the main block.

The south side of the Glen Dhu Complex is in juxtaposition with flo
porthward dipping mass of limestone which brings about the closure of the d o112l
core of the anticline. It is clear that the limestone here (on the south side of
the Glen Dhn overthrust) has suffered ¢rogs warping due to yielding of the rutk
ander severe stress, and to weakness through heat mechanically produced.
Connected with the effects of the shearing stresges modifying the Timor Antichine
at Glen Dhuisa distinet bend in the axial line (see map) expressing the operation
of a couple.

"Mocuasnl®™ Catorop of Liasatone

"STAIRCASE"® Fault Blocks
near Perrys Creek

Fig. 6.—Diagrams of the Perry’s Creek Step-faulted Trough.

(b) The Crestal Rift. (Figure 6.)

The most remarkable structure tn the whole region, and one which the writer
has not been able to match in all his field experience or reading, is the AL TOW
senkungsfeld or rift which euts actoss Perty's Crook.  Striking a little obliquely
:gjé fij%x:m ,gjm c‘? o :but essentially in the crestal zone oF roof-arch of the foid,

is only about a mile and a half long, and stretches from an elevation of

2,700 feet across the valley Yo Otonls . | A
side. ey of Pexry’s Creek to a similar elevation on the southery

The evidence for the rift is the presence , , .
it oy s it oAk o Smons o oot s
The attitude and role of the limestone is best appreciated by st cl ine the
monument-like outcrop in Perry’s Creek in Portion 168, Parisi: ’o"Eu Crawney
T;n i;l_!‘lsea bt to a height of 30 feet above the bed of the (;reek Close iuut;ﬁv
of this reveals that the sides of the limestone block are carved. dm; " | fr tioni)
f&g V:‘h]{}h operated when the limestone subsided between the bou g - .IP Il('.
n cxcellent clue to the detailed structure is the preséhce | fn Ay a“ & %,
?hythnncany banded limestone which is from the basal part of Oth\a l.mems ,0 >
sequence (so well developed thronghout the Timor region). This " ‘unﬁstt -
can be traced in its successive positions, stepping down from the 1;8 ;‘ aa '“md'
at the north end of the rift to the base of the sturctuve in P € igh 2T ot
rising upward te the south side. - erry’s Creek, and
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Thus within the sunken block there are

‘al Cunrved sides due te local steep symelinal development, caused or

necentunated by drag,

thy Croxs fuults which displace the limestone in an orderly mannper from

the ends of the little trough towards the centre. This structure is
that of a donble staircase with steps arranged in opposed fashion (see
Figzare 6).

Nuiloubt ean attend the examination of this area by a competent geologist,
becaiise the peculiar association of this rift with upturned edges and Cross step-
faulting is discernible after careful investigation and the reading given abave
can be the only valid one. These geometrical relations of faulting are nnique
in the writer's field experience.

(¢} The Eastern Trough.

A smadl well-marked trough is encountered on the eastern side of the anticline
frending from JIsaacs’ Creek two miles to the north. This is due to the
development of two gravity faults which were associated with the early folding,
probably in a period of stress relief.

The faults are steep, and show no noticeable lateral movement. A throw
of at least 150 feet is indicated by the relations of the limestone hereabouts.
Heat generated by deformation has marmorized the limestone into a pinkigh
tisryble.

Collateral evidence regarding the development of the trough is found in the
ocorurrence through the seoil (in Portion 57, Parigh of Crawney) of a sertes of
fracrired masses of tuff whieh possess 2 dxsfmot:rve fracture pattern _qf lozenge
shape. The lozenges (up to three inches in length) characterize fairly large
masses of Led-rock, and are bounded by vertical shear joints which oceupy the
correct divections in the strain pattern assuming COInpression from the _east.
The angle between the joint directions is about 70° These strain effects
are due to the compression which preceded the tensional fanlt period of stress

relief,

(d) The minor folding on the nose-front of the anticline. :
Down the broad zone of the plunging front of the anticline very complicated

3 T i io indi - 15 e the carbonate roek to
crampling exists. This indieates the low resistance Of .
deformation. The best place to stady the folds 15 on the so_nthw.z?xd_ facing
valley wall of lower Isaacs’ Creek. Here the convolutions can be examined.

At the most carved sections of the minor anﬁc-linal_ folds there are small
overthrust frauctures which replace the tensional fractures of the less strongly
puckered material. This indicates that the early erestal tension joints of a
unit become the place of lateral displacement when the- 311“?}1[\3 leans over to
be nodified in shape by the eontinued operation of compressive stress.

(e) Warped Zones at the South End of the Fold.

: : . e minor siinetures which are of
A very interesting and informative group of minor 8 had .
R nme%li; may be seen.in certain places in and

value in sizing up the tectonie enviro nay :
near Portion %Q.I)Parish of Crawney. Thus in a small .ereek near the ¢ip of the
anticline a broad outcrop of tuff gives evidence of uneven WaArping near the axial
zone. The minor features present are almost like text-book examples. They

include ' |

(i} Steep joints intersecting at $8° and bisecited by the direction of
compressive stress component. ‘ . ‘

(ii) Anticlinal bulge perpendicular to the direction of compressive

component.



(iii) Cross fractures perpendicular to the direetion ef tension.
(iv) Small thrust faults with minjieal displacernent almost parallel to (e
" trend of the anticlinal bulge.

(i) Small-scale Imbricate Structure in the Tamworth Beds of Branch Creek.

" In seversl places in the ereeks to the south of the disappearance of the
fimestone tlie overlying Tamwerth Beds show interesting small-scale structures.
some of which. are post-depesitional, and therefore of use in unravelling tectonic
development. Others are quasi-para-depositional, guch as the beantifully
developed casés in the creek bed within Portion 82, Parish of Crawney. In a
largc block of Tamworth Beds 18 tiny overthrust faults cut an 13 inch bed of
cherty-claystones and produce a perfect seb of imbrieate schuppen recalliny (o1
amall scale) the clasgic imbricate zones of the Seottish North-western H ighland
hrusts., Evidence of the almost para-depositional character iz given by the
undisturbed strata above and below the fractured bed, and the absence of any
shattering of lateral displacement of the enclosing strata.

Tap BELTRELS STRUCTURE.

The title “ Structure »* has been applied here rather than any more definite
term because the expression of the geological architecture in this arew is really
ill defined. Briefly, the Beltrees Siructure lies in a region mostly of Devouran
and Burindi rocks, but chiefly of the former, which fits in between the various
more definitely developed basins and domes, ebe., that are described a i
congidered.

Thus the area iz a kind of “ no-man’s land ” between the following:
(@) Moonan Syneline, (b) end of the Timor Anticline, {¢) margin of the Scone-
Gundy Syncline, and (d) the north-western part of the Rouchel Basin.

It would appear that if the Beltrees Structure deserves any faivly definite
tectonic title then the térra Dome would be the least inappropriate.

Thus the rocks of the Strueture are found to dip somewhat in an irregular
manner, south-westward towards the Scone-Gundy Basin, north-eastwurid andd
northward towards the Moonan Syncline, and so on for other surrounding folds.

A large development of Barraba mudstones i3 seen between Beltrves,
Moonian and Brush Hill Creek and in the valley of Page's Creek. These rest
on the sides of the Timor Anticlinie, or pass under the edges of the Moonan Basin.

The dips throughout this mass of Barraba rocks are quite low, and tlus
feature contrasts with the rather general higher dip of the Tamworth Beds which
underlie the Barraba with a slight unconformity.

There are few faunits in theé Belirveegs Dome, and the general tectonic character
ma._y(l))e described as that of rolling strata mﬁfinly &Bnﬁfing‘ about E? dlomal focus.

areful study of strike and dip in the Rouchel Basin suggests that a narrow
anticlinal eorridor 18 neeessary to link the Scone-Gundy synlf«,%ie and the Rouchel
Bagin. This would be down the course of the Hunter River between Beltrees
and Sonth Brushy Hill. The influence of such a narrow anticlinal connecting
striicture on the development of the river has been examined, and it is coneluded
that the only method of reconciling the various structural entities and their

features of strike and dip is to postulate that the Bel P , :
the role defined abave. b ¢ Beltrees Structure does occup?

THE MOONAN SYNCLINE.

For many years the existenece of synclinal strncture ;
! e e of synclinal structure about the region of
Moonan Flat, Moonan Brook and Omadale Brook has been knbw:; 'sei; E%rrisono
1918). Investigations in connection with the gold and other ore deposits oOf
that area led to the recognition of this structure,
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The wuthor has examived the ares carefully and mapped certain horizous
wnd has found that the structure is fairly simple, as shown on the map.

The rocks of this tectonic unit are entirely Burindi Series for the central,
¢losed  outerop, and Barraba mudstones for the sheath surrounding the
ceniroclinial portion.  Breaking threugh these rocks ave gramitic intrusions of
probably two ages, viz. Tabberabbersn (epi-Middle Devonian) snd possibly
Kanimmblan or just possibly Late Permian. These rocks have little interest for
s i the present communication.

The trend of the syncline is west-north-west, and therefore more or less
i varianee with the trends of the other impartanﬁ Sﬁm(}tﬁl’% in the regio.n.- and
also oblique to the main trend line of the Upper Palzozoie territory throughout
castern N.SOW. In particnlar the lack of parallelism in axjal trends of the
Moonan Syncline and the Timor Anticline is most marked and raises a distinet
problem. Some remarks on this are made below, in another section,

The strata of the Burindi Series embrace many kinds of tuffis and impure
limestones, and also a great development of vichly fossiliferous crinoidal beds,
These yemind one of the Glen William Beds. It is probable that only Lower
Burindi rocks are present, but some Upper Burindi are not yet ruled out of
consideration. Cuesta-like dip ridges are found where the hard bars of the
Series have resisted differentially and where the curvatnre of the struecture
has produced a changing direction of the ridge or gpine-like trend.

The only large-scale feature to modify the otherwise simple structure of the
syneline is the Moonan Fault, which breaks through on the Boqthem SUde and
can be very satisfactorily studied along the road and in the adjacent ereeks a
few miles south of Moonan Flat.

The south-western side of the syncline raakes a slight unconformable
Junetion with the Tamworth Beds, and this heightens the interest of thus broad
fold,

STRUCTURE OF ROOKBURST-CURRICABAKH SECTOR.

General.

Westward and north-westward from Gloucester a large section of country
in the Middle Manning drainage leads to the foothills of the Barrington Tableland
and the southern spurs of the New England Plateau. In this country, a good
deal of which is very rngged, unsettled _and_‘unggrved by ma.‘ds,-.__the're. 8 a greal
development of Devonian rocks with intrusive masses of acid, basic and nltrq:
basic rocks. The chief interest of part of this country in the present study is
the occurrence of stractures which have been adjacent to the porthern sector
of the Stroud-Gloncester Trough and yet have featured conspicucusly in the

adjustments of the north-west and west-north-west folded tracts to the

meridionally-stamped early strueture of the Troagh.

. : olution in this
For the poses of completing the study of the tectonic evolution in |
areu ad ga,lglgg some idea of ité relations to the | Manmng-MacIeay Provmc-.e
described by Voisey (1938-1941), the author carried out a nuinber of trips.
in some of which only reconnaissance work could be done and in others more

detailed rati e possible. In the rough conntry near the head
of the Mag};?z? :tﬁlmlli’?gxgelﬁarﬂey Rivers, and on gome sections of the Barrington
Tableland T have had considerable help in the organization of hﬁépgdltzons from
local settlers, and their unstinted service is gratefully remembered.

: : i k ¢ don Vale, Boonara

The great properties of Curricabakh, Cobakh, Myra, Rawe )

and m&ngr othg.s I]}f;m been vigited In the task of unravelling the structurai
velations in these wide areas of Devonian rocks.
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Spmmarized Stratigraphy. |

Rookhurgt, 14 miles from -Glouc%ter',. is in a regfioq where the cus tt‘%rly
dipping Burindi Series is suceeeded by the Barraba. Series in strong apd typical
-dévempment-. Thege then pasg dewnward .strsiﬁrgmppmally mnto tuffs, blnish
cherts and keratophyric brecciss of the Baldwin Series. These may be seen

-particularly well-exposed along the Nowendoe Road, north-west from Ro okhurst.

In the hills te the north and east of the Rookhurst-Curricabakh Road (which
follows upstream the valley of the Little Manning and later fraverses the upper
part of the Dewitt River), one can see the striking eliffs of the high range of
jasper which trends in an east-south-east—west-north-west direction from the
neighbeurhood of Mt. Myra (3,700 feet) to Vinegar Hill {1,100 feet).

Betwoen the confluence of the Dewitt and Manning Rivers and Curricabakh
Station there are exeellent seetiong which expose Baldwin and Tamworth Series,
and the relations are fairly clear (see below). Further west in the neighbourhood
of the station one mests the first of the ultrabasic complex which makes a
considerable outerop here and extends to the Pigna Barney River and even fually
falls into ling with the narrow serpentine belt running north-westward tows:s
Barry and the Barnard River. |

A summary of the stratigraphy of this sector is as follows :

Barraba Serieg .. . .. .. - 2,300 feet

Baldwin Serieg .. .- . . <. 6,000

Tamworth Series . . .. .. .. .. 5,500
(AI]l thicknesses are approximate.)

b

T4

Structaore.
The constant observations of dip and

and 1 the creek beds make it clear that
may be summarized as follows :

(@) There is a shight uneconformity between
one hand, and either the Barraba or Bal

(b) The Devonian roeks are thrown intg g
axes approximately north-west—south-e
a8 swing to the west-north-west.,

(¢) Powerful vertical ( and apparently tensional) fanlts cut across the
Barraba and Baldwin Serieg and eguge very steep dipg in the
neighbourhood of the fractures.

(€) On the whole the dips of the stray
areas already dizeussed,

(¢} The diagenetic state of the rocks variag fomewhat, but all types show a
stronger dgvelﬁpmenb of hard cherty facies, pbs,si?bly eonnected with a
more drastic tectonie experienee than had beep the cagse with rocks in
other struetural sectors. N

strike in the many cuttin gs available
the teetonie conditions of this sector

the Tamworth Beds, on the
dwin Series on the other.

- 8yncline and anticline with
ast, but in one place indicating

ta are distinetly higher than in other

(f) Many miner puckerings, tear faults and other att
that the folding hag been severe. Large fanlts
that connected with the Serpentine intrugion,
asgociation of gteep well-cut tensiona] joints.

Some data to substantiate the ab Jusion
(@) Over a good deal of the district the Baldwin ang Barraba strike in the
mterval N. 25° W. to N. 40° W., while the Tamworth Beds show dips in the
direction E. 10 _S.-E.S.E. The values for dip are generally greater in the
Tamworth (omitting the effects of fanlts). ' R

endant features suggest
y With the exception of
showed invariably the
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(h) The road climbing out of the Dewitt River and leading over into the
beautitul ¢ Myra » Estate gives clear evidence that although the regional dip
is to the west there are folds bringing repetition of Barraba, Baldwin and
Tamworth Beds. |

(¢) One of the most satistactory fault-exposures to be seen anywhere in
the provinee is that along the Little Manning River about four miles from its
junction with the Dewitt River. Here intense ghattering and strong jointing
are associated with a vertical fault bringing Baldwin and jasperized Tamworth
Series together.

(d) The steep dip of the strata in general remiinds one of the similar eopdition
seen in the Lower and Upper Burindi rocks of the Bullahdelah-O’Sullivan’s
Gap-Mayer’s Flat geetor.

In both cases the folding is in a zene where much strong crugtal shortening
i< associated with steep gravity faulting and later overthrusting.

Readings of dip along the Dewitt and Little Manning Rivers and also near
Tibbue and Bretti (nerth of Rookhurst) invariably give evidence of strong
COMPTERS1O.

(¢) A corollary of the severe tectonic experience that the rocks have
nundergone is the production of a compact texture and strong lithifaetion. Thus
many of the sediments have been affected by silicification due to regional
cementation by ground waters | iving a texture partly determined by relative
antiquity of the roclks and partly by the intenrity of stress that has operated.
Greater development is invariably seen with Tamworth Beds rather than with
the somewhat newer roeks.

(f) A number of detailed structural analyses made with minor tear faults
cutting through intensely shattered and drag-folded cherts confirmed the
suggestion that strong faults had affected the region on at least Two OCCas1ons,
and that the earlier movement followed a period of strong folding.

FAULTS.

CLASSIFICATION ACCOEDING TO ASSOCIATION WITH VARIOUS STRUCTURAL
ELEMENTS.

In the descriptions of the many struetural entities given above 1t has been
necessary to refer to various faults in a preliminary way, and a certain amonnt
of genetic discussion has been inevitable. T+ is now appropriate to classify the
faults according to the fold or major structure with which they are agsgciated,
peginning in the east and proceeding west and northward.

Altogether, apart irom relatively minor fractures, seventy-one faults have
been mapped, and are shown on the map (Figure . A geographico-tectonic
summary of the famlts follows.

A. Paults of the Myall Syncline.
F1-F5. Booloombayt Fault, Mayer's Flat Fault, Bombah Fault.
Bullahidelah Horst Faults, Waukivory-Myall Fault.

L. Faulls of the Girvan Anticline.
F6, F7. Crawford River Fault No. 1 (probable), Crawford River Fault
No. 2.
Q. Faults of the Stroud-Gloucester Trough.

(a) Marginal Paults.
78, F10, F11, F16, F23. Stroud Mountain Fault, East Stratford Fault,
The Glen Fault, Williams River-Manchester Fault, Washpool

Fault.
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Fig. 7.— Fault Patterns of the Province.
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by I ntra-graben Faults,
Foo, F21, 122, F24, F25. Dewrung Faults, Stroud Road Fault, Tarean
Fanlt, Allworth Faalt.
o, lross Faulis,
By, iz, K13, Fis, F19. Johnson's Creek Fault, Mograni Fault,
Barrington River Fault, Cat Rock Fault, Upper Aven Fault.
vl Faults Geographically Associated with Trough.
Fii, F15. Tugrabakh Fault, Pitlochry Fault.
D. Faults of the Dungeg-Chichester Group. F26-30.

E. Faults of the Wallarobbu-Gresford Antieline.
F31, F32, Fi3, Fid. F37, F38. Bingleburra Fault, Lewinsbrook Faunlt,
Fault, Trevallyn Faulf, Wallarobba Thrust, Hilldale

Gresford
Fauit,
Vo Fuwlty of the Paterson-Williams River Structure. |
F39, Fi0, F41, F42, F36. Paterson River Fault, Hungry Hill Faalt,
Charlton Fault, Butterwick Fault, Lennoxton Fault.

L. Faults of the Lockinvar Dome. | |
F48, F47, F48, F49, F50, Fol. Radfordslee Fault, Greta Fault, Greta
Minor Faults, Ravensfield Fault, Mathews Gap Fault, other Minor

Faults.

H. Faulis of the Mirrannie Baxin. | |
Fa2, ¥35. Manresa Fault, Webber’s Creek Faiult, Central Faults.

I. Faults of the Westhrook Aniicline. |
F53, F54 and F56. Westbrook, Benvenue Fault, Goorangoola Fault.

J. Faults of Grasstree-Owens M. Structure. |
F35, F57-60. Owens Mt. Fault, Grasstree Faults.

Numerical List of Significant Faults.

. Booloombayt Fault.

- Mayer's Flat Fault.

. Bombah Faulit.

Bullahdelah Horst Faults.

. Waukivory-Myall Fault.
Crawford River Fault No. 1.
. Crawford River Faalt No. 2.
. Stroud Mountain Fault.
“. Johnson’s Creek Fault.
10. The Glen Fault.

11. East Stratford Fault.

12, Mograni Fault.

13. Barrington River Fault.
1L, Tuograbakh Fault.

15. Pitlochry Fault.

16. Williams River (=Manch
17. Bowman Road Fault.
18, Cut Rock Fault.

19. Upper Avon Fault.
20-21. Dewrang Faults.

22. Stroud Road Fauit.

23. Washpool Fault.

24. Tarean Fault.

-

Stk U512
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T - -
L]

ester) Fault.
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25. Aliworth Fault.

26-30. Dungog-Chichester Fanits.
31. Bingleburra Fault.

32. Lewingbrook Fault.

33. Gresford Fault.

34. Trevallyn Fanit.

35. Webber's Creek Fault.
36. Lennoxton Fault,

37. Hilldale Fault.

38. Welshman's Creek Fault.
39. Paterson Fault.

40. Hungry Hill Fanlts.

41, Chariton Fault,

42. Butterwick Faalt.

43. Glenoak Fault.

44, Gosforth Fault.

45. Belah Creek Fault.

46. Radfordslee Fault.

47. Greta Fault.

48-49. Greta Minor Faults.
50. Ravensfield Fault.

51. Matthews Gap Fault.

52. Manresa Fauit.

53. Westbrook Fault.

54. Benvenue Fault.

55. Owens Mount Fault.

56. Goorangoola Fault.
5760, Grassiree Faults.

61. Brushy Hill {=Murrurundi) Fault.
62. Hunter Thrust System.
63. Wingen Fault.

64. Wingen East Fault,

65. Isit River Fault.

66. Glen Dhu Thrusts.

67. Moonan Fault.

68. Pigna Barncy Faanli.

69. Myra Fauit.

70. Rawdon Vale Fault.

71. Treachery Head ¥Fault.

Character of the Main Faults.

There is considerable variety in the character of the fanlts. A large number
of the faults are gravity or normal faults, and appear to be mainly the result of
adjustment in folded terrains in the stress-relief period connected with an
episode of the Eo](.ijng. Other fanlts are frue overthrusts dipping towards the
direction from which the causal stresses came. Yet other thrasts appear to be

shear-thrusts and to form components in a great scheme based on the operation
of rotational stress.

In 2 former paper (Carey and Osborne, 1938) attention is drawn to the very
complicated plan of fracturing in the Carboniferous overthrust block of the
Hunter River district. A preliminary analysis of the faulting and its relation
to the folding indicated that a considerable variability of tectonic environment
existed in the Hunter seetor from time to time, in the eourse of the Late Paleozoic
diasprophlsm. La.ter work has confirmed the general thegis put forward in the
earlier paper. It can mow be pointed out that through the large region we are
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congidering there were variable stress enviroriments; and in seme places-successive
movenients were characterized by changing tectonic relations, due to variability
in the direction and kind of stress operating.

The overall plan for a good deal of the area in the main episode of the Late
Palzozoic orogeny was as follows : | | |

Direct compressive stress produced overthrusts and rarely underthrusts.
After cessation of thrusting, gravity adjustments initiated normal faults, some of
which were of considerable magnitude. An important later episode wag marked
by rotational stresses operating so a8 to aceentuate certain preexisting gentle
folds and to produce conjugate sets of shear-thrusts with genetically assoeiated
tensional gashes and tear fanlts of a dip-slip charaeter, In some cases interesting
faults possessing a noteworthy bend or kink (often presenting an angular change
of 50° or 130°) have been formed by the funetioning of fractures in two directions,
the displacement being adjusted aleng two planes meeting to form 4 *° corner”
which in gome cases was smoothed ont into what. appears to be z eontinuous
fracture. The Brushy Hill Fault has this characteristic in two places.

Reference to the earlier paper (1939) will give the data for the fault-pattern
of the main belt of Kuttung rocks ranning adjacent to the Hunter Thrust System
from the Lower Hunter to Scone. These fault-patterns may now be extended
to include other fanlts which appear to fit inte the scheme originally postulated
by Osborne and Carey. (Of eourse, thers are some anomalies and cages where
it is hard to fit faults into a rational scheme, but the region is a large one and
we must expect variable tectonic énvironments from place to place).

To summarize, we way note that, in addition te the faults already deseribed
in earlier works, the following groups can be gstablished by genetic consideration :

Overthrusts.
F26-F30, F7, F38. |

Shear Thrusts (frequently eonstituting Cross fﬁlﬂts)-
F13, F12, F15, F34, P9, F18, F19, F7L.

Tear Faults (perpendicular to the tensional direction).
F35, F36.

Steep Gravity {Normal) Fawits.

F1, F2, ¥3, F4, F5, F6, F8, F10, F11, F16, F20, F21, K22, ¥23, F24,
F25, F31, F32, ¥33, F35, ¥6b.

Special Cases. | _ ‘

Certain large fanlts which have, in past years, been the subject of a gﬂ'ﬁq
deal of discussion among those whe have worked in the Hunter areas still present
problems, although our knowledge about them has increased.

The Hunter Thrust Systen. | |

A ereat deal of evidence is available regarding. this tanlt z0ne (gee Osb.orlne,

1996, 1929, and Rageatt, 1929 and 1941). The undersurface of the fault-block

ig considered by the author to have been rather megtllal‘t;n @nﬁqugl{f ;ﬁgnhgzﬁ
o = Mhrast heine controlled by some preexisting plunging anwuich

movenient of the Thrust heing eonire 4 development for this fault is

and synelinal structures. The probable time of ; - _
dealt with below. The great lcoﬁtrasi‘- between this Thrust and the steep
fault-zones in which serpentine and associated intrusions have been emplaced
is apparent when one takes nate of the analysis of the Wood's Reef (near Barraba)
area. As described below, I am.of the opinion that the.’ Qulm&tmg, event of
the diastrophism was related to this notable contrast in fracturing.



62 G. D. OSBORNE,

The Brushy-Hill Murrurundi Fault.

Originally described by Osborne as a steep normal fault under the ¥itle
¢ Bmshy Hill ', this fracture has proved one of the mogt coniroversial items in
discussions. of Late Palaozoic tectonics. Hanlon (1947) described the powerful
tault at Murraorundi as the Murrnrandi Thrust, but full study of the fault in its
course through the Scone-Gundy syncliie sonfirms the writer’s original thesis
{(see description of South Temi Basin, above). The: fault is on a grand sc ale,
and its progréss from near Singleton to Mmurrurundi i8 marked by successive
characteristics andd successive asfociations with truneated strata. On account
of the good outcrops invariably available in the Carboniferous terrain, one is
able to interpret the geometrical ¥elations of this fault with satisfaction.

As the fault cuts across marked trends developerd in the Late Palsozoic
thrusting; if ig to be marked off as d]ﬁerent from the other normal faults which
are integrated into the parent folds with which they are genetically associated.
and with whose axes they are génerally parallel. This greal fault, therefore, i
later in date than many other normal faults. (See below for further discussion.)

The Wingen Fault.

This is anether fault with a first-rate importance and a dominant rote in
the evolution of structures in the Scone-Murrorundi province. The author has
consistently adhered to the view of Browne (1924) and to his (the aunthor’s)
confirmatory opinion that this is a very steep gravity fault,

Raggatt’s view has been accepted that the Wingen Fault strikes away
north-west from its dominant meridional trend after reaching Wingen township,
in its progress from Segenhoe, where it was mapped in 1928 (Osborne, p. 58%)
and interpreted as the truneating fracture that wiped out the Hunter Thrust.

Mapping of this fault along the edge of the high country between Scone and
Wingen shows that only in about one-fiftieth of its course does it depart from a
steep westerly or a vertical dip. The limited exception shows the fault steeply
inclined to the east. It is considered that such a small reversal is consistent
with normal charaeter elsewhere.

The Williams River Fault (Manchester Fault)

Fist suggested by Professor David and mapped and described by Osborue
(1922), this magnificent fault possesses a very clear-cut character exhibiting
faithfal paraltelism with the Strond-Gloucester Trough (see map). No more
striking evidence of genetic associations could be wished for, The effect of this
great gravity fault has been to place so much of the neighbouring strata on end
and to cause such severe shattering that one is forced to sisirme that snecessive
periods of movement have oecarred. - |

In the north of the westerfi zone, adijacent to the Tro » strong fault
(called the Manchester Fault by Ax;d;r Ja Trough, a strong fat

T oy AN 'e'WS') Was recentk shownr to be the
continaation of the Williams River Fracture. v

The Treachery Head Fault (F71),

. The few exposures that are gvailable along the wide sandhill coastal st
between Myall Lakes and Forster give mmuch :gé'trnetmal :éia,t;‘ﬂ s:}lalde 1‘@2?&1‘(1 thle)%
investigator who has to endure eertain hard hips to get to these ‘“islands ¥’
in the rea of S&Il‘d. AtTreachery Head and the I*ugged headlands Of Seal Rocks,
excellent exposures of Burindi rocks are to be seen. _These dip very consistently
to the west at an angle of 40° and at the former locality are cut by an overthrust
(or possibly underthrust) fault dipping notthward and striking east-north-east.
This fault-exposure is probably the remnant of g very powerful and extensive
structure, since the degree of mechanieal alteration and émﬁip}ing of the rocks
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are very intense. One would be justified in coneluding that high temperature
existed in the rocks at the time of faulting, sinee excessively deformed and flat,
overturned strata are to be seen. Some of the folds are miniature “ nappes ',
piled one npon the other. S

The position of this fault in the Late Paleozoic orogen suggests the possibility
of its Deing one of a series of thrusts developed on thefront of the great plunging
ceanticline which is built of the Middle and Upper Palsozoic terraing mantling
the older sedimentary core and associated intrusives of New England.

The Rile of Faults in the ..*S'mud-ﬁlauﬁastew Trough.

Four sets of faults are présent. Thege may be reviewed again for the
prpose of noting the remarkable degree of fracturing that this narrow structure
has endured. The four groups ire:

() Marginal Faults (perth-gouth).

(h) Intra-Graben Faults (nerth-seuth).

(¢) Cross Faults (east-west).

(d) Minor thrusts in the Crumnpled Coal Measures.

The last-mentioned are thé result of the main south-westward movement
at the close of the diastrophism. The crogs fanlts have relieved the strain
sustained by the Trough when adjustments had to be made in the already
strongly-compressed meridional zones.

SERPENTINE AND ASSOCIATED INTRUSIONS.
General.

Three areas have been examined with teference to the occurrence of
Serpentine and associated basic and ulirabasic intrusiens. These are (e) the
Curricabalkh-Boonara Distriet, (b) the Vailéy of the Pigna Barney River,and
(¢} the Glenrock-Barry District.

Tn the latter two areas the Serpentine océurs in the more or less normal
manner so common in this State, and especially in the northern areas of the
State, namely as narrow, linear intrusions assoeiated with a fanlt zone. The
trend of the belty is W. 15-20° N. In the first of the three loealities there is,
compared with the other twe, & greater variety ol Imirusion, greater lateral
development, due to geveral tongues.of serpentine and basic intrugives, and more
complicated teetonic enviromment.

Serpentines of western New England have been studied by Bensen
(1911-19618, 1919, 1924), but little has been attempted regarding an analysiz of

the stress relations of the intrusions. Quite recently the author has investigated
| and in New Zealand, TFor

serpentine Iintrusions near Barraba; N SW: ‘. , :
remarks about the Barraba ocecurrence will be

correlative purposes detailed rem ! _ i S
made subsequently, in order to bring into focus some of the problems of

serpentines as the author sees them.

¥Field Relations and Evidence. | | , | .

The Serpentines on the Barnard River near Bairy Station behave in much
the same way as those of western New England, i.e. to say the ultrabagic rocks
are in definite fault zones of Some riagnitade, and intimately associated with
large bars of jasper.

The invariable relationship is that the.
are east or north-east of the Serpentine Line.
along the route from Glenrock to Barry Station

that the jaspers and altered Tamworth Series
| These features are well displayed
on the Barnard River.
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At Curricabakh, however, the igneous rocks have a much more irregular
structure and appear to have invaded a shattered terrain where many narrow
intrusiong have been made possible.

The following field data were obtained by a reeent study :

(@) The main trend of the Ionger intrugions is W. 25-30° N, and oceasionally

E. 10° N,

(b) 1naddition to mueh harzbuygite there are masses of dunite, hypersthenite
and many minor intrusions of dolerite.

(¢} The serpentine is intrusive mainly in a terrain of Tamworth Beds,
although Baldwin rocks have sometimes been invaded. There has
been a good deal of shattering prior to intrusion.

(d) The dolerite and fine gabbro which have invaded and wrought certain
hybrid effects upon the serpentine are massive, and give every evidence
of intrusion when stresses were tensional rather than compressional.

Between Curricabakh Homestead and the Pinga Barney River the following
sectlon was obtained, figures for width of outcrop being only approximute.
{(Direction of traverse, north to south.)

Ultrabagic and bagic compléx .. 4,800 feet

Jaspers . C .. .. - 200,
Alternations of gabbro injections and altered

Baldwin agglomeriates . . o 2,000,
Serpentine and spilite breceia .. .. . 800,
Dolerite e e 4,000 ,,
Serpentine with sedimentary ineclusions =" 200 ;,
Jagpers and quartzites .. , 400 ,,

Serpentines amid Tamworth Beds in many lenses 3,000 |,

The petrogenetic relationships of the many basic rocks have not yet been
examined, but in the Barraba (Woods Reef) distriet of western New England

a full investigation has recently beeh made upon the serpentine, in association
with Mr. John 8. Proud, B.BE. Bince the results of that work appear to be of
general applicability to serpentine belts in novthern NB.W., a full account of
Wood’s Reef will be given for correlative purposes.

(I am indebted to Mr. Proud for his approval of the incorr tion of my
Wood’s Reef research results in this Monograpt .) | rporanon )

TECTONIC AND PETROGENETIC EVOLUTION OF THE
WOODS REEF SERPENTINE,*

. The Woods Reef serpentine (using this term collectively for all the ultrabasic
mtrusives and genetically associsted rocks} forms part of the Great Serpentine
Belt, made famous by the researches of Professor W. N. Benson. |

The Serpentine oecurs in a broad belt one to one and -a,. half miles wide
trencj)_ng ayprg}xim%tely N.‘ 2Q° W. i]l.thﬁf main euterop. One marked V‘_irs:atim;
trending N. 23° K. is present in the district. In addition, one or two subsidiary
I_Qt-msmns aeeur, east qf the main mass. The western mamgin ot the serpentin‘e-
is # well-marked erush zone. This zene appears to be more or less vertical,

although in odd places the dip is steep to the west or to the
trend of the western margin is N. 20-35°'W. | he east. The general

* The problems of serpentine-emplacement, made more urgent by th
by Bowen and Tuttle (19498), are not finally considered here, :b'u.% are 6hetszhex bF::i? m;' epochal lmigz?
tion now In preparation by the autbor. . J 01 @ Cornml
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The eastern boundary is less regular and presents a zigzag and at $imes
sinuous pattern, especially in the region where the virgation beging, and within
the virgation itself. The pattern is frequently matked out by alternations in
direction thus : N. 20-25° W. and N. 95° W, Also cubting aeross these direetions
are faulted boundaries trending easb and slightly south of east,

Another noticeable direction contributing to the pattern of the castern
margin and the virgation focus ix that of south-east—north-west. It is seen
then that the directional eontrels are very much in contragt when one considers
the east and west boundaries of the serpentine belt. The detailed pattern
of the eastern side is very instructive, and some furtlier discussion is given
helow. '

The serpentine comples, of multi-intrusion character, has invaded Middle
Pulwozoic rocks, partly Devonian, and partly Carboniferous.

Present in the area are the following :

(i) Burindi Sertes (Liower Gaifbonifemus-).
Basal conglomerate, cherts, jiudstones, tuffs and claystones with
oceasional fossils. .
(ii) Burraba Series (Upper Devonian).
(arbonaceons mudstones and tuffs with odd pieces of Lepidodendron
australé.

(i11) Tamaorth Series. |

Cherts (often Radiolarian), tulls, odd spilite l@vaszs-r, banded claystones
and conglomerates, sometimes sheared mth “gugen ” structure ;
also jaspers in prominent bars or dyke-like development.

The Tamworth Beds do not oécur west -of the Serpentine Belt, and this
fact sets forth the cardinal feature of the altrabagic complex, namely that it
iptrudes a strong zone of discordanece between 'Barraba a-ngi :erindi Series on
the west and Tamworth Seri¢s on the east. All three series have a constant
regional strike of N. 20-22°W,

(iv) (a) The Jasper Bars.

Throughout the Tamworth Series (east of the Serpentine) a prominent
feature ig the oecurrence of dyke-like masses gf jasper, frequently veined with
quartz of more than one period of crystallization. . |

The jasper units are mostly vertieal 1n their attitude, and vary from about

fonr feet wide to as mauch as 70 feet, as seen in one or two places along Ironbark

Creek. Mostly the bars ave 10 to 15 feet wide, with fairly gharp bo‘ur}darigs,

The jagpers are ‘nvariably strongly and irregularly jointed but devoid of
much determinative structure-p attern which could be used to elucidate their
detailed tectonic evolution. In spite of this, however, the writer 18 of the
opinion that they represent, largely, the replacement or reconstatut;on of country
rock by solutions of gilica and iron componndsf .Actl}&lly one good example
was obtained between Woods Reef and Bundarra, jwhere.. it cou.ld be demoust.mt,ed
that the jasper had replacéﬁ and retained the stratified structure of the Tamworth
rocks. ) o

LbThe. strike of the bars is almost always north and south 5%, but two or

ihiree niotable departures from this. general direetion Wereogl)served. Thus the
following strikes were recorded : N. 10° W, N. 20° E.,, N. 20 E.

The tectonie implications of the jaspers will be tiaken later on.

1. TR BEASTEBRN ENVIBONMBEXT,.

o the relative pnportance of the stresy episodes 1n the

In order to apprais . e :
emplacement and subsequent alteration of the igneous cowmplex, the writer

E
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would draw attention te the contrast in tectonic environment of the ureas
respectively east and west of the serpentine belt.

On the eastern margin we have the serpentine strongly sheared and the
presence of the virgation, trending about 45° to the main strike of the belt.

The general plan of the Eastern Zone, using this term for the countrv rocks
east of the serpentine, is that of a strongly folded terrain in which drag folding
Indicates fairly broad pitching of irregular anticlines and synclines. The regional
strike of the zone is N. 20-35° W., and the direction of pitch is variable. Joint
systems and faults are somewhat confused, especially as one approaclies the
serpentine boundary, but they ean be sorted out and analysed more or less
satisfactorily with recognition of the following groups :

(@) (i) A series of “ back-joints * developed during the tilting and/or

folding of the strata. These are best developed in strata with
easterly or north-easterly dip.

(1) A series of almost vertical dip joints (i.e. those gtriking in the
direction of dip).
(1) and (i) indicate pressure from the east-north-east, lLc.
perpendicular to the regional strike.

QUNITE SERPENTINE
WITH ASBESTOS

. ; fo'o_ TAPIWORTH ST ED
, N UNDER TRRUST SERFENTING
sem.es SHEARED AILTS . . '
EnE € ROENTINE bOLERITES PYROKENITEY  gugymens W
. SERIES 12 &1
AR /1/)0&11!1'&5 BAKRABA
1560, AoAd [\P ¥ i
N2
LYRYE YRR 172 s
YR 7 (/e
\ J! . , WIS P
' AN AN pedustily?
. N NN N Yl
< ABOUT 7 MILES >

GENERALISED SECTION ACROSS WOODS REEF AREA

Fig. 8.

(b) Several crush-zones parallel to the subsidiary serpentine belts |
L : . L 1o t tine s and to
the main virgation, N. 30°E. These are connected with Iater
movements in the area {see below). |

(¢} Almost vertical coguate fault-systems trending 165° and 95° which
were eonnected with later phagses of the diastrophic czyele.; - ’

(d) Fault-systems of steep character marked by the absence edr
. _ VY uhe absence of shear-

phenomena. These are due to stress-relief developed during peri(ods

of release from the main compression whieh produced the folds

The Probable Origin and Tectonic Significance of the Jaspers,
The jasper bars are due to the activity of medinm to hioh 1 '
B o oo alUVIYY O to hig mperature
(hydrothermal} solutions containing silica and iron, which h m’f i:_’f;gg;?:gé
partly replaced the T-a;_mwort}:f Beds along parallel faults, mostly meridion%ll '
orientated. The genetic relationships of the jaspers ' e

T4 ted that the : . are not absoluiely clear.
13 suggested that the jaspers are intimately connect TR i :
because there is no part of the serpentine belts ]grndwn ted with the sex pentines,

: , | to the writer where jasper
is found without the presence of the ultrabasic rock. One thgt;l;.:a}iff,ﬁ 1;3 fg;
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by the writer in the Barnard River Valley suggests tha,t qerpeutme has invaded
rocks previously jasperized, but whether this is to be regarded as unusual in our
gserpentine belt areas is not yet known.

It is the writer's opinion that the jaspers are in north-south fractures of
the eastern zone associated with an early phase of the diastrophism. The
invasion of silica may have been connected with the early intrugsion of pyroxenite
(3ee below). Omne 18 mclined to the view that 2 mass of residnal siliea (with
considerable iron) may have existed as & “ light” fraction of the ultrabasic
magmea, and thut this quartzose material may have been tapped by the earliest
of the (‘d]‘ﬂ} -movements, thus riging up and carrying out hyvdrothermal activity
(an action so commonly perforined by silicéous and ferymginous solutions gt
medium temperatures).

It is significant that the jaspers are not in the western zone of the Burindi
and Barraba rocks. 'Thig is due, I think, to twe factors :

(1) There was lttle fracturing in the westernt block beyond the margin of
the serpentine belt. '

(11) The rocks, deminantly argillaceous and notably carbonaceous, were
not suitable for erpla,cemenf or * activation™ by hydy othermal
solutions.

Concerning (ii) it is interesting to note that the jaspers are only developed
in rocks of the Tamworth Series facies (cherts, siliceous tuffs, ete.), where there
is abupdant silica. for reconstitution of thé sediments. This 15 a valid conception
whether the hydrothermal action were early or late in the igneous sequence.

The tectonic implications, therefore, are that jaspers in this region are the
result of hvdrothermal sctivity along fractures in the block on the eefive side
of the fractured region, and that the clear-cut distribution and geometrical
details of the bars indicate fracturing in a period unmarked by torsion or shearing.
1.e. 1n the early part of the earth-movement cycle.

The Eastern Edge of the Serpentine.

The serpentine in almost every case is sheared along its eastern margin,
and this is due to the result of rotational stresses assoeciated with its injection
(see below) and by later (posthumous) slippings, perhaps of Mesozoic or Tertiary
age. Naturally, serpentine will become laminated and *' paste-sheeted “near
its margin, especially if that margin is sensibly linear.

In sunmimary, we may note that the eastern tectonic environment points
to complexity of structural development, p'rodueed in more than one tectonie
episode. There has been direct compression giving rise to folding and fracturing
and associated stress-relief faults. There has also been the ]0(:11 operation of
horizental shearing stress giving a typleal fracture-pattern producing strong
lamination in the serpentines and a development of shear-joints in the country
rocks. The jaspers are to be relegated either to early tensional fracturing or
shightly Iater stress-relief faults.

The Eastern Zone shows that it has taken the brunt ef the diastrophic
forees which assailed the area in Late Palsozoic times. After the development
of a master fault line which is now the western boundary of the serpentine belt,
and which allowed the country west of it to be protected from later deformation,
successive stresges affected the eastern block and * schuppen * o gtructure W&S
gradually brought into existence. These * schuppen ” are bounded by steep
faults.

The Lozenge-Pattern in Xenoliths in the Serpentine.

Throughout the serpentine beit there is plenty of evidence that rotational
stresses have operated about the time of the injection of the serpentine, and also
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slightly afterwards. Thus séveral masses of country rock aud also of jasper
are embedded in the serpentine near its marging. The geometry of these and
their relation to the alignment of fractures is most Instructive.

2. THE WESTERN ENVIRONMENT,

The main western boundary of the serpentine is a pronocunced crusii with
scaly serpentine well déveloped at ceontdet with eountry rock, and extending
into the igneous belt for varying distances up to 30 e¢hains. The eountry rocks
on the western side of the igneous mass comprise the Burindi and Bairraba
terrains. The former are found in a very narrow helt against the igneous rock
and lying between it and the main Barraba outerops. The dip of the Burindi
is mostly steep to the west, but oecasionally it is very steep to the east, or often
vertical. The behaviour of the rocks and their geometrical features of fracturing,
efc., indicate that steep normal faulting with promounced downthrow to the
west has operated.

3. THE IGNEOUS ROCKS.

The igneous rocks of the area comprige :

(¢) A strongly pyroxenic harzburgite, grading in places into pyrosenite.
(b) A more olivinic peridetite (sometimes almost a dunite). |
(¢) Dolerite and quartz-dolerite dykes in great numbers.

(d) Altered gabbro in restricted outcrops.
The order of intrusion is:

{1) Harzburgite (pyroxenite).

(i1) Dunitic rock.

{i1) Gabbro.

(iv) Deolerite.

Descriptive.
Harzburgites.

Variations can be traced where the typieal harzburgite becomes almost a
pyroxenite. Jointing is not marked but several major joints have produced
parallelepipeda of harzburgite, especially where this rock is invaded by dunitic
types. The freshest material is obtainable from two places: "

(i) Ffr{::I]I; the scarp and ridge which occur some distance north-north-east
0i the main western edge of the serpentine, up above the conrse of
Ironbark Creek. ° | r UP the course «

(11) }}1 Broadb‘;:F.k Cl‘eﬂka- at a place a mile and a half north-east of

Anglesey ", where o magnificent exposure shows the relations of the
harzburgite and dunitic rock and the serpentine derivatives (Figure 9).

Dunitic Types.

. The lesq py}foxenic rocks are ncot troe dunites, but have considerable
while enstatite i8 not so prominent as in the harzburgites. '
and sometimes could perhaps be called a dunite, but
between dunite and harzburgite.

They have intruded the harzburgites and then have s iderable

. - P . ve suffered considerable

ehapges, chemical and physical. _ The areas of development are not a8 extensive

as in the case of the harzburgites, but within the lmits of their oceurrence
considerable range of autometamorphic and other changes have taken place.

olivine,
They vary somewhat
mostly are a transition

{Gabbros.

The mede of occurrence is in small intrusions o

. . . . . f speckled rack, often schistose.
They are invariably deuterically altered with the development of featares sod
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decomposition products which, 1n an earlier generation, were referred to ag
saussuritization. These alterations can be better described as

(1) Late Magmatic,

(i1} Dynamical.

Dolerites. -

The tectonie pattern of the dolerites in association with the lozenge-ghaped
pyroxenite masses is an outstanding geometrical feature of the Woods Reef
oecurrence, and indicates an obwous genetic relationship. It appears that the
contributing tectonie circumstanees were such as to facilitate the intrusion of
dolerite magma at 2 time when the significant fracture patterns in the dunitie-

serpentine were being developed.

4, INTRUSION HISTORY.
The foregoing account of the igneous rocks partly states the data on which
we bnild the discussion of the Intrusion History. 7This may now be summarized.
(i) Injection of harzburgite along the main goasi-vertical fault between
the Barraba-Burindi province and the Tamavorth province. Limited
antometamorphic change.
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Fig. 9.

(ii) Injection of dunitic roeks into the pyroxenic types and attack thereon
by solntions to give further serpentinization.

Strong autometanrorphic activity upeon the dunitic rocks, with
selective development of antigoritic and serpophitic material from
clivine, and very limited amount of bastite from enstatite.

{in) I n]eetwn of gabbros through minor tensional fractures and deuterie
action 1mmedlate]\7 upon these basic rocks—these events occurring
not long after (ii).

(iv) Injection of dolerites which, although occmrving after (i) and (iii),
are still to be regarded as within the main magmatic eyele.

. Tecrornic LEVOLUTION.
The following tectomc events have already been described or mentioned
shove in some way, and their coordination is now undertaken.

(a) Compression from the east-north-east during the Late Palmozoie
diastrophism folding the Middle Paleozoic rocks of the district.
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(b) Stress-rvelief and strong gravity (isostatic) faulting to produce, especiully,
the master fault line {formerly ealled the Peel Thrust) along which the
earliest intrusions came. Separation of the west block from the main
orogen to the east. A little overfolding took place along the master
fanlt. Shear fractures along N. 20° W. and N. 25° E. were incipiently
developed.

{¢) Opening of magmatic episodes . . . Invasion of pyroxenic peridotite
during statie conditions in the upper crust producing unstressed
mtrusion. A little antometamorphie alteration of olivine, but none
of enstatite.

{d) Invasion of dunitic rocks #t a time when the tectonic conditions were
changing from alternation of eompression and tension (due to simple
sub-crustal and isostatie controls) to conditions of Horicontal Shearing
Stress, due to the operation of a great eouple associated with complex
sub-crostal drag. This, with the incipient fraetures (see above),
caused the beginning of the lozenge pattern in country rock margins
and the production of the virgation.

(Al of these features and the details described above have been
arriv;;d at by applying the theory of stress and strain ellipsoids to the
area.

A relentless progress of the virgation-development and the fracturing
of the sedimentary and associated igneous rocks went on in the Eastern
Zone and the Serpentine Relt.

In the second intrusion episode the dnnitic recks welled up on the
cast and west of the harzburgite, as well as through it. Several small
dykes of dunite came up in subsidiary fractures (N. 25-30° R.} Iying
to the east of the main belt. Crush effects and complex intrusive
contusions began to develop and the dunitic rocks were serpentinized
into a serpophitic and antigoritic mesh, with little bastite.

(¢) In certain zones the shearing stresses operated so as to produice tension-
fraetures in an easterly direction.

In addition to the effects of the main shearing stresses the effect of Lhe
inherent compressional forces was to give shear-fractures strikine north-east
and south-east, and these were due to the direction of easiest relief being vertica]
at the time. B

STRUCTURAL HISTORY OF THE HUNTER-MANNING-MYALL
PROVINCE.,
Introductory.

_The geological map (Plate III) displays the great concourse
entities that are ra-n“ged throughout the province. These have been examined
in detail and discussion, partly descriptive, partly genetic, has been contributed
above. The course f)f the Late Palmozoic diastrophism iz now to be congidered.
and the structural history presented from the results of the extensive researches
epitomized in thiz Monograph. :

Previous ecountributions by the writer and co
by Baggatt and Voisey. as well as the background of the cumulative data from
earlier work, often by pioneers, have led to the moulding of views about the
Upp(?r Paleozoic earth movements in the Hunter River and Manning River
districts. | -

Various workers agree on certain basic principles, but
opinion exists about several, mostly minor, matters.

of gtructural

rrelative and notewortly work

some difference of
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Movermnent Prior to the Hunter-Bowen Qrogeny.

In order to give a tectonie setting for the appreciation of the detailed
structiural e‘volutmn during Late Permian and post-Permian times, it will be
desirable to suminarize the pre-Hunter-Bowen movements, of which there is a
considerable body of evidence. It is not possible Wl,thm the scope of this
Monograph to trace the full story nor to give an acconnt of the palogeographical
history for the region.

We note the evidence from Rouchel Brook and elsewhere (given above) for
movement between the end of Tamworth sedimentation and the beginning of
Barraba and/or Burindi developments. This implies epi-Middle Devonian
activity. The next item, connected with the same period of erustal activity,
is the guestion of the significance of the granitie inliers of the Pokolbin, Gosforth
and Upper Hunter areas. These are covered by post-granitic sediments ranging
from Lower Burindi to Upper Kuttung. Thus these rocks indicate an age of
at least pre-Lower Carboniferous. Considerations of palzogeography and
magmatic relationships of the batholiths of eastern Australia lead to the
conclusion that these inliers were intrusive into a now-eroded Devonian (excluding
Upper Devonian) terrain. This injection wounld be attendant on the
Tabberabberan orogeny.

After the uplift due te folding and intrusion of the Middle Devonian (and
possible Lower Devonian) roof and wall rocks, the Tabberabberan batheliths
were eroded and eventually subgided. These were ijostatic movements. On
the eroded surfaces Upper Devonian sediments (mostly of the Barraba and
partly of the Baldwin facies) were accumulated. There was no serious break
hetween Upper Devonian and Lower Carbouniferous, although in two places the
writer has found a slight erosional hiatus, ag at Woods Reef in the north and at
Green Creek east of Murrurundi.

The continued sinking through Lower Burindi was related to the isostatic
control of the region, at least during Tournaisian time. At the close of the
Towrnaisian changes in geography, climate and to some extent in physiographic
environment affected the region to varying degrees. Thus the Visean reflects
the varied environment of sedimentation and habitats for organisms, plant and
animal. Some areas were fully marine, others fully terrestrla,l Whﬂe others saw
an oscillation between the two extremes. The detailed stratwraphmal data are
1ot to be repeated lere.

At the close of Visean time the present Provinece, in commeon with a large
region of eustern Australia, was affected by the Kanimbian orogeny. The eﬁecta -
in this area were slicht compared with the large-scale folding and igneous
injections in other parts of the State and Australia. The nuld unconformity
between Visean (upper part of the Lower Carboniferous) strata and Lower
Kuttung (ur Upper Burindi), which has been noted bv Brewne and Osborne in
various places is the expression of the Kanimbla influence. The best area ta
see this stimetnre in the present province is throughout the belt of country
lving north of Claweneetown towards édlson and East Dungog. Here Lowm
Kuttung toscanites are dipping east at 15%, while the overlying Glacial Stage
rocks are dippiong in a slightly difterent direction at 23-25°.

Slow sinking of the areas covered by Upper Kuttung Series went on, 8o
that over most of the Kuottung areas the subsidence did not overtake the effects
of the sedimentation, glacial, tuvioglacial and otherwise. In some areas,
however, the sea was ab]e to mahe incursions giving a marine stamp to sediments
which are the probable equivalent of the marine Neerkol Series of Queensland.

In some places the marine inundations were sustained and led eventually
to the first phases of the Lower Marine (Permian) sedimentary period. Thereafter
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events of tectonic significance were again coatrolled by isostatic forees. We
now have arrived at the stage when a summarized account of the Hunter-Bowen
orogeny would be appropriate.

HUNTER-BOWEN OROGENY.

The latest views of the writer about the Hunter-Bowen Orogeny derivedd
from the personal mapping of the Provinee (including the Lochinvar Dome)
are summarized az follows :

(@) First Episode.

Movement about the end of Muree Stage time producing broad
foldr in the Lochinvar and other areag, and initiating the syncling!
feature known as the Stroud-Gloucester Trough. Causal stresses
operated approximately in a westerly direetion.

(h) Second Episode.

Renewal of stress about the end of Upper Marine fime emphasizing
the previous folding and producing several large and many small gravity
faults, mostly meridional in strike.

(¢) Third Episode (at close of Permian).

Impress of severe earth movement, the cardinal feature of which
was the operation of strong thrusting (maximum compressive stress)
from the north-east. This produced & new grain on fthe country and
erected large and small folds and many overthrusts and upthrusts.
Injection of the peridotites of this province and of the New England-
Hastings area in gencral began early during this episode.

(d) Fowrth Episode.

Modification of the earlier stress counditions (episode (3)) by the
development of a strong rotational stress influence, dne essentially
to the culmination of action by a regional rouple affecting most of the
province, and some country beyond it. '

This episode was responsible for a very marked modification of
pre-existing strcture and for the development. of strain-patterns quite
different from those obtaining previously. The Hunter Thrust
movement occemrred at this stage. |

This was the culmination of the Late Pal®ozoic Orogeny.

We now examine the diastrophism in niore detail.,

The main trends 1mposed by episode (1) were esgentizlly meridionz] with
some variations towards the north-north-east. ¥Folds cognate with the Lochinvar
Dome in the Permian terrain were produced, as were 1180 the Stroud-Gloncester
Trough and the many basing and anticlines of the Carboniferous Belt. Thus
we can cife the following structures as illustrations of that _movement-: Strond-

Gloucester Trougb,' northern sector of Lochinvar Dome, Moonabung Basin.
Cranky Corner Basin. ' |

Development of Stroud-Glowcester Trough.

The evolution of the Stroud Trough enters into our discussion here. for this
was the greatest of the early folds. -

The early condition was that of a simple syncline, possessing a variable
cross-section. Thus in the north the base was flat, while near §h‘0ud Road
there was a distinct * V ° cross-section. Whether the pltmging of the base of
the fold, partly southward and partly northward, was completed 'bV &b
movement is not clear. We know that the pitch was accentuated at the north
end bhv the development of crogs-faulting, but it is probable that early warping
of the floor took place. : X



Royal Society of N.8.W., Monograph No. 1, 1950, Plate 3

i BARNALY | GEOLOGICAL MAP

showing

Ll T

YOMLT N DX
T\}M}})R\\; i Y \ \..\ L \\\ “>\\
\Qfﬁx\i ANTeUNER N ) N\ \\3\\\ S

AN S TN AN NES S
. | 7\

STRUCTURAL ELEMENTS'

TAUVE

of the

HUNTER MANNING
S MYALL PROVINCE

\a R \< _:i:' S ™ ) \ Y
PN RNAN T TR R VRN
% BELTREES) ~t"2= SIS0 s N "
v -~ ' =Y S P N .- Y
AN T WM (A 10oNAN SO SN
. — N — — = X ~
S N I P N T S N -7 NS
&y \ r R | “x..'..._@_f - 3 =7 N
X Jt \\ S-]-\R\L<C-I-\\URE ‘1}\]:&_\\\ " \\\\ - ".3'\—:;.:?%,6 A -7 RN
N T AR AT - ;
. ~N At s R I-_. ;,*,;‘-\ f b
>\ ] ) A8 \\\‘\‘\\ w AR “\?%"'7;;::} LI ) o ¢ \\\5\ .
SN Y NERARG, ISNL S '
. ¥ }} ;’ 7 } \\x\\ﬂk\k\\}\\ \Q\\\\ ;__\ \\ ,z‘?f X{ oA UNSL’R"Q’ED _\.‘: %\}% g}:owcr ' \\,
A ihE S — N SN07, NGRS f-'- e ,'\ - o urindi ]
O{O ¥ \ \\“\ — O \\‘S HLLHHES O~ T s M?:"F-I“F" e N .
y 7l \ \\ \\\\ Stewarts Brook N\t N\ RS s A N i WA i I .Q‘?‘.-CESTER“-——‘*"\L_ AV X
}71".\\ ' \\5 W~ e \\ LA .;;.?BABR]NGTON ¥ RNl =%8N ‘_ _ 'r' .
- . 48 T T St o Nl x/;, ) n SNRLIALL TS 0y 2 - — ’\ - \\ /s Py . . . " .
7 ;” :;_ \ ?h ;«\i : 55 \.\\7 . “f{,{}\ N N \\ L eloo .;/37:; PS ~ J. A -" 5 1L £ 4 F‘_tr . . p ",: :'
QLT TR T LT R ). oy g BT ' YA |
T “\\\ G‘;t? “ \\\\\\ i N T ) o N\ .r" l'
. , 25 ey N Py Ay : e i
B0~ A\ VR 7850 A AN y- SN Y
BTGD}Q - ,: 3 \\ \ '.'\A ‘:/” "\.. / g 1 il . | ]L A : \i ‘\
‘-.-_,_ N - }\ . \,[_[“‘*:{:}f .V‘/-?Z; : .. \ ' ‘Fﬁj/'.: y gFA‘TFO .'_ ;;-: " _z ‘:
. b, 5 / ISy g 3 ' -
Vi NG - Nt
‘T’ A I. .":

\,\ .)\ \ \ \\\ N

g . == \ Ay
R (R = I
Bosslts and Doferites. ™} | | st : S AL\ NI
KN { el § ¢, X \ \ \. !\
Z\ SYsren]| R peguan : ' L\, smiTHs LARERY
PERMIAN . Mostly Coal N} M = :NARNS Q—.}(-\ LA RS)
Measures, Alkaline Basalls 2N 2 STROLD ) \:‘ J\_\ \~ LR
and Marine Shsles. \ - e .
(See Note in th:’re.&ocb}nvar farme) . * . > UELA];{?ELAH'\ \ |
] CARBONIFEROUS. N A J £ BNEEEEN \\ SNQMYALL LaKE \\SEAL ROCKS
N {LOWER AND MIDDLE), Bt - - AN %‘-’K , N )
L A Ruttung Series with Indicator Horizons. - HJUA{ TER | £ Al | AL : 1> A ‘l i | FMUER  SAND -T' ' - Ead y
CARBON [FEROUS. (MIDDLE). . s g 1 - T A=A\ Pt - -
Upper Kuttung Series. i Y fe / D\ N \ﬂ* S
! . F (T v ‘_7( \{\— -1\. ,\}(k‘
, N - , E;’S)i&
+—2r77 LOWER CARBONIFEROUS [VISEAY). === X
A7\ ILower Kuttung Series. W N o -
. s [ B (
x| LOWER CARBONIFEROUS [vIséan). = E &L 1 Y
*;’;24{( Upper Burindi Series. > T - g BROUGHTON ISLAND
—~ -] LOWER CARBONIFEROUS [TOURNAISIAN). | . e s EBURNERS CREER | %
/ / s .- . . ; ol fvfe v : : 5 — » 3 Vyew \ "\ 8
/7| Lower Burindi Series. . 2 i e Y : : AT B ol Ssnnly
. UPPER DEVONIAN.
§\\\\ Mostly Berreba Series,
DY party  Baldwin Serves. 0
MIDDLE DEVONIAN. | _ PORT — P\STEPHENS - 4 o
Tamworth Series. [ ameniors | /{,_,?;J | o NELSONS BAY
( | Il , / Sl e B %71 MEDOY \ >~
MIDDLE DEVONIAN { ALTERED). L OCHINVARH ~ J S ~=-
Mostly Deformed Jemworth Series AWy, Q s e s ey
with “metasomalic Jasper Bars. L0 "f_;z-:,f‘,.ﬁf‘-_.- : |
Structure! Indicators in any Series:
Mostly Lava Horizons, somelimes
Limestone Horizons.
LATE PERMIAN. | p
Serpentinite and Associsted /trabasic (¢
and Basic Infrusions. ]
<7 Granite, Quarlz Diorite and Monzonite e 4 |
N2 2 of more than one Age. N ! SCALE
ANTgn S A\
/g/_ £ NEWCASILE

Geologically Surveyed And Drawn by G.D.Osborme

t




STRUCTURE OF THE HUNTER-MANNING-MYALL PROVINCE. 73

The evidence of the chief marginal faults is that they were genetically
associated with the early epi-Upper Marine movements, becavise the paramount
fanlt of all, the Williams River Fault, does not transect the Upper Coal Measures.
Some of these faults appear to have undergone succesgive movenrents, as shown
by the evidence of smaller sfructures.

Margingl faults such as the Glen Fault intersect the Upper Coal Measures,
but their place in an environment of isogtatic fanits connected with the early
movements suggest they too were then developed, and experienced later
nmovement also.

Intra-Graben Faults.

There may be some eriticism of the use of the term *“ graben’ as an
alternative appellation for the Trough, but there 18 much in the pregent nature
of the southern end of the Structure to justify such a term if the usage be defined
as describing a narrow fold that has suffered considerable normal strike faulting,
subsequent to the compression which made the syneline.

1t would not seem appropriate to call the entify a ** gyncline ”, since in
more than half of its length the margin and the central tract are bounded by
steep isostatic faults. It must be repeated, however, that the strocture does
not show the full range of tectonic evolution peculiar to ** grabens M op “Criftg 7
such as those of the Rhine, of East Africa. and elsewhere.

"The age of the Coal Measures in the Trough is a question full of complexity.
Most workers take the view that probably they belong to the Upper Coal
Measures, whether of the Tomago or Newcastle Stage, or both. The presence
of very thick seams against the interior faults and in Juxtaposition with the
Carboniferous bounding walls ean be explained only by assuming that the Coal
Measures were developed beyond the boundaries of the present Trough.

Pertinent to the present discussion are the following points :

(@) The wide development of Upper Coal Measures ai Medowie, to the
south, and continuously into the Newcastle Coalfield, indicates the
improbability of the Stroud Basin having limited, geographically, the
deposition. of the coal strata.

() The absence of the Meagures between Dewrang and the Limeburner's
Creek district and the data regarding the pitch of the floor of the Trough
show that a considerable amount of deformation of the Trough was
during epi-Neweastle time, probably episode (3) in the Late Paleozoic
diastrophism.

(¢} The disconformity and slight angular discordance between the Coal
Measures and the Upper Kuttung indicates that movement had occurred
before the former were laid down.

Evidence of Trend Lines and Relation of the Trough to Neighbouring Structures.

The critical mapping of three structural entities adjacent to the Trough
has revealed the manner in which the Trough was adjusted to the later episodes
of the Hunter-Bowen Orogeny, especially the climax of that movement., _

It is now clear that the north-west—north-north-west trend which
charaeterizes so much of the Upper Palzozoic rocks of eastern Australia was
implanted upon the Myall Syncline, the Girvan Anticline and the Rawdon Vale
Anticline. The elements may have had some embryo development, which
helped to orientate their later tectonic evolution, but they were confronted with
a strong steeply downfolded Trough at the time of the renewal of stress which
constituted the Hunter Thrust Epigode. The meridional trend was Sufﬁciel}'tly
well implanted on the region to withstand any noticeable mega-deformation.
and thus the folds produced by the Hunfer Thrust episode began fto adapt
themaselves against the sides of the Stroud Structure. The manner in which
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the Girvan Anticline and Myall Syncline come together in & very complicated
territory at the head of the Myall and Waukivory Valleys is clearly displayed
by the map. Several fanlts with sirike-slip character have developed in this
critieal area, and some of the Myall Syncline is thrust over thé attennated apex
of the anticline. Further, the anticline has been able to spread outward in the
region of least confinement to the south, thus contributing a broad nose which
dominates the Port Stephens area.

The Rawdon Vale Anticline has been kept in bounds by the Williams River
(Manchester) Fault, and the dominant trend of the country north of the
Gloueester Trough has been maintained by the development of great thrust
famlts which have some of the features of overthrusts and partly of shear thrusts.
A considerable amount of slip has marked the evolution of the faulting here
Voisey has called this group of fractures the Manning Fault System. Of genesis
cognate with this system are the Barrington River and Mograni Faults, F12
and F13 (see Osborne and Andrews).

Thus the mueh-perplexing problem of the structural relations and tectonie
environments at the region of abrupt change of strike and strain-pattern seen
‘near the north of the Trough has been more or less satisfactorily solved.

The effects of the Hunter Thrust Movement were taken up by the already
existing faults in the Trough due to further development of steep jointing with
atrike-slip. Other faults were developed, one of which is in a shear thrust
direction, and some of these meridional faults brought about truncation of coal
measures (¢f. Tarean Fault and Dewrang Fauits). Others became cross-fanlts
and displaced the trough beodily along east-west fractures.

The wealk coal measures responded to the stress by the development of many
minor folds and thrust-complexes seen so well near Craven and already described
(1948).

In concluding our discussion upon the Trough, we can feel confident that,
trom the large amount of data available, the following couclusions are likely to
be vahd. Thus the sueccessive stress episodes within which the Trough was
assailed wrought the following effects : i

(a) Mild meridional folding initiating the synecline.
(b) Further synclinal development with warped floor along the axial zone.
{(¢) Strong marginal faulting in period of stress-relief.

(d) Renewal of compressive stress to intengify the existing curvature of the
syncline, followed by a relaxation of the compression and the production
of intra-graben fanlts. These were related to a variable longitudinal
sagging oi sections of the Trough. i

(e} Impress of Episode 3 of Upper Palwozoic Diastrophism, with cross
fracturing of the Strueture, and strike-slip movements along marginal
faults. At this time the associated anticlines were jammed against the
sides of thie Trough, and their north-north-west trend-lines were deflected
along the sides of the Trough, and the eoal measures crunpled.

(f) It iz not clear whether the rotational stresses of Episode 4 of the
Diastrophism affected the Trough. Probably not, since the tectonic
environment of this district is in contrast with that of the country
westward where the great conple was effective.

EVOLUTIONARY RELATIONS OF THE THREE GREAT SUB-PROVINCES
OF THE WEST AND NORTH SECTORS.
The broadest pattern of mega-features which we discern on taking a bird’s
eve view of the whole area is that of a series of three great zones in north-west—
sontb-eagt alignment, and a fourth entity (the Stroud-Gloucester Structure)
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which breaks the continuity of the main trends in the greater portion of the area
{(see Plate 111 and Figure 10).

As the Trough has been exhaustively treated, we proeeed, in supumary
form, to review the broad architecture of thie other three zones.

(¢} The first is the zone of fourteen synelinal and centroclinal units in the
vreat Kuttung Belt from the Liverpool Banges to the eoast at Port Stephens.
This range of basins is punctuated by alternating domal structures which
sometbnes are absolutely complementary (tectonically and geometrically).
The modification of the zone from its early structural plan was brought about
mainly by the Hunter Thrust episode and the closely following period of strong
rotational stress-action which gave to the whole Province its eharacteristic
patterng. This zone, which i¢ dominated by synclinal characteristics, 1§ the
sonthern continuation of the W errie Basin of Carey, the W errie structure itself
being a southern extension of the large synclinal conditions known to mark the
Carbouniferous belts away to the north.

The basinsg in the present provinee have maintained the original impress of
compression from the north-east. The western and south-western line of this
zone iz the Hunter Thrust System, which has had a vital measure of control of
the evolution of the edge of this eentroclinal belt.

(b)) The second zone is geanticlinal, and plunges te the south-east. It
stretches from the Liverpool Ranges to the longitude of the western side of the
Stroud Trough. The map displays clearly the core-like position of the Timor
Anticline, whieh itself has been locally domed, due, I think, either to a lecal
stress environment that closed the anticline or to the existence of somie
foundational irregularity that has affected the folding.

Succeeding the Timov Anticline in the south-eastward progress of this zone
comes the Beltrees Structure, which is a modified domal unit. The irregularity
hereabhouty and the structural exoticism of the Moonan Syncline are probleimns
not yet properly solved, but the two possibilities of local cross-warping.or of
* Hoor-influence ¥ (see descriptive seciion above) are worthy of consideration.

After passing the anomalous Beltrees area, we pass inte the grand feature
of the Gresford-Wallarobba Anticline. This has marked contrast of relatively
simiple trend and freedom from fracturing in the north and cemtral parts, and
very complicated tectonic pattern and stress environment in the south, where
thie broad nose of the anticline has been jammed against the preexisting, well-
established, steep Stroud Trough. The greatest complexity on the lower Hunter
oveurs here, and part of this complexity is shared by the Lochinvar Dome,
which was drastically modified in structure, and particularly in the truncation
and offsetting of its axial zone. The trend of the geanticlinal zone wag such that
its offects could not be operative any turther to the south-east.

This geanticlinal zone is the eontinuation of the broad zone adjacent, on
the east, to the Werrie Basin and its more northerly relatives. The anticlinal
influence has been maintained by the persisteut plunging of the Timor-Gresford
components, despite the intervention of the Moonan synelinal influence.

(¢) The third zone embraces the country which structurally ig clogely linked
np with the Manning areas, described by Voisey. Thus the trend lines of this
third zone have changed from the dominant north-north-west—south-south-east
direction to north-west—south-east, and the master fractures are west-north-west—
east-south-east. In this alignment comes the serpentine intrusion of
Curricabakh, a continnation of the Peel line of intrusions degcribed by Beunsoi.

The great break in strueture at the north end of the Gloucester Trough
is vitally dependent on the strength of the major fractures of this third zone.
By considerable lateral displacement the zoune to the north has broken away
from the region that was confined to the west of the Trough and has become
tectonically integrated into the Lower Manuning structural plan.
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PosT-PAL®OZOIC MOVEMENTS IN RELATION TO STRUCTURAL HEVOLUTION :
PosITION OF THE BRUSHY HILL-MURRURUNDI FAULT.

This Monograph aims at a full treatment of the Late Pal@ozoic Diastrophism;
bt certain post-Palseozoic structures and movements are vital in the evolutionary
dlscussion.

The Brushy Hill Fault has been discussed to some extent above, and te
save space it must now be simply affirmed that its relationships with other faults
and its physiographical influence do; in the opinion of the writer, establish 1t as
a great normal or gravity fault, but with certain special features. One such
featnure is that three main directions have contributed to facilitate its operation.
This operation has been essentially a downward movement of a great block
bounded by three large fractures, and one smaller, with directions thus :
(2) almost due east-west near Murrurundi, (&) more or less meridienal from
Brushy Hill to east of Blandford, (¢) N. 40° W. from Brushy Hill to Goorangoola
Creek, and (d) » small zone running north-south. Of these the first, (a), 1s
totally unrelated to any of the other directions in the Province.

My final view is that this great fault is to be regarded as the maxrgin of a
bloek which has subsided during an epeirogenic period, the rocks on either side
of the edge of the bloek having been thrown into attitudes to give the present
features, namely, steep dips parallel to the fault surface.

The whole fracture edge may be regarded as a composite Isostatic Fault.
The age of the Fault is post-Triassic (even if we consider posgibilities of more
than one movement along it), but its relations to the Tertiary basalts 18 obscured
by the fact that the pre-basaltic surface was not everywhere a level suriace that
can he taken as a physiographic and tectonie marker.

There is noc doubt of the Hunter Thrust being of pre-basalt age, and
genetically its age is bound up with so many other structures which we know 1o
be cloging-Paleozoic. Thus the Brushy Hill-Murrurundi Fault is different in
age from the Hunter Thrust. The Wingen Fault is also post-Hunter Thrust
and may be of the same age as the Brushy Hill fracture, or may even be a pogt-
pasalt fault. 'The auntheor inclines to the view that both the Brushy
Hill-Murrarondi Fault and the Wingen Fault are to be placed at the time of
the Maryburian Diastrophism of Queensland, as this was the only post-Palseozolc
movement of magnitude sufficient to make it feasible for us to refer to it the
faults now being discussed.

COMPARATIVE DISCUSSION.

The main pwpose of this work has been to record and interpret the
multitudinons structural data assembled throughout a long period of field work,
and to critically assess these data in the integration of all the obsérvations into
the production of the Geological Map and Sections. In this manner a
contribution to the Late Palwozoic tectonics of Anstralia has been forthcoming.

Comparative studies with parts of Australia other than In N.S.W., and
with extra-Australian areas have been made by the author at intervals 1n his
research, but obviously there is not sufficient room in this work to do just;ice 1o
siuch a grand theme., A full account of the comparative aspects can be considered
in a separate communication,

However, some brief pertinent remarks may be given in the few paragraphs
that follow.

The Place of the Hunter-M yall Proviace in the Upper Palwozoic Tectonics of
Fastern Australia. hin

~ The Late Palzozoic movements aiffected a broad strip of country stretching

from’ the Lower Hunter Valley to the neighbourhood of Townsville, m
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Queensland. This strip was part of the Hunter Bowen Orogen, developed by a
series of tectonic episodes.

The genetic consideration of the marginal thrusts of the oregen, anid the
inereasing tectonic complexity shown as one proceedg eastward and nortlh-
eastward from the Lower Hunter area suggest that in the N.8.W. section of the
orogeu (to say nothing of the Quoensland gection) we are dealing with the west
side of a mobile belt “which arose in a broad central zone out of the Tasman
Geogyneline in Carboniferous and Permian titmes. The eastern side of that helt
lay in the east of the Auatralia of that time.

In N.8.W. the core of the belt iz the ancient New England masgit with its
Silurian horst-like structures, stiffened by epi-Silurian and later (epi-Permiun)
granites. Considerable nmohbility in the crust must have attended the intrusion
of the large late-Permian hatholiths.

Tracing the folds and fault systems from the Hunter-Manning Ieg,ior-
northward bevond the Liverpool Ranﬂes, one finds that although the Werrie
Basin possesses some complexity there is not the same grand display of fractures
produced by rotational stresses which dominated the fourth phase of the Huntesr-
Bowen movement in the more southern province. On northward into
Queensland the tectonic environment is less complicated and the broad folding
and strong faulting present snggest the repeated operation of simple compression
from the east-north-east and north-east.

The western thrust lines prominent in N.85.W. are continned into Queengland,
but change from a marginal position to & more central location.

The broad picture therefore 1s of a strong deformation in Late Palxozoic
time throughout a length of 1,000 miles in eastern Australia; fthe most
oomphcated stress environments of that diastrophism are revealed in the Province
at present under discnssion. The relation of these facts to the ultimate genesis
of the earth stresses is outside the scope of this thesis.

Comparison with Extra- Australion Areas.

In some geological eircles it has been customary to regard the diastrophic
events of the Middle and Late Devonian as final pha%eq (or echoes) of the
(Caledonian Revolution (¢f. Umbgrove, 1947, p. 28). In the present discussion
we can place the Tabberabberan movement& in sucl a ehronological position,
even if not referring it specifically to a place in the title Caledonian., However,
it is clear that the Kanimbla and later movements are marked off from the
Tabberraberran and are to be correlated definitely with movements in Europe
und elsewhere that come nnder the general term Hereynian er Variscan.

Just how far we can carry our correlation between Australia and other
continents will not be determinable until we have more information from other
parts of eastern Australia about the Late Palxozoic diastrophism.

The four possible diastrophie cpochs with which correlation could be
conducted arve :

Pfalzian.

Saalian (Appalachian),
Astarian.

Sudetic.

The most pronounced movement in the Australian Varisean would be the
Kanimblan, and this can be confidently correlated with the Sudetic. The fourfold
character of the Hunter-Bowen Orogenv in N.SJW, prompts a correlation with
some of the remaining three epochy given above, but in the light of present
knowledge one would counsel cantion in this matter. It micht be reasonable to
suggest, with some reservafion, that the strong epi-Newcastle phase of
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deformation was coeval with the Saalian, although there i1s Just the possibility
(not yet disposed of) that the eorrelation should bé with the Pfalzian.

EPILOGUR,

This long account of the many structures in the Provinee and of their varied
roles and experiences in the great architectural plan of the region must now be
concluded. The vicissitudes through which the rocks passed from time to thne
varied in intensity and direction, being sometimes orogenically, sometimes
isostatically (epeirogenically) eontrolled. In between the episodes of the
Hunter-Bowen movenents there was no doubt some erogion, but it was between
the final phases of thut diastrophism and the later Wingen and Brushy Hill
fracturing that much erosion and sedimentation proceeded elsewhere. Another
great: period of erosion marked the middle Tertiary, and gigantic basaltic lava
fields with associated sheets and sills of dolerite (mostly alkaling) had been
developed priov to that erosion. The final struetural experiendes of the Provinee
were 0f the naturve of pulsatory uplifts which eventually raised it to a maximum
elevation of 5,000 feet in the fascinating Barrington Tops region. This
pronounced positive event was thus indirectly responsible for making available
to the investigator an unrivalled display of stvictures built out of a wide series
of terrains by snccessive stress epigsedes in post-Devonian times.
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