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INTRODUCTION AND PREVIOUS RESEARCH.

The present work is a condensed summation of a long series of researches
conducted by the author in the Hunter-Manning-Myall region during the last
fifteen years. Throughout the period 1920-1928 a detailed examination was
made of the Carboniferous, and to some extent of the assoeciated Permian rocks,
in a belt about 12 miles wide, extending from Raymond Terrace to Scone along
a length of about 60 miles. )

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

In the following deecade extensions of these researches were made to the
country north and north-east of that already described, and it was soon clear
that rather special stress conditions had operated in the Hunter-Manning
province during the deformation wrought upon the rocks throughout the late
Palzozoic diastrophism. Some attention was drawn to this in a joint paper
with 8. 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 System) had been fully described (1926-1929) when
dealing with the overthrust block, while adequate 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. E

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

Since 1935, after reconnaissance 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 rungged or difficultly accessible character were
dealt: with in reconnaissanee fashiom. -

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

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

delineate the broad areal geology and establish large structural features.

() To make less detailed observations where either (i) the terrain and
teetonic eonditions were fairly uniform, or (ii) the forest or sand cover
prevented detailed examination.

(¢) To map in full detail (using structural indicators for the purpose) various
critical areas or structural 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 evelution of the whole
region.

(d) To interpret by detailed observation and analysis the changing tectonic
environment from place to place. !
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Altogether about 7,000 Square miles have now been examined. : :
ﬂﬁil?s (Plates I and TIT) show the extent of this work. It is iiz(lei:dlnl;ls \1}1?
Er i 1:;1 of the area sho_wn, geological details of two small areas have been 1;11;(-&;
o bapers respectively by W. R. Browne (1926) and Beryl Scott (1947)

ese areas, however, have been studied fairly fully by me. i

In the course of this broject the author has had some assistanc i
roj : ance from senior
stggggﬂs og the Department of Geology, and to thege gentlemen he is very
gratetul. Some of these associates have carried out speeified field work under
rectior 4 W under review. This work was
ggzn;let;ﬁie:i tliréstvl:_e na}turﬁ Of_.ﬁ(?]d si;udstes required for honours degrees. Thus
e I‘)e;;}ti"l'ntt % Timor District (A. V. Jopling and F. W. Lancaster),
e ;c_ (P. B. Andrews), the Stroud District (M. R. Banks)
istrict (B. P. Webb), and in the Scone-Murrurundi St,*(rl-(alt

(P. Macleod, A. F. S, Nettleton, W. J. Goodman, the late A. A. Northey. J. (.
With some of these associates

gebb"tw. K. Sneddon and T. D. Hugheg)

¢ writer, as senior author, has contributed ¢ ipti

il ) L 3 uted descriptive papers, and these have
considered in the present monograph, the areas ac?nce;nedl n(if.-\:1L b:‘ilr‘x:_f

greatly by the encouragement
= L. A. Cptton, and have had
- K. Browne. Residents in all parts of

s Tl DY name) have made the fiel 2searches
mory géﬁifo r?lzﬁgfée ;lédnt;la,v% Dm l;ranous ways facilitated lte;‘fxgl{l?;,:! (:ll:{‘
tendmmered. ] ; : all these people my cordial thanks are
The work has been made i
_ _ . 0851
grants from the Commonw‘ealtﬁ Re‘:{:a:rzlfry large]_y,
author is anxious to express his gratitud

Yeiaim by reason of substantial
& Over several years, and the
e for this vital finanecial assistanco.

RELATION OF MONOGRAPH TO OTHER

% RESEARCHES,
€ present work may be said to find i
J Tl its place a it in s of
z(gvgzl 1%.‘:uge scale contributions to the stra,t-ig}iagl?ig::l Unedumt e
pper Palzozoic rocks of New Sou £ e seology

various authors sinee 1920. Thege may bet]}iszgglizlfg at e e S

( ) Reseall:h Il[’(”l I:he P i S 0 ‘ W [] e
a . : eI’II]_lall 1‘00]{ i e
- ; , : ( f . ]ZEE LO er a-lld M:lddl an t or

(b) Research upon the Low: Middle No V.SV
! er and ' istri
by A. H, Voisey (1937 to 1945). le North Coast Districts of N.S.W.

(¢) Research upon the Werrie Basin b
(d) Research upon the North

UPPER PALAOZOIC

Y S.W. Carey (1934 to 1937).

97 o e ~west Coalfield of N.S.W. BYSEEEN Hanilon
The first of thege j W
ese projects (H.G.R ‘
TR e = )th ém condueted more or less concurrently

The plan in the Present w i
I - Work is to deseri i
elements in the large area under treatmeg‘? S;II;:;O zh(é(;ncls
€ Progress in late p

ely the many structural

to develop an evolutionary

digcussion indicating the tectoni al
20zoic time,
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GENERAL GEOGRAPHY AND PHYSIOGRAPHY.

The region embraces the following sectors which constitute parts of the
Counties of Brizsbane, Durham, Hawes and Gloucester :

(¢) The widely drained Upper Hunter Valley and the northern and
north-eastern side of the Middle and Lower Hunter. Here great
diversity of physiographic development is present.

(b) The Barrington Tops or Barrington Tableland and associated Mt.
Royal Range, a ‘““leg and boot ”-like projection from the Liverpool
Ranges.

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

(d) The Karuah and Avon River Basins.

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

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

(9) The lowland between Raymond Terrace and the drowned valley system
of Port Stephens.

There are very marked contrasts in the topographic features and

physiographie expression throughout the area.

The north-western boundary of the area described consists of the eastern
Liverpool Ranges, whieh rise with broken profiles to a maximum of 4,350 feet
above sea-level in Wombramurra Peak. ¥rom the western end of this section
of the Liverpool Range (where the Gap or Pass near Murrurundi is sitmated)
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
Railway and the New England Highway. In the Lower Hunter region the
Lochinvar Dome hag been included because the anthor has undertaken a detailed
study of this, the most important structural element in the Permian of the Liower
Hunter Province and a unit indispensable in any evolutionary 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 Forster. Thence south the eastern coast of N.8.W. marks the limit
of the area traversed.

It will be seen from the map (Plate I) that a remarkable radial drainage
pattern eharacterizes the ineidence and geographic distribution of the streanis
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 facies has taken place since the early part of
the physiographic cyecle. The coign or hub of high ground from which the
streams radiate is called the Barrington Tops, and associated with it in this
geomorphic design is the rather ill-defined Mt. Royal Range, of which the * Tops
form a kind of offshoot. The abrupt fall of the country immediately south of
the Barrington Tableland, where a great southward-faeing scarp is present, and
the less abrupt but very rugged facets on the south-east and east of this tableland,
contain the headwaters of many streams, large and small, which make their
way ultimately to the Lower Hunter or to the Middle Manning.

Some of these streams (the Paterson, Allyn, Williams, Chichester and the
Wangat) flow on the west side of a notable physiographic and structural complex
known as the Stroud-Gloucester Trough, while others swing to the north of this
great structure, by-passing it as it were, and make entry into the Manning
system.
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Within the Stroud-Gloucester Structure, proceeding northward, is the
Avon system (a small river), while draining the Trough to the south is the Karuah
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-Gloucester
Trough. These regions are the Dungog-Clarencetown sector on the west, the
Trough itself, and the Myall-Wallis Lake labyrinth on the east.

The first-named is largely influenced in its physiographic development
by many powerful faults; the second is a splendid example of a complex
geological structure providing pronounced physiographic control; and the
third region is distinctive by reason of the abundance of lakes, occupying the
partly drowned and partly silted areas of a late Pleistocene and Recent drainage
system, totally unlike the present systems that remain in the youthful and
mature stage in the country to the west.

Over the whole area, as might be expected, there is a complete range of

geo.morphic iqatu:res to be met with in a complexly evolved series of rivers
vqh;ch_, first being ponsequept, have been modified by subsequent characteristics—
rivers developed in an uplifted block where the highest point reaches 5,000 feet

above 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 indiseriminant-
youthful through modified-youthful to subsequent-mature, and senile and
antecedent types. _Ewdence of geological control of the morphological features
by units of varying lithology and strueture is prolific and there are many contrasts

in p‘n.ysiographica.l environment related to the varying incidence and amounnt
of rainfall. '

The vegetational distribution presents many interesting problems of ecology,
and n.wd ma,mfest?,tlons of control of vegetation by a combination of va rious
geological, pedological and climatic factors are presented in many districts.
There are such contrasts as the snow-gum and tussock areas of the Barrington
Tops, and the tea-tree, Caswarina and mangrove swamps adjacent tnhth{’

lake-lands, while a third facies is that of sparsel wwetat . hill ¢
Shiatainig Barobhyie 1 y vegetated sandhill country

GENERAL GEOLOGY.

Over the greater part of the region sedimentar i i
i ] L 1y and associated volcanic
I(‘}O(:]}(JS ](;.;)fnsmtute the outerops. These comprise representatives of the Devonian,
arboniferous and Permian systems, while various loosely cemented Tertiary,
Pleistocene and Recent detrital deposits are present in many places. | i’

An extensive region of Tertiary basic lavas and associa ic si
. ; ; ted basic sills occeurs
in the north-we_stem part of the region, and a great developme?lil(;)fs Tﬁen;q?ﬁz
rocks characterizes the Mt. Royal and Barrington highlands. In ma.nv’ ]:ices
small volecanic neck_s may joe seen. Some of these are of normal dolerite -ps:in{e
are of quartz dolerite, while some have teschenitic affinities, ’ :

Apart from the basic sills just mentioned, the only i i
- .g . - - - 1 mtr L &
recorded are e&rtaaq granitic m.'[.lera which oceur nea.ry(}unf}.lysw:a;g C(la{fs ;fs?olrjllé
%;mpably of late Middle Devqma.n age) and larger granite a.réa,s of probably
animbla (late Lower Carboniferous) age, which occur in the upper parts of

Moonan Brook and O } -
of Stewart’s Brook. madale Brook and between these localities and the head

On the Barrington Tableland are outcro
Lt ! 2 ps of quartz m i
granodiorite. These rocks sometimes rise above the le%rel of t.hg 1:}::811&111;& ﬁf;g(slx
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STRUCTURE OF THE HUNTER-MANNING-MYALL PROVINCE, S

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

It is not proposed in this monograph to discuss the intrusion tectonics or
petrology of the many acid and basic intrusive rocks, nor to deal with the
petrology of the basic lavas. In so far as it is necessary to refer to any of these
rocks in discussing the evolution of the tectonies of the Tegion, some mention
will be made.

Thus we pass on to present a summarized account of the stratigraphy
on which to build much of the structural interpretation, since the main tectonic
provinces 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.
Representatives 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 Hu_nt&;r 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-eagt of Gloucester, these rocks form part of the structures
which border the Stroud-Gloucester Trough. :

The most important struetural area within which the Tamworth Series
has been examined is the Timor Anticline, where a very important limestone
e hyri 1d  spilitic tuffs, coarse

The Tamworth Series comprises keratophyric and spiitic ; €O
breccias, cherty claystones, eoﬁglomerates, rhythmically banded .chert-tqff
units, with intraformational breceias and slnmp-bedded phases, and limestones
with a rich and varied fauna. o e ol e

7 roXi i in some cases the accurately determ § :
of th’ghﬁa;}gﬁ;ﬁi?tztz’rgi%aid in the sequel when various structural units are

beoing considered.

Altered Tamworth Series (partly the Eastern Series of W. N. Benson)-.

In the neighbourhood of the serpentine intrusions T_’Vhl};lh oci;eurn gﬂegg
northern fringe of the area, large areas of the Tamworth Series a.;rle een édents
by deformatory and metasomatic agencies. These rocks are t }f_ equiy: o
of parts of Benson’s Eastern Series (see Benson, 1911) bl;ﬁ%hlﬂtt i reeton, Jo
not appear to include the most drastically altered facies o n?ﬁ s'serlt e
Present research the writer has always been able to 1dentaf3_r sufficien gnost
evidence to determine the rocks as altered Tamworth units. ‘ el

The main changes wrought in the rocks are severe fOIdv-:-l}QI%,beS da;sc;rslélegti
}S)hf’a'rmg and jasperization. The probable origin of the jaspers

elow.
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Baldwin Series.

The strata 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 type of facies throughout this member
of the Devonian sequence varies greatly, but certain characteristics distinguish
the strata so that one is able to refer many clastiec units confidently t-ob this
group. g

In the gorges radiating from the north and north-east sides of the Barrington
Platean these rocks are prominent, They are found also in the country a‘:vest
and north-west of Gloncester. The main types are keratophyric and 1'11"\/'011'11(:,
tuffs, coarse and fine breccias and oceasional agglomeratic phases and cherts.

Barraba Series.
These rocks are Upper Devonian in age and a i :
_ he ) 3 ppear to be mainly freshwater
in origin although some horizons contain Radiolaria. Fogsil plmslt? 12\‘;
gomn}ozllqy develope% flhroughout the series, being prominent in bands near the
0p O e group. e remains are practicall ti @0 demdron
flora, the chief species being L. austrlc)zle. B oo
When fresh, they include claystones, mudstone i i
e I ! ] S with tuff-bands )
ble{zcms and tuffs with oceasional conglomelzate bands. The colour a,gjtlildt:xtilll[rl'z
of the common units are characteristic. Thus the mudstones, when fresh
are blackish-grey, and present an almost coal-black appearance to ’the weath : i
e-rust;rgf the ground where they outerop. _ it
e tuifs throughout the mudstones are of a whiti
: : { ; £ itish eolour and sta ut
In contrast with them. It is by the bresence of these tuff-bands atsgll?gﬂi’;ﬂ

intervals that one can distinguish the Ba i
R gu e Barraba sediments from the succeeding

CARBONIFEROUS,
The four main divisions to be considered i i imi
div : in this prelir Ty stratigraphy
:-:j e the Lower Burindi, Upper Burindi, Lower Kuttugg aﬁl aIlI) H:;d%;glt(;ph}‘
£ eu_ei. Of t_hesq, two (the Lower Kuttung and Upper Burindi), are aI,J p)ro - g Fﬁg
e‘qmw_lbent in time, bjlt— represent contrasted facies develope(i in thpI g i
Carboniferous (for prineiples adopted here, see Carev and Browne‘ f 913?; B
) vy OC

Lower Burindi Series.
A large portion of the aresa consists of these strata,
The following units are present :
(i) Mudstoneg of an olivine-green and brownish-
4 plant-bearing, with I.. veltheimianum and T, osbornei well developed
(ii) Tui‘f‘s of great variety in texture and composition. 8o i ;?pe;. o
fl]1131‘iizos<e-. %‘hese are frequently fossiliferous Ehieﬁme dJl‘f‘;eh o
f)}u;) '?nce o bm.phlppods, pelecypods, gasﬁropod,s bry(;zg- ‘Wld o
.11-111;) ites and eljmon_iallremains. Some disti_neti,ve fi J e
almost microseopic crinoid stems are common in the @] ng Sntin .Wlth
Barney distriot. A€ Gloucester-Pigna-
(iii) Oolitic and organic limestones, often i
- ien ir .
pure. These embrace crinoidal units in el e

limestones have fine micaceous and telspar Eﬁgl;?:t bands.  Many o the

green colour frequently

(iv) Blue and blackish cherts with Radiolari : g
Some of these show slip-beugis gd’ ’ﬂlﬁéﬂz and high siliceous content.

(probably organic) which mark out thisg “anig 1 Weoid structures

Bungwahl region. unit in the Bullahdelah-

STRUCTURE OF THE HUNTER-MANNING-MYALL PROVINCE. i §

(v) Some altered andesitic and keratophyrie lavas which suggest submarine
extrusion. These are seen particularly well in some of the very rugged
country to the north of Dungog and Stroud.

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

Upper Burindi Series.
The rocks most prominently developed in this series are as follows :
(i) Tuffs, which weather to a rust-brown colour. These are keratophyric
or dacitic with mueh biotite. !
(ii) Calcareous mudstones and shaly-sandstones with a varied fauna, the
fossils often being restricted to marked zones.
(iii) Impure organic and also oolitie (chemieal) limestones of no great
thickness.
(iv) Conglomerates and mechanieally formed breceias.
(v) Voleanic breccias of very acid character.
(vi) Soda rhyolite and keratophyre lavas.
(vii) Cherty rocks with Radiolaria.
The plant fossils (mostly of drift origin) are again mainly of the Lepidodendron
flora, and Cyclostigma is prominent on some herizons, particularly near the
base of the series.

Lower Kuttung Series.

In the areas where Upper Burindi rocks are absent it is usual to find Lower
Kuttung Series well developed. These, except for special phases referred to
in this 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 accumulation. Many boulders are angular and of
such shape and polished appearance as to suggest derivation from
glacial outwash gravels. Occasional striated boulders oceur in these
beds.

(ii) Tuffs and breccias of great variety in texture and constitution. Many
are intensely siliceous, others are daecitic, some strongly hamatitie,
and yet others have stilbite as cement.

(iii) 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 mica-hornblende andesites, pyroxenic

andesites, dacites, keratophyres, toscanites, dellenites, rhyolites

of several kinds, obsidians, trachy-andesites, trachytes and
subordinate alkaline basalts. Many of these rocks show such
phenomena as albitization, autobrececiation, devitrification, ete.,
some of which are deuteric in origin.
Ignimbrites (ef. Marshall, 1935). These are commonly present in
the Volcanic Stage of the Lower Kuttung and are invariably of alkaline-
rhyolitic composition.

The whole of the Lower Kuttung Series is marked by two facies in the tuffs
and conglomerates ; one earlier group indieating accumulation when the climate
was not conducive to the development of hematite in the soils and weathered

(iv

—
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rock-mantle, and a later group characterized by hematitic cements (not due
to present katamorphic agencies), which are indieative of humid conditions
during formation.

Fossil plants are present in the lowermost parts of this series, L. oshornei
and Pitys being most common, along with L. velthevmianum, Cyclostigma and
Ulodendron. Higher up, amongst the tuffs and lavas of the Volecanic Stage,
the Rhacopieris flora makes its first appearance, and the remarkable Zygopterid
Clepsydropsis australis (Osborne, 1926 ; Sahni, 1928) is found in this part of
the series also, having been diseovered in a coarse conglomerate,

Marine Phases of the Lower Kuttung,

The recognition of marine facies in the upper part of the Lower Kuttung
by Carey (1934) was an important development in the moulding of opinion
about the stratigraphical evolution of the Carboniferous System in eastern
New South Wales (see also Carey and Browne, 1938).

As a result of the interpretation of these marine phases, especially when
containing well developed fossil assemblages, it is clear that throughout portions
of the Carboniferous areas marine and freshwater sedimentation proceeded
simultaneously, and in some critical places a paralie or oscillatory condition
marked the sequence of depogition.

Ti_Je areas within the region of DPresent discussion, where such intermediate
conditions obtained, comprise a fairly large section of the Rouchel Basin, east
of Aberdeen, a small area immediately east of Dungog, and g3 very small area
in the South Temi Basin, east of Murrurundi, 5 TE

The most important of these is the Rouchel arey where bryozoa are
particularly well developed. These hayve been described l,)y (}rockfo?frlo'(ﬂi)&wt)w

Upper Kuttung Series.

Sneceeding the Lower Kutlung, with evidence of some brea y s the
gIaeia} and associated rocks of the Upper Kuttung, Thegebclz(?i’i{ﬁricszmt:%r;?;
implying a great glaciation of Upper Ca-rbt)njferous'ti_mes, marked by %lm-'m‘--ll
a.]tem}mﬁ:ig f:laeial and inter-glacial periods, e

0 the lower part of this division of the Kuttune Series is a oreat
abunda.nee_of clastic rock, much of which is pm’oelisti?z‘nfg 2,]1112?;@1&{? Hl’lshll
remainder is due to the accumulation of sand ang gravel, which was probablv
mostly derived from the outwash of the Carboniferous Ice. Sheet as it épdv-mlce;l
from the south. This eventually spread over probably the whole of the 17(;010’{1
now being considered by the end of the Kuttung epoch, since glacial gedin]bntg
are recorded from country north-west, north and north-east thereﬁ*om. ‘ B

temporary and final retreats of the Ice Sheet. i i e
glaciation much vuleanism continued and many t&&ﬁ?giﬁﬁoﬁn? t’hvﬂ.l(i
lavas, mostly toscanitic, but also trachytic and rhyolitic and occ’asim;a]l bsex ﬁsjﬁa‘
were poured over the refrigerated landseape ; in the case of tl{e d. 11y i &Sa, i
toscanites really vast areas were covered. e a0l

A richly varied and abundantly preserved fossil flora
group, ete.) marks two or three shaly and/or cherty horizo
Upper Kuttung.

(Rha-capteris-(?alamites
ns near the top of the

Marine Phases of the Upper Kuttung.
Just as in the upper part of the Lower Kuttung,

the Upper Kuttung there was contempora-neity of
deposition in various districts. Thus in the Limebn

80 in the upper part of
marine and froshwater
mer’s Creek and Booral

STRUCTURE OF THE HUNTER-MANNING-MYALL PROVINCE. 5

districts fossiliferous strata occur which were coeval with freshwater glacial
silts and tillites. This marine horizon is definitely fixed because of the
oceurrence of bryozoa (Crockford, 1946). The rocks in gquestion are broadly
equivalent to marine gstrata deseribed recently from the Stanhope-Lan_lb’s
Valley area (Scott, 1947) and to those dealt with in various papers by Voisey
(1938-1941).

PERMIAN,

The areas within the region which are occupied by Permian strata form 2
small proportion of the provinee, but their structural envirenment of these
areas is most important.

They comprise the Lochinvar Deome, the central and northern parts of the
Stroud-Gloucester Trough and the Paterson-Dunn’s Creek outliers. Areas of
Permian in the Wingen-Murrurundi district, and the great Permian Basin of
the west and sounth-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 structural relations
is necessary in some of the following discnssion. .

The exception is made in the case of the great Lochir}va,r structural province
because the writer has studied the tectonics and stratigraphy in some detail.
Further, the northern end of the dome is within 1;119 ‘Oarbomferous rocks of th_e
overthrust block, and it is necessary to consider critically the evolution of this
structure in relation to the whole question of Upper Pal®ozoic tectonies.

STRUCTURAL RELATIONS BETWEEN THE MAIN SERIES

The oldest sediments of the region being the Tamworth Seri_es, 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 ecases _there is no angpla,r
unconformity. Specific localities where this may be studied are the following :

(@) On the road to Rawdon Vale from Gloucester'(via Cut Roek Road)
splendid sections indieate no change in dip or strike between Tamworth
and Barraba strata. ot

(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 rhythmieally banded Tamworth tuffs.

However, in the region of the Beltrees structure and along Stewart’s Brook the
divergence in strike between the Tamworth Series aqd t'-he P.ua,rrajba Serl_es, or
in some cases between Tamworth Beds and the Bunm.h Series, is sgﬁic;ently
large and of geographic extent enough to establish a mild unconformity in the
places cited. ;

The most satisfactory data concerning this relationship are available from f:
study of the strata in the rugged upper portions of the valley of Rouchel Brog’
and in the country forming the Divide between tha,t. stx_*eam and Stewart’s
Brook. In Rouchel Brook above % Myrtle Vale ”’ the Burindi Series of mudstopes
and crinoidal limestornes shows a dip of S. 60° W. at 20 3 b]lt elos_e b)?r the Devonlllan
banded cherts are dipping N. 47° W. at 44°, Regional investigation shows t aﬂt
this divergence in strike and contrast in dip is not brought about by faulting.

That in some places an angular unconformity is present z_md _e_lseWhAere the
beds succeeding the Tamworth Series are conforma_,ble n.eed 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 surfaces, and in other places has brought about
a geometrical situation which amounts to unconformity. The bulk evidence is
that no great movement took place in most of the 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 criterion in this matter of structural relationship is
that of relative diagenesis of the two associated series at any locality. Along
many parts of the valley of Stewart’s Brook (both branches) the ’I‘amv-mrt}:{
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. It is feagible to conclude that such textural and structural
features and lithological evolution as exhibited by the Tamworth Series are ch
i‘)es&ﬂt of some ehemical and stress factors which have not affected the over]‘vinﬂ:

eds. -

Further, we know that granitic rocks occur in several lace ' ex; :
near G}md_y), which are pre-Lower Carboniferous in a,'gé:: smsceta(&s}lfg 102%(;-11&}1)11;
Burindi mud,_stones rest on an eroded surface. Such granitic roeks are to b:
(_Jorr?ilatqd with the late Middle Devonian intrusives of N.S.W., with the
;Ifn% l;zg_ggjn Stgldaj::ﬂ aenlzc(;(-)f of Tamworth Series was eroded away before deposition

The possibility of such granites being of late-Barraba « : isrmi
because everywhere there is perfect c%nformity, aﬁgdsiﬁeigﬁeze g*mml'ised
between the Barraba and Burindi groups. .

Finally, the gold and other deposits of the S 1t o
associated with granites and granodiorites which 11;23{)2211]3;?]&3%{1 [;1{
mmera_—hzmg the Tamworth Beds, but not the later sediments. Mo a,pl v Mf'jdd?l,
Devonian metallogenetic epoch these ores are referred. ; e

Relations of Barraba and Burindi Series,

It has been stated above that no angular unconformity exi
Havieba il e e : e 2 ¥ exists between the
oo i ;1.1’1 terrains. Some further details regarding this relationship

In the region between the road from Blandfor imor
west of Timor Estate, along the ridges lying east (}F Gtge;[;négl
perfect conformity between the Lower Carboniferous and e
beds. _T_rue it is that there are some basal conglomerates in
but this is the expression of a physical change that has not produced 1
disharmony. Osborne and Andrews (1948) have recorded the . _geomet.r]r:eal
conglomerqte near .the base of the Burindi Series, in the Glope_rslstenqe O'i .
but found it very difficult to draw a line demarking either form, ltqester <l
: It would appear from the researches of Bénéon and fr& .
Imvestigations that at the close of the Upper Devonian Orln e 105
movements were operative in the areas of northern Néwrony S eEnIC
covered by the Barraba sea. ' S:N¥Tthat had been

and the country
ek, one can see a
Upper Devonian
the former series,

Structural Relations within the Carboniferous System

The critical areas of Glouecester, Taree a :
relationship between Lower and Upp:ar Burfn;ingn Iil(i:
Lm_ver Burindi and Lower Kuttung on the other can
satisfactory data. Some of the salient aspeets of :rhe
dealt with by other writers, but in the present in
examined and the facts available are important.

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

w * /

Scone, is exposed in the high cliffs adjacent to the Page Ri"'eorut Iﬁgfeligﬂes fr(l)m{
5 T revealed

chel Brook, where the
one hand and between
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a gradual passage from marine calcareous mudstones of Lower Burindi age
through conglomeratic mudstone and sandy tuff into massive conglomerate
which 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 author for the Lower Hunter
region.

An equally decisive section is available on the road sections between Rouchel
and Aberdeen, while the same type of passage is shown on the road from Booral
to Bullahdelah, about three miles west of Crawford River sawmill, and also on
the Weistmantels-Dungog road.

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

Coming now to the relations of Upper Kuttung to pre-existing strata, we
note the clear-cut evidence, structural, climatic and lithologie, of a pronounced
break. This has been deseribed by various writers, but the whole matter was
reviewed in 1938 by Carey and Browne. In the present communication 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 uneonformity between
Lower and Upper Kuttung, no reference has been made to the probable erosive
action that must have followed the late Lower Carboniferous movement (i.e.
the Kanimbla diastrophism). In the present researches some evidence of this
has been diligently sought and some measure of suceess has resulted. In the
following areas the base of the Upper Kuttung (or Glacial Stage) rests unevenly
upon the Lower Kuttung voleanic and associated sedimentary rocks, and there
is evidence of erosion in the underlying formation by a lack of uniformity of
thickness as traced along the junction surface.

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

(b) Along the high ridges on the west side of the Stroud-Gloucester Trough,
between 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 Carboniferous and Permian.

The detailed stratigraphical studies on the Lochinvar Dome (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 Road, eight or ten miles north of Raymond Terrace and the Gostorth
district, an overlap, more or less progressive in character, marks the boundary
of the two systems. Elsewhere, 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 interesting to observe that the evidence concerning this problem
now available from the Limeburner’s Creek and East Booral districts, gives us
more insight into the paleogeographical conditions towards the close of Kuttung
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time for this particular locality. The discovery, in 1946, by Mr. W. H. McCoy
and the author, of an important marine Upper Kuttung phase (equivalent to
some portion of the Neerkol Series of Queensland and of the Emu Creck Series
of no;them‘N.S.W.) shows that the transgression of the sea associated with the
Lochinvar movement had effectively begun, in the district now being cited,
distinctly earlier than in the districts that later were to be the site of the
Lochinvar Dome. '

The aunthor has, for a considerable time, stressed the marine character of
the Upper Kuttung tillites at Stoney Creek (one mile north of Limeburner’s
Creek) and in the Ellenborough Falls and Bulga areas.

PALFOZOIC STRUCTURAL ELEMENTS OF THE HUNTER-
MANNING-MYALL PROVINCE.

INTRODUCTORY,

The accounts of earlier researches upon the tectonics of the Mai '

5 : ; he Maitland-Scone
Ca.r_bomferous belt_ (Osborne, 1922-1929) have embraced descriptions of the
t1}):;9.1}:1 stmctura.l units, and a sc};eme_ of tectonic evolution, which may be said

0 have represented the writer's opinions during the period 1929-1936. The
exten:mnf of the late Pal®ozoic researches, and a critical analysis of the genetic
aspects of the structural history, led to preliminary publication of some further
opmlotns amdhmodlﬂ(;latmn of earlier views in some cases (1938).

was shown that the Hunter Thrust movement had been re 3 or

L ) 3sponsible for
3;1 I&Jgodl'}génon gf}fmetuml complexes, especially where the main N.bIT.\“:'ﬁ.—.SjH.E.
oy lf.a.d tlﬁm_a .g phg,t movement impinged npon the more meridional trends

o 1 eir m;gm in the earlier p_]_mse of the late Palmozoic diastrophism,
o Osb?riyali Q%Sthfa stress and strain patterns (see Carey and Osborne, 1937,

1d e ) indicated the probable importance of the operation of

L : mpression and overthrusting,

: : : 4t the regional mapping of the large
province now being considered has provided : .
that it is now possible to extend the dig Rl e slative value

Cussion begun for the Maitland-Sc

e . : . Maitland-Scone
f’ . 2%‘: vaﬁorz?amgll more complete story is ow available concerning the I“(?I:lt( ions
et = erglent_sefs that have been involved in the structural evolution.
has now been nfml:e gl'i?ﬁc-(:lly exiﬁig'tf ?‘Ptﬁ which had 1ot been finally settled
Pal'tBF'of the tectonio history, ed, and less ambiguity characterizes some

or the purpose of giving an all-r i

. : e’ ; altround picture of the late Palwozoic
gﬁ:ﬁ?ﬁ:%ﬁggz afdlih affected the Hunter-Myall Provjn(".e? bl(‘)lgl El}{l‘?fr{i]{:
to summarize in the seetio(l;sa' of large dlmens]on.s, it has been deemed advisable
found in the Raymons Tenm-gg;ﬁrglieﬁzllmng the tectonic units which are
¥ill be found in the literature already citedy | " Ot Of these featurcs

SUMMARY OF THE StR CTURA =
UC.gm;' L BLEMENTS IN ™HE Ravmonp Terzacs
Folds. ONIFEROUS BELT, ' e

Beginning at the eastern margi he regi
and north-westward, one has the %cl:lllo(:vf'izflgleséfliggrefgn-d
The Williams River Anticline, :
The Dunn’s Creek Syneline.
The Moonabung Basin,
The Cranky Corner Basin,

Proceeding westward
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The Mirannie Basin.
The Westbrook Anticline.
The Bridgman Basin.
The Greylands Anticline.
The Owens-Mount Wells Basin.
The Grasstree Faulted Complex.
The Bell's Mountain Structure.
The Colonel Mount Structure.
The Segenhoe Basin.
All of these have been fully mapped and are reproduced from earlier
publications and shown on the geological map (Plate IIT).

Faults.
(a) Those with N.N.W.-N.W. strike.
(i) Definitely of thrust character : Hunter Thrust, Welshman’s
Creek Thrust.
(ii) Those apparently of gravity (normal) origin: Brushy Hill
Fault, Goorangoola Fault.
() Those with N.N.E.-N.E. strike. (Character discussed in the sequel.)
Paterson Fault.
Paterson River Fault.
Glenoak Fault.
Butterwick Fault.
Charlton Faunlt.
(¢) Those with approximately E.—W. strike (some showing a disposition
towards arcuate plan).
Webber’s Creek Fault (special case).
Owens Mount Fault.
Benvenue Fault.
Manresa Fault.
(d) Those with a strike which is either entirely or mostly in the meridional
direction. (These are gravity faults.)
Williams River Fault.
Tarean Fault.
Dry Creek Fault.
Mirannie Faults.
Westbrook Fault.
Mt. Olive Fault.

(e) Radial groups of faults (related to torsion).
Grasstree Faults (five in number).
Gosforth Faults (three).

Greta Minor Faults.

DESCRIPTIVE STRUCTURAL GEOLOGY OF THE ELEMENTS IN THE
HUNTER-MANNING-MYALL PROVINCE.

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

After listing the structures, they will be treated in the order of naming.
Where a structure cannot readily be deseribed by a well-known structural term,
such as dome, basin, anticline, ete., the term * structure ** will be employed.

B
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Structural Units and Sub-Units.

Stroud-Gloucester Trough.
Medowie Basin (sub-unit).

Ward’s River Structure (sub-unit).
Rawdon Vale Anticline.

Myall Syncline.

Bullahdelah Horst.

Girvan Anticline.

Broughton Island Synecline.
Gresford-Wallarobba Antieline.

The

Welshman’s Creek Dome and Basin.

Dunn’s Creek Syncline.

The
The
The
The
The
The
The
The
The
The

The
The
The
The

The
The
The
The
The
The
The
The
The
The
The
The
The
The

The
The
The

Mindaribba Basin.

Seaham-Kenwary Structure (sub-unit).
Lochinvar Dome.

Greater Mirrannie Basin.

Rouchel Basin.

Seone*Gundy Synecline.

South Temi Basin.

Timor Anticline.

Beltrees Structure.
Curricabakh-Rookhurst Structure.

Faults and Fault-Systems to be Discussed RBelow.

(In a general east-to-west enumeration.)
Bungwahl-Boolambayt Faults.
Bullahdelah Faults.
Girvan-Waukivory Faults,
Stroud-Gloucester System of Meridional Faults.
(a) East Stratford Fault and similay fractures.
(b) The Manchester and Faulklands Faults.
(¢) The Stroud Road Fault.
(d) Intra-Graben Meridional Faults,
Minor Faults of the Stroud-Glo
Monkerai Faults. A AL
Dungog-Chichester Fault System.
Lewinsbrook Fault.
Gresford Fault.
Webber’s Creek Fault (reconsidered).
Goorangoola Fault (extended).
Moonan Fault.
Pigna Barney Fault.
Isis Fault.
Brushy Hill-Murrurundi Fault.
Hunter Thrust System (further dis i
Wingen Fault. S
East Wingen Fault Complex.

Serpentine and Associated Intrusions.
Curricabakh Complex.
Pigna Barney Line.
Glenrock Line.
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THE STROUD-GLOUCESTER TROUGH.

This structure, conveniently titled as above, is one of the most striking
tectonic features of the province. A recent paper by Osborne and Andrews
(1948), which is accompanied by a map, sets out the varied struetural data
which characterize the northern end of the trough. In that communication a
concige and sufficient review is given of the main investigations that have been
carried out in the past, and there is no need to repeat those details here except
perhaps to emphasize the remarkable geological insight shown by Odenheimer
one hundred years ago, when he reported on the geology and mineral resources
of the A.A. Co.’s HEstate.

The Trough dominates the geology and physiography through most of its
course, which is approximately 60 miles from Gloucester to the Pacific coastline
between Newcastle and Morna Point.

The Trough can be divided conveniently into four sections :

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

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

(¢) South Central Sector : Booral to Limeburner’s Creek, 12 miles.

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

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

The salient features of the geology and physiography may be summarize d

thus :

(@) The main structure is a marked, narrow syneline which trends mostly
meridionally, but possesses a swing in strike from S.8.W.-N.N.E. at the
southern end through N.-S. to N. 15° W.—8. 15° E. from Stroud to
Weistmantels and then more or less N.-S. to Gloucester, except for a
bend on the east side in the country north-east of Craven.

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

(¢) The floor of the Trough is warped strongly and piteches variously south
or north.

(d) The bounding units of the Trough are Carboniferous highlands, mostly
of Lower and Upper Kuttung, but also partly of Burindi rocks, flanked
by Devonian rocks on the north-west margin of the Trough near
Gloucester.

(¢) The central portions, which are mainly of gentle relief and low-lying,

consist of Permian Coal Measures which are developed in the major

basin over a length of 20 miles, and in the minor basin approximately
eight miles long.

(f) While disconformable relationship between Permian and Carboniferous

exists in the northern sector, further south steep boundary faults mark

the separation of the eoal measures from the resistant Carboniferous
lavas which form a sheath-like bounding structure to the syncline.

These marginal faults are to be regarded as intra-graben structures,

for the Trough in its central portion assumes some of the features of a

Graben.

(g) In certain parts the narrowness of the Trough is remarkable, being
only five miles wide between bounding faults near Stroud Road.

(k) The physiographic 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 Weistmantels
and Stroud Road.

BT . S e s e N
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() Bounding faulfs separate this narrow Trough from broader fold units
on either side.

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

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

The Northern Sector.
Summarized Stratigraphy.

. The rocks constituting the Trough in this portion have been fully described
in several publications, but it was not until in recent years that the relations
of the faulted complex of the Gloucester district were satistactorily determined.

The formations present comprise :

(a) Permian Coal Measures, thickness unknown.

(b) Upper Kuttung Series, maximum thickuess 2,400 feet.
(¢) Upper Burindi Series, maximum thickness 4,500 feet.
(d) Lower Burindi Series, maximum thickness 7,000 feet.

There are many seams in the Coal Measures, and the associated rocks are
conglomerates, sandstones, grits and mudstones. } Although ﬁom(:l Sf Jﬁflézaﬂl
are quite thlcl; (m_axunum 30 fee:t) the general consensus of opinion amon;;r
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 Coal
Basin is very difficult to achieve. The possibility of a Greta age for th S %
must not be overlooked. = g

The Upper Kuttung Series consists of a thick volcanie seri ites
keratophyres) and much tuff and conglomerate, remains of gﬁgelghghyght'eb ffmf.l
having been found in shaly layers. The strikine vl ' o

: riking physiographiec features of the
Gloucester Buckets on the west and the Mosrani Ra = features of the
the Upper Kuttung flows. grant Range on the east are made of

The Upper Burindi Series (which gives w: i ’
one proceeds south, and there is descr%lbed Ma{hzohaéézfe&mqmvalen‘t} 1
much mudstone and several quartz-keratophyre flows, some foasilifg s commme‘\,‘
being present at fairly constant positions in the sequence ki bands
fairly rogged country on the west and south-west of this ge(:,tn F B ke
and as the Upper Burindi facies declines in importance and th'rl? . eh,
supplants it, foscanitic lavas make their appearance and form P} ghen Kuttung
running §outhward. In the region around Weistmantels and o (ﬁloliounced ridges
Johnson’s Creek there is much more variety in the | g Yamme
flavioglacial conglomerates appear. ava types, and some

The Lower Burindi is well develo
Buckets, and on the eastern side of t%idﬁggﬁggivg:?; :2‘1‘} ti(g the Gloucester
along the margin of the Trough. Going southwarg the 200 lues unbrokenly
facies of the northern Lower Burindi and display the t K8 lose some of the
Lower Burindi of the Clarencetown district. © typical features of the

Structural Features.

The axis of the Trough Lies to the west of ian Ij
regarded as the geographic axis dividing fhe ool line that would be
approximately similar areas. The floop dips steepl i e BermeTures into
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coal basin there is a thick series of measures, within which are some very thick
seams (up to 32 feet), and these features bespeak the fairly deep burial of the
base of the synclinal floor.

The southernmost outcrop of the Permian in this sector can be seen on the
Mamme Johnson back-road and also to the east thereof at a point about two
miles south of a locality 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 Carboniferous surface.

Further north the same structural relations ean be studied on the roadside
about one and a half miles north of Weistmantels. A similar northward pitch is
beautifully shown at a lower stratigraphic level about two-thirds of a mile
south of Stroud Road Railway Station, where, in the paddocks to the west of
the Pacific Highway, exposures of an ignimbrite lava of the Upper Kufttung
display the scoop-like structure of the plunging unit. This structure gives the
key to the rather complicated voleanie succession hereabouts.

The south end of the Coal Basin possesses strongly faulted junctions against
the Carboniferous. Thus on the east side a magnificent fault-face outerops in
the country east of the Mamme Johnson’s Road, near Dewrang. This revealed
surface is of felsite and ignimbrite with good flow-structure, and shows many
slickensides. The attitude of fthe fault is almost vertical, the slight hade being
to the west. This feature running northward for some distanece has the following
position on the one-inch military maps : 499-500/1005-1006 Dungog Sheet to
498-499/1012-1014 Gloucester Sheet.

On the west there is equal evidence of a faulted junetion. Thus near the
old tunnels and shafts in the neighbourhood of the historic site of discovery of
coal in this area the measures are dipping steeply to the east and a 30 feet seam
exists close to the western boundary of the basin. Immediately to the west
are Carboniferous confining units dipping at only moderate angles to the east.
Near Relf’s Creek in this locality it is possible to establish that the coal measures
lose the steep dip away from the fault and soon flatten out to the east.
Unfortunately the most desired information about this southern extremity of
the Coal Basin is not available because of the prevalence of alluvium and timber.
Further north these intra-graben faults die out.

Structures in the Coal Measures.

Within the Permian areas the outcrops are rather poor execept for one or
two ountstanding exceptions. Artificial excavations, however, always reveal
interesting information, and sometimes produce the most important criteria
of the type of movement to which the beds have been subjected in their last
tectonic experience. Thus, as already described in another paper, there are
excellent sections in the railway cuttings south of Craven Station which show
miniature ‘ 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
be found around Ward’s River village and south therefrom, excellent data are
algo awvailable.

The examination of dip in regions that do not appear to be much faulted
indicates that the surface of accumulation of the basal Permian strata was
irregular. Thus along a zone adjacent to the Carboniferous lavas of the western
side of the Trough, wherever sections can be studied, one establishes that the
dip varies eastward by becoming less and less steep, and also shows variable
direction interpreted as due to irregularities of the floor. 5

A splendid section showing the effects of overthrusting produced by forces
from the N.E. is that in a narrow quarry (known ag Timberline Cutting) 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 ave intersected by four overthrusts
which in general dip to the north-east, and are fairly low in inclination. At the
eastern end of the quarry two of the thrusts have been curled upward so as to
be partly underthrust by the excessive stress acting. The main joints of the
locality dip W. 15° N., while less prominent fractures strike N. 75° E. Both
sets of joints are almost vertical in attitude.

On the almost vertical wall of a N. 70° E. joint two sets of complementary
joints are present, dipping respectively easterly and westerly at about 25°.
The large thrusts in the quarry have developed on one set of fractures set up by
the more or less westerly directed compressive component of the shearing
gtresses that have operated.

Related to the intra-graben faults of the south part of the Northern Sector
are certain almost vertical joints of tensional origin which gtrike 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.

@@“L‘.K.)j =
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z :
£ Two Chains >
Fig. 1.—Curved t.hrus_ts in quarry two miles east of Craven.
The Novth Central Sector.
Between Dewrang and Booral the Trough is charaeterized by the

dizsappearance of the Coal Measures be ; :
to pitch to the north. e S SPARRE of the strata so as

As already mentioned, a ndi fon & B
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The rocks involved in this sector are as follows - il
\ (a) Lower Kuttung Series.
(6) Upper Kuttung Series.
(¢) Permian.

(a) Lower Kuttung Series.

On either side of this sector the Lower K :
lavas make strong Outerqps. There is a.noticgggélgs;ﬁgtn;;rfes’ g ;md
the western side of the Trough shows a strong development of i Owever, since
some subordinate rhyolite flows, while on the east the Voloan; Sr yolitic tuff and
by thick units of toscanite. Further, the tuffs e Stage is dominated

. on a: i
completely pyroclastic and may pass into lavas shom'ngh:uteﬁﬁe R ﬁﬂomemmﬁs
2 clation.
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The striking ridge on the east side of the Trough on which stand the heights
of 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 small 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 Karnah River between Booral and
Stroud Road, while the other is found in the foothills which lie fo 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 famlts. Several cross faults
are prominent near Stroud Road, and these appear to offset the larger meridional
fractures.

One puzzling aspect of the stratigraphy of this sector is the occurrence
of much shattered basalt which, from the field relationship, may be interpreted
as within the Kuttung sucecession, or alternatively as sills acting as feeders to
the Permian basalt flows which are definitely present in three outliers near
Stroud. No section has yet yielded satisfactory evidence of intrusive relations
between the basalt and associated Kuttung strata, but from the general way
in which the basalt units follow the structural lines of the associated volcanie
and sedimentary roecks, 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 provinece for studying fully the vuleanicity of the Upper Kuttung
epoch. 2

The lavas and tuffs arve well exposed in the hills cut by the road from Stroud
Road up Mill Creek. This eastern 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 members
of the Rhacopteris flora and less abundant Lepidodendron veltheimianum. The
most prominent genera are Rhacopteris, Adiantites and Sphenopteridium. These
strata were first brought to light by early investigations of the Australian
Agricultural Company. The repeated references in early literature to the
fossil locality 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 ocecur.
These can best be studied in the euttings at the overbridge on the railway line
three-quarters of a mile west of Stroud Road. This development of
Carboniferous coal may 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 oceurrence 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 Stroud and north and
south therefrom are flows and necks of basie type. The flows are of a shattered
calcitic 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 flows, but linked mineralogically with them.

There is a marked unconformity between the basalt and the underlying
Kuttung Series, and this has some important implications dealt with below.
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The main structural interest of this section of the Trough is the evidence
of a northward pitch, and the presence of several faults which trend almost
due north and south (magnetic). The faults are steep and are related in origin
to the great Wﬂhams.Rweif Fault which bounds the Trough on the western
side. More will be said in the sequel about the fault-systems.

Adjacent to the settled and mature country of this south-central sector

there lies, on the eastern side, a wide belt of ver : ily forest
n th : . : belt y rugged and heavily forested
country w]ue‘h is part of the western mdp of the Girvan anticline. The \1‘«.4?93'11
country contiguous to the sector is a region easily accessible and fairly free from
much bushland throughout about 409, of its extent. :
remarkable effects of the Williams River Fault,
The minor structures of the Upper
to two of the meridional faults. Th
minor thrust-faults and small drag

Kl_lttlmg Series at Stroud Road are due
ese features comprise much slickensiding,

. folds, t ' i : BT kGaTs
jointing. The study of these features , together with intense small-scale

E leads to the view that oricinal clear-cut
gravity faults were affected by later il movementgl,mt original clear-cut
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Other rocks of the Upper Kuttung Series comprise glacial units of some
variety, embracing tillites, fluvioglacial 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 question are seen very well in the bed of Stoney Creek, a
mile or so north of Limeburner’s Creek. Similar tillites (greenish in colour
when fresh) form a very distinctive type in the marine Upper Kuttung of the
Ellenborough and Comboyne areas.

Permian.

The Permian roeks first make their appearance, after having failed to
outerop in the Trough south of Stroud South, in the country between the Highway
and the Karuah River at Allworth (Old Booral). It appears that the occurrence
here is due to a short steep fault. The rocks have affinities with the Lower
Marine Series of the Hunter Valley. A few miles further south the Upper
Marine Series outerops in the bed of Deep Creek, near its confluence with the
Lower Karuah River. The belt of Upper Marine then swells out southward,
while other Permian units (Lower Marine and possibly Greta Coal Measures)
are very subordinate.

Structural Features.

The Trough has now taken on a somewhat different strike in contrast with
the more northern sectors. FHere the strike is changing from north-south to
north-north-east and almost north-east. This swing is associated with the
adjacent curving margin of the Lower Williams anticline, deseribed many years
ago by the writer.

The Trough also shows in this seetor the beginning of the southward plunge
which becomes predominant in the South Sector, next to be described.

The main interest of this sector centres around two ifems of structural
significance in the later geological history of the Upper Permian strata. These
are (a) evidence of overlap, and (b) presence of the strong Tarean Faulf.

The first of these is established by the finding some years 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
break here ig of the order of 10,000 feet judged by the standard sections some
miles to the west.

The Tarean Fault iz a vital piece of evidence in the investigation of the
relations between major groups of faults in the province. Some discussion of
the role of this fault was given in an earlier paper (Osborne, 1938). It is clear
from the structural and stratigraphic data to hand that the Tarean Fault is a
post-Upper Coal Meagure fault, thus contrasting with those which were produced
during the late Upper Marine diastrophic episode.

The Southern Sector (Medowie Swuh-TInit).

This, the southernmost of the four sectors, is characterized by the following

distinctive features, geological and otherwise :

(@) A considerable proportion of the country is marked by low-lying swampy
conditions and one portion is covered with sand ridges and sandhills
of the Stockton-Raymond Terrace-Williamtown region.

(b) Heavily forested reserves embrace a good deal of the northern area,
while on the north-east of this sector the muddy estumaries of Karuah
River and Telligerry Creek (where they enter Port Stephens) are covered
with mangrove growth.
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{¢) On the lower west side of the seetor hard rock outerops of the Lower
and Upper Kuttung are prevalent in the Bast Seaham-Raymond
Terrace—Irrawang district.

(d) In all areas not given to strong outcrops there is generally a cover of
strongly leached soil now largely composed of argillaceous material.

(¢) The bounding major fracture of the Williams River Fault comes into
this region, and its character and stratigraphical effects are seen to
perfection in a quarry about five miles north of Raymond Terrace.

The rocks present here arve :

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

(¢) Lower Kuttung (mostly voleanic).

Lower Kuttung Series.

The lava groups prominently developed in the South Central Sector are
continued into this sub-provinee, but an interesting variation of type and
quantity of the lavas on either side of the Trough brings about a contrast with
the South Central Sector. Thus in this sector we have abundance of lavas in

the neighbourhood of Trrawang and south-east han ic o the
Tower Kaiti o g an h-east of Seaham, which belong to the

Upper Kuttung Series.
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The sweeping belt of Upper Marine mudstones and tillite shales which is seen
at intervals throughout the alluvium of the country between Limeburner’s
Creek and Raymond Terrace is a continuation in structure of the similar curved
area of the Upper Kuttung further to the north-west. No cross faults are
present in the Upper Marine outerops, but it is clear from a study of the few
exposures in quarries that concealed faults have caused small displacements of
the Permian rocks, quite apart from the matter of the large Tarean Fault. On
the eastern side the search for outcrops becomes more difficult, 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 Trough thus has gradually widened out at its southern end into this
Medowie structure, and the plunge to the south-south-west is quite marked
by the inferred-plan of potential outcrop.

Some of the later excavations (made by the Defence Department in
connection with World War II) show the presence of pressure striations and
small slip-faults in the rocks of the Tomago Stage of the Upper Coal Measures.

Ward’'s River Structure (Sub-Unit).

About two to two and a half miles to the east of Craven there occurs a
subsidiary block-faulted basin of Coal Measures, running north and south,
never exceeding half a mile in width of outerop. The longitudinal extent is
about seven miles. This structure is that whieh has always troubled the
investigator because of the ubiquitous soil and vegetation-cover that occurs as
soon as one moves any distance into the region of the margins of the main
Trough. It is clear from a study of the small-seale structures that faults through
this small block place Coal Measures against Upper Kuttung on the west and
Burindi rocks on the east.

Not much has been done regarding the nature of the structural condition
of the rocks in this small senkungsfeld, but it is clear that strong jointing is
universally developed. Some of these joints-in the fault-block are complicated
by later small thrusts with curving dip.

THE RAWDON VALE ANTICLINE.
General.

Directly adjacent to the marginal western faults of the northern sector
of the Gloucester Trough lies the Rawdon Vale anticline, a southward plunging
fold that shows an intermediate tectonie position, in that some of its structural
features represent response to the forces operating at the time of the deformation
of the Stroud-Gloucester belt, while others belong to the north-north-west
trend which was implanted on much of the country in a later episode.

The structure cannot be studied fully because of the heavy brush cover
and extremely rugged country between Copeland and Berrico and elsewhere
in the region of the anticlinal development.

The general relations of the fold can be appreciated by noting the Barraba
Series which outerops between Barrington village and Copeland, and in the
country to the north-east of Rawdon Vale and also on the Berrico-Rawdon
Vale Road. Such data can be compounded with the evidence of the Tamworth
Beds in various places in the Berrico-Cobarkh area.

General Stratigraphy. L ,
The following are the units present in this structure :

Lower Burindi .. -~ 1,500 feet.
Barraba Series E .- 4,500 feet.
Baldwin Series 241 o 300 feet.
Tamworth Beds .. .. Maximum unknown, but at

least 2,000 feet.
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The Lower Burindi are of the typical mudstone facies and are sec n i
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Perhaps the most spectacular part of the Rawdon Vale Structure is that to
be found along the Barrington 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 see much that can be linked with the magnificent
section displayed on the right bank of the Barrington River. From 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 goes westerly upstream along the Barrington River. Soon
a great fault zone is reached. drawing down the rocks to a vertical attitude.
This is a true normal fanlt and has no evidence of any lateral shift. It is
absolutely vertical, and away to the north there is a series of vertical fault-face
outerops, the like of which the author has rarely seen in the case of revealed
fault surfaces.

Immediately west of the fault the Burindi roeks dip back to the east, and
then eventually the axis of a small anticline is crossed and the Lower Burindi
resume the south-westward dip of the main western limb of the Rawdon Vale
structure. 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
maximum displacement.

THE MYALL SYNCLINE.
General.

This feature is marked by considerable structural complexity in the central
portion. It stretches from the Pacific coastline north of Port Stephens to the
rocky headlands of Seal Rocks, Treachery Head, Charlotte Head and Cape
Hawke, and embraces all the country west to the valley of the Myall and Crawford
Rivers. In this direction the syncline passes into the Girvan anticline. The
total area in question is about 450 square miles, and includes the distriet of
Bullahdelah, where a remarkable ridge known as the Alum Mountain dominates
the Lower Myall country. This ridge is the physiographic 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 areas of outerop, some partly obscured by
alluvium, sand or vegetation. The rocks are uniformly developed, consisting
mostly of cherts and guartzose tuffs. There are some crinoidal limestones and
fossiliferous tuffs.

The Upper Burindi consists of rocks similar to part of the Glouncester
Sequence. Thus the Productus barringtonensis bed oceurs on the east of the
bagin, especially in the neighbourhood of Johnson’s Hill and Violet Hill at
Myall Lake. In places the rocks are dense cherts.

The Lower Kuttung consists of conglomerate and andesite lava, while the
Upper Kuttung consists of coarse conglomerate, rhyolites and tuffs.

On the western side of the syncline the Kuttung series has the greater
development, and this asymmetry is brought out beautifully on the map. The
section on the west embraces a series of dominant toseanites and andesites,
while the Upper Kuttung is well developed, including a very great thickness
of acid tuff.
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g The Permian rocks are chiefly Upper Marine sandstones. shales and
uopstones, while the Greta (Uoal Series consists of very coarse conglomerates,
white tuffs and poor grade coal.

Structure.
A fairly stable block with constant regional dip i : ]
bh e gional dip is that of the Seal Rocks-
?nllafhdela.h sector. Here the only departures from the regional dip are the
oca;_tmn_s_of thg faul"ly heavy faults, such as F1, F2, F3 and F5.
The asymmetrie fold suffers an abrupt truncation by the Myall-Waukivory
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Fig. 2.__Block diagram of the Bullahdelah Horst
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each side by an almost vertical normal fault. In fhe case of the western side
the adjacent rocks are talus-covered Upper Marine sandstones, while to the
east the adjacent rocks are certain Upper Kuttung units. The rhyolite is almost

“wvertical in dip, to the west-south-west. The presence of coarse spherulitic

structure, arranged in lines parallel to the dip, assisted in determining the
tectonics 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 asymmetrical 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
the narrow ridge of rhyolite bounded by lowlands of Upper Marine sandstone
and Upper Kuttung. Also, the narrow trough of Coal Measures to the south
was preserved because of the development of two opposed steeply dipping
faults.

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 Figure 2). North from Bullahdelah the
whole structure is cross-faulted.

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

THE GIRVAN ANTICLINE.

The Girvan Anticline is a simple structure except for the northern end of
the fold, where considerable complexity exists. This complexity is diffienlt
to unravel because of the prevalence of forest growth and inaeccessibility, but
from Forestry Commissgion tracks and other limited acecess it has been possible
to assess various data and interpret as shown on map.

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

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 tuffs, with
fossil zones pronounced in several places. Thus at Girvan Brachiopoda and
Bryozoa are abundant in olive-green mudstones. Then again, in Bundabah
Creek, in the south of the area, beautiful examples of Spirifer sp. nov. are
common in a tuff exposed where the road crosses the creek.

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 abeut 30 chains east of the Nugra Road
innction with the Booral Road.

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

SYNCLINAL STRUCTURE ON BROUGHTON I[SLAND.
Broughton Island, Iying to the north-east of Port Stephens, gives an
intriguing section of the Upper Kuttung Series which is ent off by a fault against
some Lower Burindi rocks.
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The Kuttung development is of interest because of the existence of the
following features :

(a) A series of rhyolites with good flow structure which are equivalent to
the Bullahdelah-Alum Mountain flows.

() An impure coal seam in association with richly fossiliferous cherty
shales crowded with the Rhacopteris flora. '

(e) i@nrore;f::iigf displaying deltaic control of some Upper Kuttung

The chief structural feature is the Syncline which trends N. 22° W. across

the island. The axis can be located and the axial plane appears to be inclined

steeply to the south-west. The dips on either side are :
o _south- - Lhe dip b about 40°.
Ay t'.l}ihm syncline ;s the centra{l portion of the continuation of the Myall Syncline,

e presence of a lower tectonic horizon here as compared with the mainland

(see map) implies one of two things ; either

(a) %ﬁiﬁa‘i been upwarping of the synelinal floor north of Broughton

(b) the structure on the Island has been faulted away from the main syncline.
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The Lower Kuttung comprises conglomerates and a series of lavas and
associated tuffs. The voleanic suceession constitutes the Voleanic Stage of
Osborne (1922). In this area there are many flows and all manner of tuils,
breceias and agglomerates. i

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

Structure.

A fairly simple anticlinal structure marks this unit, although it is goffered
and buckled badly in the culminating zone in the south-east terminal portion
of its axial zone. It isalso complicated by the presence of a series of block-fanlted
masses in the Dungog-Chichester-Salisbury-Underbank areas. These blocks
will 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 Barrington Tableland and its prolongations, but south-eastward the piteh
begins to increase and the structure takes on a broader arching, only soon to be
merged into the complex basin and dome association which oceur near Wallarobba
and Welshman’s Creek.

Facies changes in the Lower Burindi throughout this large anticlinal sector
have brought together various Burindi types in intimate association with
varying Kuttung units. Thus mudstones of the former are sometimes overlain
by Lower Kuttung conglomerates, while at other times heavy conglomerates,
keratophyrie flows and sandy tuffaceous rocks are the Burindi types to be found
beneath the volcanie sequence.

The Eastern Side.

On the eastern margin the anticline is marked by a strong series of gravity
faults which have been responsible for placing all rocks for about two miles in a
nearly vertieal position. This rather remarkable structural condition can be
seen in the country east of Dungog and lying therefrom to the western margin
of the Stroud-Gloucester Trough. In the railway cuttings and in countless
exposures the rocks are always fonnd to be on end, and to be cut by many small
faults which are genetically related to the master faults of the area, such as the
Williams River Fault.

From the Dungog-Stroud or Dungog-Weistmantels Road to the south there
18 a region of much timber where the Lower and Upper Kuttung Series 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 Kuttung is exposed in the country between Glen William and
the Washpool near Stroud. A series of thick lava flows, chiefly toscanite, as
well ag the Martin’s Creek andesite, form rugged hills to the north-east of Glen
William. These lavas show erratic variations in thickness. They are cross-
faulted in the neighbourhood of The Brothers, and from this locality can be
traced through Clarencetown to the country southward.

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

Fractures through the rocks everywhere testify to the fairly simple tectonic
environment of these rocks during their folding, and thus make a strong contrast
with Wallarobba structures which give evidence of a very involved tectonie
evolution and the operation of rotational stress.

An important fault modifying this structure is the Gresford Fault. This
trends north-north-west—south-south-east, and is of very strong character.

C
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It can be appreciated by the study of the dips to the north and north-west of
Gresford. From a gentle dip (12-18°) in the village of East Gresford directed
to H. 15° N., there iz a fairly sndden reversal to south-west at 36-10°, In
between the two opposed dips the erestal zone of the anticline has heen broken
by the Gresford Faulf. This fault is of earlier formation than a small transverse
fault which may be seen delineated by certain steeply dipping beds trending
about north-east a few miles south of Gresford. ‘ 1

(b) The Wallarobba-Welshman's Creek Complex. The structures described
nany years ago by the writer when the Paterson-Clarencetown ares wis being
investigated comprised three tectonic entities which were unified into 1 dome-like
feature, centring about a point in the neighbourhood of * Glen Cairn

A great deal more information has been obtained by more recent field work,

and it is clear that the complexity was brought ahon 7 i i ;

z e ’ bught : 1f by the interaction of
trend-hﬂgs_a_nd_by the influence of the Hunter Thrust movement.
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is closed by a disconformity or local unconformity caused by a covering of
Permian (Upper Marine) sandstones which may be seen on the Maitland Road
just after it leaves the Dunn’s Oreek Road intersection. Here, in paddocks to
the south-east of the road, oceur Spirifer beds so characteristic of the Upper
Marine here. Tracing these and associated strata over towards the Paterson
River near the Duninald Estate, it becomes clear that the synecline is closed
by the Permian.

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

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

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

The relations of the various faunlt 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 are the Lennoxton and Hilldale Faults. The
former can be traced from the neighbourhood of Webber’s Creek Falls right
through to the Welshman’s Creek area. This is a gravity fault separating two
structural sub-provineces. The other fault is well indicated by the vertical
dipping Burindi Mudstones in the railway cutting just behind the Iittle
weatherboard church at Hilldale. The study of the surrounding country has
yielded evidence that this fault is not extensive, despite the steep dip and the
mechanical alteration of the rocks.

TaE MINDARIBBA BASIN.

Reference to this has been made by Browne (1926) and both Dr. Browne
and the author have surveyed the Basin and obtained data of the beautiful
examples of progressive overlap that marks the relations of the Permian strata.

The full discussion is reserved for another place, but this Basin possesses
evidence that assists the investigator who wishes to place the Permian rocks
between Eelah, Seaham and East Maitland in their correct tectonic relationships.

The detailed mapping of the Basin was completed by surveying the two
Sporangia tuff horizons which outerop right around the area. On the northern
(or Paterson) side of the structure a flat minor synelinal unit is developed by a
warping of the strata away from the main unit, and erosion by Webber’s Creek
and Quarry Creek has helped to isolate the minor structure.

THE SEAHAM-KANWARY STRUCTURE (SUuB-UNIT).

This has been termed a sub-unit because it may be regarded as intimately
related to the front of the plunging surface of the Gresford-Wallarobba antieline
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in its final development before the folding dies out and merges into one of the
mﬁh g;xgbmland?mB ves which dip southward towards the northern margin of

e Cumberlan asin.

: __In-ia(::t,'.ﬂ;e present; sub-unit, the Dunn’s Creek Syncline and the Mindaribba
Basin constitute three sectors lying on the front of the larger anticline that
have'bﬁen caught between the powerful Williams River Fault and the underthrust
thres;gld of the eastern extremity of the Hunter Thrust System.

- Reverting to some description of the sub-unit, we note that steep shear
thrusts of the Paterson-Seaham region are found hen’a, all intersecting tlui- Upper
;l?ung_mek's_bnt not displacing the Coal Measures to the south. This is a fact
> cardinal importance. The effect of the faults on strata up to the top of the

bl;fltzl;iMarme has been to tip the rocks up steeply and to impose local vertical
& Thes ;1:;% nelg_g;zhurmg steep joints, closely packed.
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that of the northern continuation of the Dome (beyond the Hunter River)
particularly in relation to the Carboniferous rocks (which constitute core-rocks
of the structure) in the Lamb’s Valley and Gosforth districts.

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

Farley Stage e x e 2 ot 9385 feet
Rutherford Stage .. - s ” cwy SELORY. 3
Allandale Stage .. o S ke L RO |
Lochinvar Stage .. i = e oo Al o
Total FL i =z e R

(See Osborne, 1949.)

The detailed examination of the sequences in various parts of the great
Lochinvar Provinee, and the consideration of the pal@ontological data, especially
with regard to facies development, lead one to conclude that within the great
sonthern zone of the Tasman Geosyncline in Lower Permian time there was a
marked individualism within the Lochinvar region and its environs. Thus we
can picture the early development of a sagging zone which may have lain athwart
the more or less meridional trend of the south end of the geosyncline, or may
have been orientated in a general north-north-west-sonth-south-east direction.
In either case this zone lay to the west of the area later submerged by the main
Permian seas. Whatever the orientation of the early Permian Trough, it is
clear that a progressive peripheral sinking marked the conditions attending
sedimentation from the Branxton-Singleton district on the west to Raymond
Terrace-Bullahdelah on the east.

Structural Elements of the Loehinvar Dome south of the Hunter Thrusi
System.
We may recognize the following parts of the Lochinvar Dome (south
section) :
{a) The main anticlinal foundation.
(h) The subsidiary anticline on the east side of the axis.
{¢) The Carboniferous core at Gosforth.
(d) The Carboniferous inliers near Pokolbin and at Blair Dugnid.
(¢) The Greta Fault (a shear thrust).
' (f) The Radfordslee Fault (also a thrust).
(g9) The three associated faults radiating to the south and south-east from
* Hillsborough » loecality.
(h) The minor faults breaking through the Greta Measures between Pelaw
Main and Cedar Creek (on the west).
(i) The minor radiating or * finger-faults ” of the Ravensfield area.

The contributions of the pioneer geologists to an understanding of the
structural development of the Dome were those of keen observers, but in more
recent years a wealth of information has acenmulated and in particular the work
of Jones (1939) represents a very close knowledge of the structure in the southern
part of its development. Raggatt and others have made some pertinent remarks
about the problems. However, hitherte no one has studied in the field the
vital aspects which are traced here, Viz. the relations of the stratigraphical

| distribution to the positions of the faults and the tectonic environment in the
northern region beyond the Hunter River.
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The Greta Fault was discussed by Osborne and Raggatt in an earlier
communication (1931), and Raggatt (1940) dealt with some genetic aspects
of the matter.

It is clear that the Dome was ai_i’ected very drastically by the Hunter Thrust
movement, and that the minor torsion faults of the Ravensfield-Bishop’s Bridge
district and the anticline near Pelaw Main were produced at that time. )

) Thg minor faults of the southern sector of the Greta outcrop, and in the
mines; have been described almost entirely as normal faults. The strike is
mostly north-west—south-east, and the direction of downthrow varies from pl;mé
to pla;ee}. T_}}e faults appear to be due to tensionally controlled movement
Fma}rgmcusswn of this matter is given below. ' b
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(1926) discussed some aspects of the northward confinuation 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,

(b) the Moonabung Basin,

(¢) the plunging anticline of Lamb’s Valley,
could be structurally reconciled with the non-appearance of Permian beds to
the north of Lamb’s Valley, assuming a continuance of pitch of the Kuttung
Series in that direction.

Recent mapping of the area lying between Gresford, Lamb’s Valley and
Mt. Tyraman has solved this problem. The author has found that the north
end of 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 Plateau.
This closure is the result of a south-westward dip which is developed on a broad
scale from the pass on the Gresford-Glendonbrook Road towards the area known
as Summer Hill on the Paterson River (see Figure 3).

In mid-Lamb’s Valley, lying between the bastions of toseanite which
surmount the Main Clastic Zone, and which are the margins respectively of the
Cranky Corner and Moonabung Basins, there is a gshallow basin which links up
the west and east dips of the toseanite and associated strata, the northward
plunge of the lower Lamb’s Valley area, and the south-west dip of the Main
Olastic 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 GREATER MIRRANNIE BASIN.

The map will display the almost circular nature of the outcrop of the
indicator lavas that have 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 fully considered. In the later work it has been possible to continue the
mapping of beds right around the basin and to note some outstanding struetural
features which give to the large unit cerfain tectonic individuality, even within

the great variety of struetural features now under review in this Monograph.

Stratigraphy.

The Mirrannie Basin is almost wholly in Kuttung rocks, and these embrace
the following :

Upper Kuttung 1,800 feet
Lower Kuttung .. = 5 : 4,350 ,,

The Burindi Series to the north scarcely show the Basin closure, and may be
said to be tectonically without the zone of the basin influence.

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

The Lower Kuttung includes the Voleanic Stage, but not the Basal Stage.
The vulcanicity of the Lower Kuttung in this distriet was marked by a
preponderance of andesites and ignimbrites. Hornblende andesites (which
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have been followed many miles in structural mapping) oceur both at the top
and at the bage of the Stage. The andesites used as datum levels in this work
were the higher group.

et

| Structure.
The Basin has a slight elongation in the meridional direction, and is badly
broken on the western side by a series of fanlts associated with the nose of the
Westbrook anticline (see map). The Martin’s Creek type of hornblende andesite
is developed in a series of flows, and these can be traced as a group, or occasionally

(o (UL A T SR

i |
I!‘ . T T oy for long distances as single flows. No better tectonie datum than the andesite
} I l | Scale of Miles could be had for the structural mapping.
J I H Recent work has led to the recognition of a small anticline within the

framework of the Basin along the Upper Myall Creek about eight to nine miles
from the Glendonprook Road. Myall Creek is along the weak zone of this
anticline. ‘
Taking now the main delineation of structure by the andesites, we note |
that andesite outerops strongly on the western side of The Pass on the Gresford
Road, and shows gigns of the deformation wrought by the movement connected
with the Webber’s Creek and Manresa faults. Thus steep joints parallel to the
fanlts make a confused shatter-zone in a gquarry near the Pass. From here the
andesite runs a little to the west of north and presents a steeply dipping surface |
to the west and south-west, gradually curving round to eross the creeks in the -
upper part of Myall Creek, where a sonth-westward dip is registered near Jupp
Trig. Station (see Camberwell Military One-inch Sheet, co-ords. 44-45 N-§8,
92-93, B-W).
From here to Upper Mirrannie Creek the andesite Hows inerease in number
and thickness and a series of sontherly sloping dip surfaces marks the topography.
The Lower Kuttung Series has now lost some of the dominant voleanice character
which it possessed elsewhere in the southern part of the Basin, and apart from
the andesites only thin ignimbrites and reddish felsites are noticed in amongst a
large quantity of tuff and almost pure sandstone.
In the northern part of the structure the dip is very gentle and contrasts
with the steep dips associated with fanlts of the Basin. Eventually the Basin
is shut off by the Westbrook anticlinal nose with its fracture-complex.
The faults of the Mirrannie Bagin are to some extent the faults of the
Cranky Corner Basin. They comprise two main fractures which possess the
most .b:xi!?ins.: features, and several minor fraectures, especially in the central
part of the unit, near Mt. Mirrannie.
The two major faults are the Webber’s Creek Fault and the Manresa Fault.
The former has a steep dip to the north and is apparently a shear thrust related
to, and truncated by the Hunter Thrust System. The Manresa Fanlt is evidently
of irregular shape and variable dip, turning through a zone of inversion at a
locality near Manresa property at Glendonbrook. According to the geometrical
details as determined by the author after careful field work, it seems that the
fault is to some extent an arenate one, with a steep partially conical surface
directed to the north, but modified by an inversion leading to a nearly vertical
alignment across the eastern part of the Mirrannie Basin, in the foothills of
Mt. Tyraman.
The relation of the Mirrannie and Cranky Corner Basins is a matter calling
for some thought. It would appear that the former is a mt}nh lower tectonic
level than the Cranky Corner structure, and that the Webber’s Creek Fault has
isolated zones of a former unified strueture, now modified by the thrusting of
the Webber’s Creek fault so as to steepen the dip of the Carboniferous rocks on
the north side of the Fault and also along the zone of the Manresa fracture.
If one tries to link up the Stanhope Carboniferous nnits with those north of the |
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Webber’s Creek Fracture Zone, it is found that the only manner in which this
can be done, assuming the fault to be a steep thrust, is by postulating a thickening
of the strata in the central part of the Basin and a truneation of the Kuttung
lavas along a plane that will allow the present geometrical relations, and will
reconcile the great contrast of the thick Volcanie Stage at Stanhope (see Scott,
1948) and the relatively poor development of lavas in the Mirrannie areas.

Away to the north of the Bagin in the valleys of Carrow Brook, (ilendon
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 tracts leading eventually to the
heavily forested slopes of the Tertiary capped basaltic and doleritic mountains,
e.g. Mt. Royal, Mt. Losy, Mt. Peerie, etc. '

THE ROUCHEL BASIN,
General,

The Rouchel Basin is situated east of Aberdeen lvine y ' ushy
) : ying between the Brushy
Hill Fault and the high Iandief the south-west part o??t‘ the Mt. Royal and
Barrington Plateaux. The main structure covers an area of about 130 square
miles, and is drained largely by Rouchel Brook and its tributaries, of which Back

Creel%hD%ws Creek and Stoney Creek are the most important
€ Basin is less complex than the smaller basins of the Mirr‘-mnie Bridgman
a.n}il Oweﬁst%\llount districts, but it has a very important placein the evolutionary
scheme o € more westerly portion of the thrust-block of Carboniferous rocks,

which are bounded to the west by the Hunter Thrust System.
detellrh'e ri?latlons of the Basin to the Beltrees Structuré are difficult of exact
ermination, as the country lying between the two is very heavily dissected,

i8 served wi WoT : g :
covir ed with few roads or tracks and Dossesses in some places much vegetative

Stratigraphy.

sinceﬂg]lf)lz?g Ez%T ;ﬁhﬁ-tihidy Otf.t’hls' Basin will eventually be accomplished,
development of the I(;O*um? Parb in any understanding of the gradual geological
Region. The most imno f_}y_ Iéw-( oceupied by the Kuttung Series of the Huntel
of the work was that oIt? tli:m discovery made in 1943 by the author in this field
Series, different from the %Gccurreuee of a marine phase in the Lower Kuttung
discovered by S. W Carép ?,sel?)gthe top of the Lower Kuttung which had heen
in the gradual eluci'datmy 11,“ . 4. The Rouchelbrook fossil-horizon will help
Kuttung areas of N.SW g{y g problem. of the facies changes throughout the
Lower Kuttung horizons no; ‘E;). e . itie has deseribed the Bryozoa from the
OCeHr In 9 na;r_ow belt ofowtrlifg.%goils'fiuﬁ_sed (see Orockfoyd} 1947'). The fossils
Back Creek, in Portion 34, Pavish of %mﬂdsto_nes which may be traced from

Bride s .9t Doon, through th itin % Cameron
ridge over Rouchel Brook (Portions 1 ang 34, farisheolfpﬂgﬁo(l;iltj]lztm(d‘.]\;]t;(ult(l);v

eastward to Fishole Creek, about 3 mile
Trig. Stati 1o IS andia half 50 the east of Kanear
rig. Station (Woolooma Military Sheet, Co-ords, 409—215}1% %db.t.;n?f_ 11(\)(1”31:25(1)2

EW.).
The stratigraphic position of thj

e stratigraphic position of this Z0ne can be fairly closely placed, being

€ of the Lower Kut:cung Se'ries.( ; i

from 800-1,000 feet above the bas
The summary of the Strati i
graphy is ag :
Lower Kuttung Series elene
Lower Burindi . . j = < -+ 4000 feet
7,000

The Lower Kuttung comprises th AF 7 2
= d et ] : ;
of the types areas in the Lower ggllliierasal Stage and Voleanic Stage units

coarse congl ates a : G S5 oo iote ,
fet‘.ltl. glomerates and andesites, hut asal Stage consists of very

¢ Maximum thickness is only 700
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The Voleanic Stage presents a great display of variety of type and indicates
a period of tremendous explosive vuleani¢ity since more than half of the voleanie
succession is pyroclastie, there being no area elsewhere (except perhaps the
Myall Syncline) where there is a more magnificent section of tuffs of many
kinds.

The Martin’s Creek 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 are 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 considerable amount of material overlying the andesite. These indicators
have been mapped through the central and south-eastern parts of the Basin and
they have proved a wonderful guide to the structure. The other common
lava types which also assist in unravelling strueture are some reddish felsites of
dacitic compogition which are offen strongly hamatitized. The thin flows of
this type may be followed through the Stoney and Davis Creek areas and are
associated intimately with the Back Creek-Rouchelbrook fossil zone.

The conglomerates and tuffs of the western part of the Basin are of a general
pinkish or salmon colour and ean 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 lava units are persistent.

The Lower Burindi Series comprises the important Brushy Hill crinoidal
limestone which makes a very dominant marker through the area, many tuffs
and shaly 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 axial zone of the struciure
there is a complete contrast in stratigraphic suceession with that of the areas
nearer Aberdeen. Thus on the north-eastern side of the axis the rocks are
similar to the Chichester type of erystal tulf, so prevalent in the Dungog district,
but 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 Ai?erdeen. The Brushy H1.11
limestone outcrops on the roadside about eight miles from Aberdeen and is
succeeded by Burindi sediments and red felsite, and then the Lower_huttung
conglomerates and lavas make their appearance, dipping easterly. This general
dip is maintained with an oceasional reversal and some rolling in the strata until
the Fault, which divides the Basin into rather separate portions, is reached.
This trends across the area so as to cut the course of Rouchel Brook about the
township of Rouchelbrook. This fault throws the rocks into a so_utl_a-westwmﬂ
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 since some
rocks almost certainly of Burindi facies are found here with much shattering.

After the main Fault (which becomes the Goorangoola Fault of the country
more eastward) has been passed over, the rocks evel_ltua]ly resume their eastward
dip and about four miles from Upper Rouchel village the small Davis Creek
Fault is encountered, striking north-west—south-east and trending up the Creek.
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Then there is a local rolling in the strata and soon a strong vertical joint-system
announces more gravity faulting which can be interpreted near Croften
homestead. Tt is not until one has proceeded about another two miles. near
* Brookdale ”, that the main synclinal axis is reached.

From here to the east the rocks are of a facies very different from that
characterizing the Burindi on the south-west side of the axis. We now have
large rolling hills and broad valleys of monotonous geological character. This
type of Burindi sediment iy prevalent until one approaches ** Myrtle Vale”
where the well-known Hilldale and Salisbury facies of im pure limestone and
mudstone with abundant brachiopods, bryozoa and occasional trilobites
reappears.

The rocks here are dipping to the south-west and at the head of Rouchel
Bro_ok there is e\fldence of the unconformity between Burindi and Tamworth
Series (already discussed on page 13 of this Monograph).

_ The effect of the main fault, in association with the curvature of the Basin
periphery, and tl}e_l?oundlng region of the Brushy Hill Fault all combine to
bring about the division of the Basin into the following components :

(@) A narrow basin on the north-east of the are; ) 5 8 -west
by the ool Tt area bounded on the south-west

(6) A truncated basin in which the rocks are : st w * within the
south-west portion of the centroclinal strhittlal{:g““hf e o

The unit (@) actually is the only part of the region i ; i I

1 _ ; cieiregion m which the axial zone can be
studied. The component (b) is marked by 4 peeuliar swinging away of the
near Brushy Hill village.

The relations of this Rouchel Bagin to
F 81N to the e
is obseured by the Goorangoola Fault, but it ig Clgunt

oceurs by the westward dip of the - a lyi
erii p of the strata, lying

ry immeriizite»ly to the east
ar that closure of the structure
in the Upper Glennie’s Creek

General. THE ScoNE-GUNDY Synorive,

This is a fai Al : ]
and In&kirllg infoas}illgfli]llie COHlpOSlt.e, feature oecupying about 250 gquare miles
e o Gl tﬁguftry Detween the line of the Wingen Fault on the
southern boundaries are re:p_eég?sl; ?ﬁ GIEVE_T_ on the east. The northern and
and the Hunter River. Part of the areq imshy Hill Fault near Waylands Gap,

. 8 - v
A considerable range of geological featvery I vecessible,

and the whole region is of oreat ; HLes are associated in this syncline,
which there 15 sorae diffes great interest because the Brushy Hill Fault (about

eric R A
of the area. ¢e of opinion) rung right through the central part

Stratigraphy.
The rocks included within th

e grag :
(@) Permian sreat synelinal feature are us follows :

Thicknesgeg not

determined
(6) Upper Ruttung Series A glee beluw)
(¢) Lower Kuttung Series . g deaideey
(d) Lower Burindi Series . B0

1S in the Permi, B

- : the pr 5 -ermian areas and has
thicknesses, especially as . N. ﬁﬁgﬁn%WOIk it was not necesgary to ;neasul‘é‘-
some time (see Hanlon, 1947). as been examining thege strata for
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The Kuttung Series reaches one of its greatest developments for any part
of N.8.W. It is exposed in a broad belt twelve miles wide, trending more or
less north-south. Much of the country is hard to deal with because of its rugged
character and also because of its uninhabited nature and the absence of water
in the summer.

The Kuttung Succession is as follows :

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

Lower Kuttung : A great series of felsites, andesites, rhyolites, ignimbrites
and many varieties of tuff. 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
sequence is obtainable. From the western boundary of the almost vertical
Wingen Fault 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 jointing and loeal faulting make the
tracing of the sequence difficalt.

On the east side of the area the Kuttung Series is underlain by a great
thickness of Lower Burindi mudgtones and tuffs and oqlitic Iimestones._ The
Kuttung rocks surmount the lower masses of Burindi which are exposed in the
valley of the Isis where excellent complete sections ean be examined. One
magnificent sequence throngh the Kuttung lavas and conglomerates and tuffs
into the glacial beds with beautifully developed varve-structure is exposed
on the striking mountain with peak-like top known as Waverley Pinnacle.

Important stratigraphical and petro‘iogiea_‘l pr_obl.ems are presented by the
data given by these Kuttung rocks, but this Monograph ecannot encompass
them. The Burindirocks are of Lower Burindi facies and have many fossﬂlfero_us
localities. There is no speeial interest abeut fchis 11nﬁt. The Barraba.Sen{es
lying to the east is not very productive Df_fossﬂ remains, but some radiolaria
and Lepidodendron australe characterize this terrain.

Structure. il

Tt will be convenient, for the purpose of deseription, to divide the treatment
of the syncline according 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 strata and partly of Carboniferous.
The great fracture of the Wingen Fault marks the boundary between t,hge two
Systems from near Wingen to the south, The boundary 11_01't‘h-<_ea.-st. from W_'mgeu
Station is either a continuation of the fault or glse a steep junetion plane without
digplacement. The Carboniferous beds certainly dip steeply to t_he- west, and
the dip of the Permian, while steep at first, soon flattens out conmdera;bly:_.

The author takes the view, often expressed by Dr. Raggatt, that the Wingen
Fault, after reaching the latitude of Wingen Stﬂ-tlt_)ﬂ,. passes away f'ron} its
meridional strike and bears to the north-west, leaying t_he PE_I‘Hll‘dn.lOC’l\.S to
trend, without faulted junction, alongside the Kuttung Series which st}rﬂse 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 is in favour of
it being a steep gravity fanlt with dip to _the west, except for one place where a
slight reversal to the east is seen. This is not incompatible with being a steep
1101‘111:11 fault hading west. From the site of the Burning Mountain to the

north and north-east, the Permian rocks trace out a small anticline and associated

Syncline (see Hanlon,
in the Lower Marine basalts, and pres

7y d this is adjacent to a simple steep westerly dip
e 11111531)]}?’ Lower Marine Coal Seams which
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are found east of Sandy Creek and up against the Kuoftung ridges along the
course of the Brushy Hill Fault; just a little south of Wayland’s Gap. The
section here is most ingtructive and should resolve any doubt about the type
of fault that exists. Thus the Permian Coal Measures (which it must be
remembered underlie the basalts, deseribed by Hanlon as Lower Marine in age)
are seen dipping at angles from 65° to 80° to the west, and are pasted down the
steeply inclined face of the Kuttung units of Glacial Stage. The relations of
outerop to contour will not permit of any arrangement except a westward dip
of high value.

The Ruttung roeks of this sector are noted for their acidity and reddish
cqloyr in mwany places, due to the conditions of weathering and the presence of
original magnetite. There are some glacial beds in small development in the
country lying east of the Page River.

The Kuttung lavas and tuffs show a succession not characteristic of the
Lower Hunter areas.

The dip is loeally to the west, as explained, but this is due to the influence
of the Wingen Fault in its downward pull of the marginal rocks east of the
fracture. The regional dip is to the east at about 35°, and this constitutes the
western side of the syncline. The axis of the synchne is very much affected by

the Brushy Hill Fault, and it is difficult to show it upon a map at this stage.

(b) The Eastern Sector. Stretching from the Murr i-Timor R for
) ] : . he rrurundi-Timor Road for
%“ '3"? ty llfnl?f. to the south down_ the valley of the Isis River we have the Eastern
;E(lzaor (6) tt };S syncline, a8 exposed between Gundy on the south and Timor
Bllrji%i on 'r-de f1{1'0rth. Thlg sector shows the passage of the Barraba into the
\Iudstoﬁesn ! %m _;[jhese 11_1130 the Kuttung. The lowlands are in Barraba
;md tine “};1 i; eprdodendron australe, the foothills in Burindi with L. oshornei
sl unﬁﬁs 61?131 ah;%]iigllldgg fromHSnowden Hall to Wayland’s Gap, in the
engs gl DR o I excellent stratigraphical sections. For ex: le
the whole of th ies i 10%; e
Ly e Kuttung Series is exposed up the gides of the imposing Waverley
The rocks along this sector di
thus : 28° to 30° in direction W. 20,}1?&
of the Upper Pal®ozoie strata in NS W
T v - - . . A ) 1
= falﬁt]%:)nzﬁz g;lé fglg;lt .at 1ts_nort=hcyn end bounds the sector, and from
e hjehls an Impressive section in the Kuttung Voleanic
-laterally—f. Thit:s ‘i.s . \—'e:? sp ii;:a-nd alpmst: vertical for about a mile and a half,
view thaterh Mum-umn{l' l%ﬁ cant piece of evidence, because it is the author’s
Brushy Hill Fault) is in 1110 851111:: gfﬂg‘?;;io% (which is the same fracture as the
data seen along the course of the struetu;'e ;Epztllrgzntlﬁ%sfa“]t o

Lower down the ter

interesting adjusnf}z;tegé’tf;feaig‘;“‘g 'slt?leue‘;ﬂlley closes in somewhat, and an

. % 0 ' ) T ture iS a a o 15 T ST

in the interval between Gundy and a point about eiglflilltﬁlillgq(gotltl }(; Isis Valley
= M Ttn.

At th ) e i
Stage of t‘i]:(’l%m t‘;’i'ld Oi;he syncline there is & wondepfu] section of the Basal
; S T wu e cuttings (and :l-iRO in the nearby

country). Thick conglom wi v
7 _ conglomerates th 'V coar
reversion to Burindi tufi-facies oecur heftla toarse boulders and occasional

almost constantly over the whole area
This is the dominant strike of so much

A noted bulging in the outero
_ \ o - P of the
very irregular boundsa: Xi
b Ty exists between
(¢) The South-W estern Sector
the Wingen Fault on the west g
east. The rocks of the Kutt

be;‘;e_of the syncline takes place and 2
utting and Buringdi in the area east

This ig .-

o %ﬁlligf&hu‘vly large unit and is bounded by

G e a;S 31‘ Hlll-Mm‘rurundi Fault on the
~ I'e ( awn 'dﬂ\wl an(} flliﬁ has heen
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accomplished by the Wingen Fault. As soon as the influence of the Wingen
Fault is lost there is a turning over of dip to the east, and this continues right
to the edge of the syneline and even beyond. ;

The Wingen Fault is responsible for placing glaecial beds against fairly low
beds of the Volcanic Stage. It 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 Kuttung 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 again favours an opinion for normal faulting. In
fact it is impossible in most of the zone to inferpret it other than a steep, westerly
directed, dipping fracture.

The effect of the fault on the rocks immediately east of it is to draw them
down and make a temporary anticlinal bulge against the fracture.

SovuTH TEMI BASIN.
General.

Rising in a pronounced ridge out of the relatively low land of the Murrurundi-
Blandford district are the highlands immediately north and north-east of the
alluvium-skirted upper Page’s River. These hills rise to heights well over 3,000
feet in the Liverpool Range, which is capped by basalf, and indeed Mount Temi
is approximately 4,000 feet high, but the bulk of the ridge standing east of
Murrurundi and possessing no basalt cap 18 composed of hard Carboniferous
rocks, and reaches not more than 2,800 feet above gea-level.

The high land is soon succeeded to the east by the lower eou_ntry of the
vallevs of Warland’s Creek and Scott’s Creek. In these lower pO:}'thIlS are the
Ollteltops 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 ha§ been jrermed
the Temi Basin by F. N. Hanlon (1947). The author su:rveyed_th_}s area 111»}941
and has decided to call the structure at presen!; under description the bnuth.
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 arve shown on both Hanlen’s
map and on the author’s. They are substantially the same. The boundary on
the west is a little to the east of Lower Wa—rlan_d’s Creek, but to the xj;est czt
Upper Warland’s Creek. The eastern boundary 18 partly to the east of Scott’s
Creek and later swings away to the north-west (see éﬂ&g)- % o

The mai -uctural feature which separates this Carboniferous upland from
the pla-inuilsu:;iitl]g:ltlg}ln:] Hill-Murrurundi Fault. This title has been employ_ed
because the writer has now shown that the two faults are identical, the earlier
name having been given in 1928 (see Osborne, 1928) and the latter having been

given recently by Hanlon.

Stratigraphy. e EHOATE -
The rocks of the area which are dealt with in ‘,[’he present research l)g]oug
to the Kuttung Series only. There are representatives of both Voleanic Stage

(Lower Kuttung) and Glacial Stage (Upper Kuttung). S e
that embraces both Stages may be obtained by ascend?llg.
east of the western boundary of the Parish of Murulla.

complicati he subsidiary fault (see below) is avoided. DALY
1plication of the subsidiary voleanie succession is found to be dipping

This is interpreted as due to the fault, and

the ridge at any point
By doing this the

Along such a section line the
towards the south or south-west.
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% - RS Adence, and this becomes
% . Soon the easterly dip is in ey idence, (yll‘n . 8

S prm:la:yofgsldéggm into the valley of Warland’s Oreek. The succession is

S?ril:h%fsogwm% and a variety of lavas, tufts, breceias and conglomerates 18

straig - ML

Murrurundi

T,

,E Waverley
= s
Y=
Vo oy
e
7
/

7

Brushy Hill

'/
///

/Goorangoola

Fig. 4—Diagram showing the Brushy Hill-Murrurundi Fault as due
to isostatic sag.
i;ﬁf; Eeiﬁgi 11:;he Glacial Stage makes its appearance with a succession of "".“Wii;
Hites, telsites and_ trachytes. In the Volcanic Stage a noteworthy unit i b
hypersthene andesite, probably ¥ t devel

on the same horizon as that developed 2 o
south-east end of the Werrie Basin near the road from Wallabadah to Nund®
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STRUCTURE OF THE HUNTER-MANNING-MYALL PROVINCE. 49
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 country west of Green
Creek Valley, from about the longitude of a point a mile and a half east of
Wayland’s Gap on the Timor Road. From this line to Seott’s Creek there is
a section of the eastern Kuttung component of the South Temi Basin. This
component is composed largely of tuffs and conglomerates with Lepidodendron
veltheimianum, L. osbornei and Aneimites, 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 rather
suddenly achieved in a short lateral space. If points toa very abrupt limitation
of the voleanic rocks of the Kuttung sucecession. It almost 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 Lower Marine, but it is
not in line with the facts of asymmetry to postulate pre-Permian movement.

The paramount structure is the Murrurundi-Brushy Hill Fault (see Figure 4).
This fracture has now been traced and mapped by t_he author for a distance
along the outcrop of about 50 miles, and the geological data throughout the
greater part of that interyal leave no doubt in his mind as to the character of
the fault. At Murrurundi there are features which might suggest a thrust, and
this view has been adopted by Hanlon, but the mforrqatmq given elsewhere in
this Monograph about the relations of the fault, especially in the Scone-Gundy
Syncline, must override the interpretation of the fault as a thrust. It is possible
that movement has occurred more than once on the fault, and complications
may have developed leading to local structures suggestive of t.hrnstmg-

As this is a subject of cardinal importance, the author wishes to emphasize
the following facts about the fault and its relations at ?iu}:'rlflmﬁlm :ds S

; iferous strata exposed at the base of the highlan along

o tTh};:efSSJ?zO (Efeefrom west sideI:Jf Portion 68‘ (M.urglla) almost to Warland’s

Creek are of the Glacial Stage, generally including varves. These rocks
are always dipping steeply to the south or south-west, and their small-
scale fractures, ete., indicate tensional cond.lhm(:ﬁ?i dm;ng dmplgiﬁzement_

ial rocks just mentioned form a shoulder anking the main

(©) Eggeg}ﬁfl{}gs Is%‘ilth-]westem gide, and the dip throughout the whole of

the “ shoulder » is towards the fault.

- +tings at the Gap on the New England Highway, west of
i ﬁuﬁ?&il?j,cgamiﬁ the exposug‘es down the Highway towards Ardglen,
the Carboniferous glacial strata are either vertical or st.eepl_y dlppmg to
south-west, and the structures are those associated with gravity-
controlled (not mmpression-conlt:logs;lg) mm:mefn:il PR
clate the Glacial Stage rocks of the south * shoulder

“ %131?; ?ﬁglih‘zagnﬁgved Glacial Stage g'n__Warla.nd’s_ Creek is by a strong
fault throwing south-westward. This is an associate of the main fault.

The final opinion of the author about this fault is made clear below (see
page T7.
TaE TIMOR ANTICLINE.
This key unit of the central anticlinal belt of the Province has been dealt

with in a preliminary way in an earlier paper (Osborne et al., 1949), where the
D
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- HE HUNTER-MANNING-MYALL PROVINCE.
| ! STRUCTURE OF THE HUI ts in small
r E 50 G URBORNH, ¢ closely packed minor overthx-%st iauév.e il
| Ly rful seetion 0 ) only abou
general structure and stratigraphy have been outlined without the genetic shows 2 W (iuid(,i{f:ﬂ ;he whole section comé)lﬁ‘i’;% shaiy;' limestone acts as 2
aspects being considered in full. See map (Plate TII). imbricate D mﬁ\”thin bed of rhythmically ba :
We now proceed to consider aspects complementary to the scope of the humzom-“']l)y'—.m;e'ltiha the minor structures.
earlier communication. . datam T C !
Stratigraphy and Structure. / ! ,’
This fold occupies an important median position in the zone between the / it = [
Temi Basin on the west and the country to the east, where a large block of | / / |
Barraba and Tamworth rocks lies west of the Serpentine Line. The main ¢ /
anticlinal structure is characterized by a south-south-east piteh, and this is T, ! \
continued for 15 miles until its unity of form is complicated by a group of / / 5 \
structures which lie athwart the main direction of plunge. f gty =\
Covering an area of about 70 square miles, the anticline possesses a domal T A | f ol =0
core, the origin of which is treated below. In the earlier paper it was em phasized / /f— l* \
that the Middle Devonian limestone had provided 2 splendid unit for structural ‘ iy AR | l i Tension
it (01 mapping, since throughout its mass there are several fossiliferous zones or / lep Zed]— Joints
gl horizons marked by the preponderance of one or two key species. The writer, ' / /A 7l F‘k/—
A in his original survey of the Anticline (1937), recognized eight horizons, all of | q il s | J :
which have helped in delineating the tectonic features. Dr. Ida Browne has ! s / 4 = _J—[ /
kindly confirmed the existence of the zones and has identified certain fossils ! | 1 ;
of importance. (s
The Limestone Core is succeeded on both sides by Tamworth Beds and then | ey
by a limited development of the Baldwin Series on the western side. Next | I CrumPIEd
succeeding are typical Barraba mudstones and tuffs i strong development, 3 : i 2 Limestone
showing many occurrences of fossil plants (Lepidodendron australe), : ‘ / | = :
On the nose of the anticline the amount of supra-limestone strata is distinctly Tuffs ] == :
grgz}teie t}:;a}mln tha{,) 0}1)1. 1}}11319 s;des of the fold. This is not due to deformation, but £ = il
indicates the probability of some erosion havine t: : s v o i one =
of Tamworth and Bargaba- sedimentation. S et tho Ly L

1 : icline becomes fascinating to the
geologist. These minor features, which will n oI Clhietig

oW be described, are as follows :
(@) The Glen Dhu Complex and adjacent boundary of the domal core.

(b) The Crestal Rift near Perry’s Creek.
(¢) The Eastern Trough and associated faults,

I | (d) The warped and jointed strata in the er i ad. i /
kWit ¢ Portion 62, Parish of Crawney. ek st of the Isis o, o

: (a) The Glen Dhu Complex. (Figure 5.) / 0 9 P
10 Near Glen Dhu homestead a very pronounced de ; e in Chains
il B s ; : Oeparture from the simple Scale

;H}' anticlinal structure is seen in the e%osure which takes place at the nort]:?er;:( elim in Pattern

1 of the main limestone mass (Portions 20 and 21, Parish of Cra Here el
a1 ‘ some warping and crumpling extend along dr,g i e e

by

? ’E i T trendlng S Map of the Glen Dhu Complex. b ding
{1l The Limestone has been over o L . - . Fig: 5—M% < aults bounding
{1l old: The Bral o i e;hi:l:t _{cllf!;er deformation into a minor closed - op thrusts are_.th(f.' laléil;xftheno b
| 3 v pressed In the development of two branches ones of munor, erthrusting e
i of an overthrust fault dipping steeply to the north-west and : o Cutting through the z These indicate oV v satisfactorily indicated
[l r" Tamworth Series consisting mainly of g coralline ]imest:nncms;qg a t;locl\'}of PG = of Tamworth Beds. . that have aeted are‘- fair %hus particularly in the
i| | evidence of the palzontological zones) is high up in the e ;cew uch (by the 18 Tile nature of the stresse;_an the many exposute;-tl ) 1303111?5” one can see
I | $ This limestone dips steeply to the north-north-west and j - ; ¥ hv the strain pattern ghown River from the Wessheﬂl' joints which ingerse(it a;o
i small quantities of tuff and conglomerata. #8C 15 associated with Q‘gmn creek joining theﬁIscllSl‘b Ly comple-mentfhl;%ese are respectively N. 20 W. |
%; 1 oar DY, s oularop of lucstone o the right bank of is Ri - Thombs of chert and tglﬁo The directions of
| upstream from its junction with Deadeye Creek, in Porfion%5t1§al.*1i§sl}§ (ﬁ? ieg('a)lilflt an average angle of 62°
2 4 A i
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and north-east. One set is more pronounced than the other, and this is parallel
to the direction of the major thrust. A further structural feature of interest
and correlative value is a group of wedge-like masses of limestone enclosed by
steep cross faults within the main block.

The south side of the Glen Dhu Complex is
northward dipping mass of limestone which brings ab
core of the antieline. Tt 18 clear that th
the Glen Dhu overthrust)

under severe stress, and

in juxtaposition with the
out the closure of the domal
e limestone here (on the south side of
has suffered cross warping due to yielding of the rock
to weakness through heat mechanically produced.
stresses modifying the Timor Anticline
line (see map) expressing the operation

Connected with the effects of the shearing
at Glen Dhu is a distinet bend in the axial
of a couple.

"Monument” Quicrop of Limestone

"STAIRCASE" Fault Blocks
near Perrys Creek

—Diagrams of the Perry’s Creek Step-faulted Trough.
(b) The Crestal Riit, (Figure 6.)

The most remarkable stru
has not been ablej. to mateh in all his field ex

Fig. 6.

The evidence for the rift is the presence of t
: 2 G wWo clear- tical oravi
fanlts. They enclose a prismatic block of limestone and asgg{tzi;%lglggﬂiim S

ose serutiny
to frictional
ndary walls.
a mass of
sequence (so well developed througho i :

can be traced in its suc(lzjessive posiﬁo?s,tgfegﬁzrdrggmnf).

at the north end of the rift to the base of the stur twn o
rising upward to the south side, e

This, as a datum,
m the high ground
Perry’s Creek, and

= 5
TRU URE &

Thus within the sunken block there are e,
Curved sides due 10 local steep &Y

accentuated by drag, i in an orderly manner from
=E‘¢u,nf‘1 1tlets which displace the hmeston;al me :;ltrg Tgis ctructure 18
(b) Cross "t the little trongh towards fhe cen’x opposed fashion (see
e mfds (c)loulble staircage with steps arrange
that of a ‘ i
Rioure 6). : mpetent geologist,
p 1‘*“111: 21)1 attend the examin&ﬁgln'ft()f ?fﬁsﬁaifgrgzd&e?fgeé)a’nd BEOR %ep-
No doubt can autle Yo £ this rift wi : K iven above
iar ation 0O e reading gi 0
because the P?C“_l]a.tlfs_s&gér careful investigation ﬁ%&lﬂl Pz)f faulting are unique
bl d.mi‘mgfma :me These geometrical relatl
can be the only va :

in the writer’s field experience.

al development, caused or
(@)

ide of the anticline

(cy The "oz Tmug}?d trough i8 encountered on theogiiteTﬂTili%eis due to the

i\ snu;ll ‘:;f“ig;;ﬁ; COreek two miles to the [Ea.ted’ with the early folding,
trending 1iro W

: ich were assocl
development of two gravity faults whi

: v W
] i es relief. iceab movement. A thro
pi‘oba!!’k‘)ly e peno&egpf Sat,rnd show no noticed le 1@“61{52 limestone hereabouts.
he faults are steep,

tions of T : snkish
of at least 150 feet 18 indicated by the@?lﬂgrilzed the limestone into 2 pinki

Heat generated by deformation has m : t of the trough is found m th(;
marble. -ding the developmen f Crawney) of a series o
: i 4 ar a4 - = Ta
ol (m(}ellcfélggﬂ (in Portion 57, .Paii}:ig ’3‘&0131]1‘& pattern of 10z1en§‘;
Ocmmlmc{le thmggojfl ﬁlﬁ which possess & d13§n?ength) characterize fairly 1ars
fractured masses ; :

' joi hich occupy the
= {cal shear joints W g
shape. The lozenges (UP e d by vertica s e
RMS‘SGS % hed_—rock? an% it therl ass n%ltctargopil' These strain effeets
comelh tl coint direetions IS a‘b(;. ﬁsional fault period of stress
The angle between t ::io!n T iohl prece dod the te
are due to the cOmMPpres

relief. et .

i andeline: .. licated

min : e very comp

(dy The minae Bl S thei the plung  fron e a;lftlt?]];él carbonate rock to
Down the broad Z?n‘;‘;dica,tes the low res}Sltg;“ﬁ on the southWard_fagmg

crutupling exists Tmi lace to study o nvolutions can be examined. it

deformation. The BE ?q’ Creek. Here the €0 tichinal folds there are smai

valley wall of lower Isag( ctions of the minor ?Ifl{ractures of thesless SLrONEL
L cmv%gciel‘eﬂace s eRs 0 ly crestal tension joints ‘;f f?)

overthrasb i S he anticline leans over b

puckered material. ¢ Tokoral disp_lﬁ:ﬁemem? W}L‘Q%ncggfpressive e

mait beoess th%pgch;;) the continued operation

be modified i sha ¥yt

1 < f
he South End of the ] 18 i ructures which are ©
(e) Warped Zones at the 0 P of minor struc

{ s d.
i e T in certain places 1N an
A very i]:meresi:ingt afﬁlgml_nfc gnfm,aonment Ipa,g 1;31:319];1'];]1 s t‘% i glai
value in sizing up the tec Veﬂy. Thus in & Rt
2 5 c h Qf_ awne o of nnev
near Portion 62, Pars Cr - D

B viden k examples. They
tuff gives evl e text-hoo

anticline a broad O?iliﬁ?gezfpresegﬁt are almost 1ike

zone. The minor ied

include )
i) Steep joints
(1) compressive stres
(ii) Anticlinal bulge P

component.

nose-front of

irection of
+ 85° and pisected by the directio
intersecting 2
mtes " component:

n of compressive
jenlar
erpendi¢

to the directio




54 G. D. OSBORNE.

(iii) Cross fractures perpendicular to the direction of tension.

(iv) Small thrust faults with minimal displacement almost parallel to the
trend of the anticlinal bulge:

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

In several places in the creeks to the south of the disappearance of the
limestone the overlying Tamworth Beds show interesting small-scale structures,
some of which are post-depositional, and therefore of use in unravelling tectonic
development. Others are quasi-para-depositional, such as the beautifully
developed cases in the creek bed within Portion 82, Parish of Crawney. In a
large block of Tamworth Beds 18 tiny overthrust faults cut an 18 inch bed of
cherty-claystones and produce a perfect set of imbricate schuppen recalling (on
small scale) the classic imbricate zones of the Scottish North-western Highland
thrusts. Kvidence of the almost para-depositional character is given by the
undisturbed strata above and below the fractured bed, and the absence of any
shattering of lateral displacement of the enclosing strata. :

THE BELTREES STRUCTURE.

The title 5 S‘a‘ucmre-” has been applied here rather than any more definite
term because the expression of the geological architecture in this ares is really

ill defined. Briefly, the Beltrees Structure lies RN oo riosi] D =
and Burindi rocks, but chiefly of the glon mostly of Devonian

: he former, which fits in between the various
more definitely developed basins and domes, ete., that are described and
«congidered.

Thus the area is a kind of “no-man’s land » betw: ving :

: een the following :
(@) Moonan Syncline, (b) end of the Timor Anticline, (¢) margin of the Scone-
Gundy Synclme,_ and (d) th'e north-western part of the Rouchel Basin.

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

Thus the rocks of the Structure are found to dip somewhat in an irregular
man}x:.er, south-westward towards the Seone-Gundy Basin, north-eastward and
nortAwal.zdrgiinaérdsI the M(;onzmeSyncline, and so on for other surrounding folds.

development o arraba mudstones iy seen between Beltrees,

Mogﬁlan_ ;\.nd Brush Hill Cregk_a,nd in the valley of Page’s Oreek. These rest
on t ;}fl 3;; of :I;f Tu:ll;{)r Anticline, or pass under the edges of the Moonan Basin.
€ ¢ips throughout this mass of Barraba rocks are qui j is

2 : ; : ite low, and this
feature contrasts with the rather general higher dip of the Tacxlnworth Beds which
underlie the Barraba with a slight 3

unconformity.
There are few faults in the Beltre

= es Dome.
mayé) e df?}mbed 75 tha:t i r01111}g {strata, Iﬂa’inly centring about a domal focus.
e clifaﬁ St.'édy of strike and dip in the Rouchel Bagin Suggests that a narrow
=t COITIAOT I8 necessary to link the Seone-Gundy Syneline and the Rouchel
asin. This would be down the course of n e 3

the Hunter River between Beltrees

and the general tectonic character

- THE MooNAN Synoring,

Moona(glil‘ll]:tn% gears %ua existence of synelinal structure about the region of
1918). IﬂVﬁ,Sﬁga(filgIllls iﬁoﬁﬁ?ig;ﬁmﬁimﬂok has been known (see Morrison,
that area led to the recognition of thi;v;tm:?:l" egOId and other ore deposits of
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' i in horizons
The author has examined the area caref 1,y ax;%oﬂpg):%h%eﬁzp.
and has found that the strueture 18 fairly simple, as |

i indi ies for the central

The rocks of this tectonie unit are entirely B;llrmd}ieiilrlmss 51?;01‘[;?1%]'11 T é

closed outerop, and Barraba mudstones for E .es zfre i

cmﬁrmzlhml portion. Bre-?.[-‘kigg It;;;;)gg;ﬂ t?gi n‘)ddle < -anmd posiﬂ%ly

obably bwo. ages W e EEE i i : little interest tor
Il)&lll}}l)!:]?%)\(lllg“;; j:fst. ’possibly.La‘.ce Permian. These rocks have Ir

us in the present communication.

e I or less
ine i _north-west, and therefore more
P 5 the synecline is west-nor st, 4 e
ot ..'l ]W :-:-eii'(iltl?fthe trexyélds of the other mpertanPt 151;_1;;(3;1011':: rrlgoory-t }ffo i
fltit\mi)lll)l‘:am to the main trend line of the Upper Palz

lism i jal trends of the
eastern N.S.W. In particular the lack of parallelism 1n axia

icline i8 I od and raises a distinet
Moonan Syneline and the Timor Anticline i8 bﬁgﬁ r;leer;is& il g
iu'ohl:nn.k' Some remarks on this are made >

: in £ tuffs and impure
The strata of the Burindi Series embra.tge ‘?ﬁnyffgs%(ﬁegous il iialiheds
limestm_lles,‘ and also a-hgregf de%t?ilj(ilgﬁelgegs 1 It{s Soliablc t‘hi'trﬁl nlg ggft’é
These remind one of the Glen Ly i .Burindi o it ve “ out, of
Bun'}]{l'l 13(11{15 al(%li?tﬁ?ﬁfé %iilt) ridges are fouH?l W?;;:ia;ﬁf'e hgfr dthht:,a?bructlu'e
Series have resisted differentially and where the orT o rend.
has };1‘0(111(‘611 a changing direction of t 6_3 T1ag e e
The only large-scale feature to modify thit?m h on the southern side and
svnvli_ng is the Moonan Fa,ult:ii nggllor?éei?f: roadu:fn O the adjacent creeks a
'c'an be very satisfactorily studie !

- . ;
few miles south of Moonan Fla il U e R
( The south-western side of the syncime -'I%?:;: tiesilrll%ierest of this broad
i tr o hptlilrtiw Pamworth Beds, and this heig
juncrion wik > Ld
fold.
SECTOR.
STRUCTURE OF ROOKHUBST-GURBJGA;BAKE
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General. ster a large section of

: th-westward from GOTEE arrington Tableland
i thWﬁ,_s_Elvg?l %ﬁﬁﬁ;ﬁaﬁge leads to the foothills of tlic; ]ishis (‘,gl].llfﬂ.’}?, o
n the Middle M
Q;M the southern spurs of

d Plateau. . : iy
the New Englan - roads, there is a gre
deal of which is very rugged, unsettled and-umewedeshgf acid, basic aﬂ% Uém?;
g : S ith inti . Sy . study i
7 n Ioc : in the present study
development of De?z‘;&interest of part of this eggr(t::n‘yt o ke morthern sector
basic rocks. The € 1 tures which bave been ad)a & conspicnowly G e
the occurrence of stmf_ lTrough and yet have fon i e b
of the Stroud-Gloucester Tosrest mnd west-north-west
adjustments of the north-west ¢ the Trough.
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meridionally-stamped earl ]
; ing the St :no-Macleay Province
For the piypo % Gomple?agrolaﬁons to the Manning beg of trips,

apen f ining some idea of earried out a num ,
doveribed by Veisey (19581941, the S3CAC0 15" done and in others more
o i reconnalssa gh country nea e ot
i Whlcht’.On;Y ‘Tvere possible. In the 1:2;%9 sections of the Barrington
dotailed o ‘Barney Rivers, and on ization of expeditions from
of the Manning and Pigna b able help in the organiz el

Tableland T have had consider : gratefully rem:

& s ce 18 -
local settlers, and their unstinted servi Cobalkh, MyTa, Rawdon Vale, Boonara

: . urricabalkh, ¢ ine the structural
i grea&proplfr;o;gsb(gel(l} visi cf?ett)l in"the tagk of unravelling
and many others nha :

an rocks.
relations in these wide areas of Devonk
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Summarized Stratigraphy.

Rookhurst, 14 miles from Glou s ig i :
dippinge - R S [EEEL 58 cester, is in a region wher e
degpeiggrfglﬂan?;lsestﬁ succeeded by the Barraba Sergi;s in stffl)ggt‘ss de? . t;lljlr
cherts and kerato he hen pass downward stratigraphically into tuffs {;IUUI
-particularly el e agtecclas of the Baldwin Series. These may be o
In the hills to the 1;1 S?;h ong the Nowendoc Road, north-west from Rook] i
follows upstrean the valley of the Tittls Masosas wra picoakh Boad (i
part of the Dewitt River), one can see the strik%fgl'l %I};‘Eezg rtah?ff:hﬂl}inl;ppe?
) o iz e o

jasper which i 50
jasp trends in an eagt-south-east—west-north-west direction from the

neighbourhood of Mt. Myra (3,700 feet) to Vinegar Hill (1,100 feet)
s :

Between the confluence of th i
s . _ : e Dewitt and Mannin ive
an% ;%1‘13 113'];1{331;7& :.re exc.ell.ent sections which expose Ba,ldxgirfl{ ;?é’s;nd Cuu]cg.ba_kh
oy S ta’tionns are fairly clear (see below).  Further west in th o
one meets the first of the ultrabasic comple*;x ewnht_ailc%ﬂiguihood
. akes a

c{)nsidel'able Out(}rop here and on rmey R Iver and ever 1 Vi
fa,"s int = W extends to the Pi & Ba; ¥ i ¢
1nto lme with the D.a:ITIOW Serpﬁntine be]t running t:]l-w ‘W ) 1 \’ a]!l
; { g nor est ard towards
A S[]mma-[y of the stra .g' & y .S ecrtor 18
tigl Ph of thi I ig ¢ ; %
s - . : 8 18 as t()ll() #5.8

Baldwin Series 2,300 feet
Ta.mWUrth Series . . 63000 1
a:6000 .,

(All thicknesses are a,pprc)lena,te.i-.

Structure.

Ihe LOHS‘;ﬂ.nt 0[’)881‘ va tl()nB ()f dlp a:]ld at 1 1 e V) tinges Vi le
- 5
lke 8ik th mally but g8 a (lll(l-b

et 1 . c
may be summarized as follows :9-3'1' that the tectonic conditions of this sector

(@) There is a sli
- slight unconformity bet
_ : e ween t ;
o OTI}llz hgl;d, a.nd either the Barraba or I;;Jd%lfn Tsszgéoéghtf Edi’h o8 the
vonlan rocks are thrown j ‘ne other.
axes a ;i mnto a s i I .
a svﬁ?&ppiox?}?ately north-west—south-east ﬁill‘ne and anticline with
e rf,il 0 the west-north-west., ; i one place indicating
owe rerti :
Barraba, a‘;fétl%ailé?vgg gpp_arenﬂy tensional) faults cut :
neighbourhood ; Series and cause v Sl eoruss | the
ood of the fractures. ery steep dips in the

(d) On the whole the dip:
s of ¢ ' : e
areas already discusged(? the strata are distinetly higher than in other

(¢) The diagenetic state
e 1 the rock i
stronger d 5 5 varies somew
moreadrastize}:gg;];g?g ng Ié“?d cherty facies, Pg&?})?; teét-llllntyi)eg T
other structural sectors,p rience than had been the cage v?zct]f rovﬁitgl i;:

(f) Many mino i
il f011‘ (ﬁ)]}llge]1]1921;1811%2::3 tear faults and other attendant £ 3
that eonnseted With ot en :;rw;ereﬁ Large faults, with the§t£§ ¥ Sg.lggesﬁ
ey L Sntinal: : . xeeption o
. associaftion of steep well-cut tensjoil_;.lnt.“_lslon, showed inva.ria%ly the
ome data to substantiate the above conclusi YA
(a) Over a go s
interval N. 25° %V?(i]odeﬂ'a’l Zf)f‘h_vg_ dlstrfl..(ft the BafldWin and B &
direction E. 10°8.-E.S.F -» While the Tam i & oo i the
Tamworth V" S.-ES.E. The values for di worth Beds show dips in the
mworth (omitting the effects of faults) ;
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(b) The road climbing oub of the Dewitt River and leading over into the
beautiful * 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 satisfactory 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 shattering 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 reminds one of the similar condition
geen in the Lower and Upper Burindi rocks of the Bullahdelah-O’Sullivan’s
Gap-Mayer’s Flat sector.

Tn both cases the folding is in a zone where much strong erustal shortening
is associated with steep gravity faulting and later overthrusting.

Readings of dip along the Dewitt and Little Manning Rivers and also near
Tibbuc and Bretti (north of Rookhurst) invariably give evidence of strong
compression.

() A corollary of the severe tectonic experience that the rocks have
undergone is the production of a compact texture and strong lithifaction. Thus
many of the sediments have been affected by silicification due to regional
cementation by ground waters giving a texture partly determined by relative
ks and partly by the intensity of stress that has operated.

antiquity of the roc
Greater development is invariably seen with Tamworth Beds rather than with

the somewhat newer rocks.

(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 oceasions,
and that the earlier movement followed a period of strong folding.

FAULTS.
ACCORDING TO ASSOCIATION WITH VARIOUS STRUCTURAL
ELEMENTS.

In the descriptions of the many structural entities given above it has been
necessary to refer to various faults in a preliminary way, and a certain amount
of genetic discussion has been inevitable. If is now appropriate to classify the
faults according to the fold or major structure with which they are associated,
beginning in the east and proceeding west and northward.

Altogether, apart from relatively miner fractures, seventy-one faults have
been mapped, and are shown on the map (Figure 7). A geographico-tectonic
gaummary of the faults follows.

A. Faults of the Myall Syncline.
Fi1-Fb. Booloombayt Fault, Mayer’s Flat Fault, Bombah Fault.

Bullahdelah Horst Faults, Waunkivory-Myall Fault.
B. Faults of the Girvan Anticline.
6, Bl Crawford River Fault No. 1 (probable), Crawford River Fault
No. 2.
C. Faults of the Stroud-Gloucester Trough.

(a) Marginal Faulis.
F8, F10, F11, F16, 1923, Stroud Mountain Fault, East Stratford Fault,
The Glen Fault, Williams River-Manchester Fault, ‘Washpool

Fault.

CLASSIFICATION

B e e
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(b) Intra-graben Faults.
F20, F21, 22, F24, F25. Dewrang Faults, Stroud Road Fault, Tarean

Fault, Allworth Faunlt.
(¢) Cross Faulis.
F9, F12, F13, ¥18, F19. Johnson’s Creek Fault, Mograni Fault,
Barrington River Fault, Cut Roeck Fault, Upper Avon Fault.,
(d) Faults Geographically Associated with Trough.
: F14, F15. Tugrabakh Fault, Pitlochry Fauls. ' |
D. Faults of the Dungog-Chichester Group. F26-30.

. Faults of the W allarobba-Gresford Anticline.
F31, F32, F33, F34, F37, F38. Bingleburra Fault, Lewingbrook ]:“ault,
Gresford Fault, Trevallyn Faulf, Wallarobba Thrust, Hilldale .

Fault.

iver Structure.

. Faults of the Paterson- Williams R ) |
F39, F40, F4l, F42, F36. Paterson River Fault, Hungry Hill Fault, !
Charlton Fault, Butterwick Fault, Lennoxton Fault. 1|
G. Faults of the Tochinvar Dome. ;
F5l. Radfordslee Fault, Greta Fault, Greta | ‘

F4i6, F47, F48, F49 F50
b,i\‘[[ii(;rI‘F;‘hts’ Bavensfield Fault, Mathews Gap Fault, other Minor 1
Faults. |
H. Faults of the Mirrannie Basin. ||\|
F52, F35. Manresa Fault, Fauls, Central Faults.
I. Faults of the Westbrook Anticline- .
¥53, Fb54 and F56. Westbrook, Benvenue Fault, Goorangoola Fault. |

J. Faulis of Grasstree-Owens Mt. Structure. i
¥55, F57-60. Owens Mt. Fault, Grasstree Fanlts. _ \

Webber’s Creek

Numerical List of Significant Faults.

_ Booloombayt Fault. l

Mayer's Flat Fault. |

Bombah Fault. Il

Bullahdelah Horst Faults. ijh

Waukivory-Myall Fault. I

Crawford River Fault No. 1 H

Crawford River Fault No. - ‘

. Stroud Mountain Fault.

0. Johnson’s Creek Fault.

10. The Glen Faulf. i

11. Bast Stratford Fault.

12. Mograni Fault.

13. Barrington River Fault.

14. Tugrabakh Fault.

15. Pitlochry Fault.

16. Wi]liamg River (;Manchester) Fault.

! 17. Bowman Road Fault.

{ 18. Cat Rock Fault.

I 19, Upper Avon Fault.

i 20-21. Dewrang Faults.

i 52. Stroud Road Fault. I
23. Washpool Fault. \‘i
94. Tarean Fault. '\

Fig. 7.—F :
ig. 7.—Fault Patterns of the Province
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25. Allworth Fault.

26-30. Dungog-Chichester Faults.
31. Bingleburra, Fault.

32. Lewingbrook Fault.

33. Gresford Fault.

34. Trevallyn Fault.

35. Webber's Oreek Fault.
36. Lennoxton Fault.

37. Hilldale Fault.

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

40. Hungry Hill Faults.
41. Charlton Fault,

42. Butterwick Fault.

43. Glenoak Fault.

44, Gosforth Fanlt.

45. Belah Creek Fault.

46. Radfordslee Fault.

47. Greta Fault,

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

51. Matthews Gap Fault.
52. Manresa Fault.

53. Westbrook Fault.

54. Benvenue Fault.

55. Owens Mount Fault.
56. Goorangoola Fault,
57-60. Grasstree Faulis.
61. Brushy Hill (=Murrurundi) Fault,
62. Hunter Thrust System.
63. Wingen Fault.

64. Wingen East Fault.
65. Isis River Fault.

66. Glen Dhu Thrusts,

67. Moonan Fault.

68. Pigna Barney Fault.
69. Myra Fault.

70. Rawdon Vale Fault.
71. Treachery Head Fault.

Character of the Main Fauits,
There is considerable variety in the eharacter of the fault

: t8. A large number
of the faults are gravity or normal faults, and appear to he mainly the result of
adjustment in folded terrains in the stress-relief period connected with an
episode of the folt}mg. Other faults are true overthrusts dipping towards the
dlllmctlt%].lr frgm Wé]ichfthe causal stresses came. Yet other thrasts appear to be
stear-thrusts and to form components in a sreat soher i
of rotational stress. = § R the i

In a former paper (Carey and Osborne 1938) attention j
complicated plan of fracturing in the Cajr e e

: ‘boniferoug overthrust block of the
Hunter River district. A preliminary analysis of ¢ = o ;
to ‘the fplding indicated that a considera,bley iahi -he faulting and its relation

; : €, In the course of the Tate Paleozoic
diastrophism. TLater work hag confirmed the general the ' i
earlier paper. It can now he pointed out th : 198is put forward in the
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ideri ; ! ir ndin some places successive
congidering there were variable stress environments, and in 'COSSL
movementt;s were characterized by changngﬁteetomc relations, due to variability
in the direction and kind of sfress operating. : ! '

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

Direct cc:;npressive- stress produced overthrusts and rarely u_nderthrustsf.
After cessation of thrusting, gravity adjuji:ﬁngn@ 11;1‘01?1&&(1 ;0;;1?; ég,%];sé ;}:;;; ;)d
which were of considerable magnitude. 1 importan : wa 2

i i : tuate certain preexisting gentle
by rotational stresses operating so as to accentu it Prept sty sontle
lds ¢ to produce conjugate sets of s}%ear-thrusts with g Y _
2?11{1130;11;(11 rr';sllfes and tear Jfa,%lts of a dip-slip cilaéacter. 1111}3 flfdm;nczflzs uﬁgegehg[g%

: ssessing ' 1 en prese o ‘
faults possessing a noteworthy bend or kink (oft Bl

= = ; tioning of fractures in two :

£ 50° or 130°) have been formed by the functioz ! i g
?h: (lis?placem)ent being adjustedhalgng Ewotglaj‘?}_fz;l;e;g];itgoﬁg?;GO 1;3&11:195115
hich in some cases was smoothed oub 1nto ° AP
g::;?u:n bThe Brushy Hill Fault has this characteristic in two plz«;fcei.rﬁ psme

Reference to the earlier paper (1939) will giVettgletdh&t% i‘;ligl?[‘ h?ust-gawiétzm
of the main belt of Kuttung rocks running adjacent to the e
from the Lower Hunter to Scone. These _fault-patterns mayi lgn LEb i
to include other faults which appear to fit into the scheme Cl)_l‘ g ud}:;ases e ey
o e coq.rse,lth%‘e ol bslfﬁn Shzriggiirlxe?saz’m large one and
it is hard to fit faults into a ratiena _scheme, ; e

: . R tonic environments from place §3) : !
e 1zeemconife that, in addition to the faults already described

J o s 19V 1 ) . N : ey 11 .
To summarize, we 1may oroups can be established by genetic consideration :
=

in earlier works, the following
Overthrusts.
F26-F30, F7, F38.
Shear Thrusts (frequently constituting cross faults).
¥13, F12, F15, F34, F9, F18, F19, FT'l.. ;
Tear Faults (perpendicular to the tengional direction).
F35, F36.

S Gravity (Normal) Faults. y . o ; 2,
Stee})Fl rc;:; JF; ¥4, F'5, F6, F8, F10, F11, F16, F20, F21, ¥22, F23, I'24,
£ - = s} -
' F25, F31, F32, F33, F35, F65.

Special Cases. i . ject of a good
pecgert'bin large faults which have, in past ye%ls{hbe]e;[lu;%:ri;‘gﬁc;tﬁl pl‘(isent
deal of dicscussiou among those who have worked in the :

s i ased.
problems, although our knowledge about them has incre

] ysten.
The Hunter Thrust Sys ;
A great deal of evidence is a,vg;iiaél;lf)reg%ﬁ% g}éi-zfﬁffézg?i h(:efa,gl?:l-)l?f(?c%
‘ ‘ agoatt, 1929 an ; : o ‘ i
I_1926, sl' ?;igé; ];)‘%r Ittt:f gé?fi?ﬁm- to have been rather u'regul.ai,m eonisglgi ;ﬂggm ﬂﬁ
nslgvt')élmleﬁt of the Thrust being controlled by some preexllg, ‘m% 1}2 fO? tﬁis gl
Tealt i i prbt;a;);i%ﬁivé)jnd%;% I'}_‘hrust and the steep
i ' reat contrast betwee _ cep
gfﬁiltt-zgﬁé igeﬁgichggﬁpfntine and associated mtrgwmgssﬂshﬁgif?sggr%gggba)
is-a‘PIP&Teﬂ't Watantisf s ﬂfletinatl)%ﬁgfltﬁfat the eulmj'jla.t-ing event of
1 - ibed below, I am of the fiut e b
?ﬁ?a&éiaéiogﬁgg :ras related to this notable contrast in fracturing




62 G. D. OSBORNE.

The Brushy-Hill Murrurundi Foult.

Originally deseribed by Osborne as a steep normal fault under the title
“ Brushy Hill , this fracture has proved one of the most controversial items in
discussions of Late Palmozoic tectonics. Hanlon (1947) deseribed the powerful
fault at Murrurundi as the Murrurundi Thrust, but full study of the fault in its
course through the Scone-Gundy synecline econfirms the writer’s original thesis
(see description of South Temi Basin, above). The fault is on a grand scale,
and its progress from near Singleton to Murrurundi is marked by successive
characteristics and successive associations with truneated strata. On account
of the good outerops invariably available in the Carboniferous terrain, one is
able to interpret the geometrical relations of this fault with satisfaction.

As the fault cuts across marked trends developed in the Late Palmozoic
thrusting, it is to be marked off as different from the other normal faults which
are integrated into the parent folds with which they are genetically associated,
and with whose axes they are generally parallel. This great fault, therefore, is
later in date than many other normal faults. (See below for further discussion.)

The Wingen Fault.

This is another fault with a first-rate importance and a dominant réle in
the evolution of structures in the Scone-Murrurundi province. The author has
consistently adhered to the view of Browne (1924) and to his (the author’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. 588)
and interpreted as the truncating 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 econsidered that such a small reversal is consistent
with normal character elsewhere. W

The Williams River Fault (Manchester Bault).

First suggested by Professor David and mapped and deserib shorr
; ! ed by Osborne
(1922), this magmﬁcept fault possesses a very clear-cut character ﬁxhibitina‘
taithful parallelism with the Stroud-Gloucester Trough (see map). No more
striking ev_ldenee of genetic associations could be wished for. The effect of this
gr(iiqté gravity fau.lht has beellll to place so much of the neighbouring strata on end
and to cause such severe shattering that one is forced to a \cessiv
periods of movement have oececurred. R
In the north of the western zone, adjacent to the Ty : g
/ ough, a strong fault
(called the Manchester Fault by Andrews) was recently sgh:)wn to be the
continnation of the Williams River Fracture. : ; =

The Treachery Head Fault (F71).

The few exposures that are available alone i : Sl
petwegn Myall Lakes and Forster give much %tr?lit“u?'gf g:g‘f lgilldecl)g;tlelldﬁgﬁg
investigator who has fo endure certain hardships to get to these isclands 24
in the sea of sand. At Treachery Head and the rugged headlands of Seal Rocks,
excellent exposures of Burindi roeks are to be seen. These dip ver coﬁsistentl?
to the west at an angle of 40°, and at the former locality are cut b )z:n overthrust
(or possibly underthrust) fault dipping northward and strikin gast-north«east.
This fault-exposure is probably the remnant of g very power%ul and extensivé
structure, since the degree of mechanical alteration and crumpling of t-hE" rocks
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are very intense. One would be justified in concluding that high temperature
existed in the rocks at the time of faulting, since excessively deformed and flat,
overturned strata are to be seen. Some of the folds are miniature ‘“ nappes ',
piled one upon the other.

The position of this fault in the Late Paleozoic orogen suggests the possibility
of its being one of a series of thrusts developed on the front of the great plunging
geanticline which is built of the Middle and Upper Pal®ozoic terrains mantling
the older sedimentary core and associated intrusives of New England.

The Réle of Faulis in the Stroud-Gloueester Trough.

Four sets of faults are present. These may be reviewed again for the
purpose of noting the remarkable degree of fracturing that this narrow structure
has endured. The four groups are:

(o) Marginal Faults (north-south).

(b) Intra-Graben Faults (north-south).

(¢) Cross Faults (east-west).

(d) Minor thrusts in the Crumpled Coal Measures.

The last-mentioned are the result of the main south-westward movement
at the close of the diastrophism. The cross faults 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 reference to the ocecurrence of
Serpentine and associated basic and ultrabasie intrusions. These are (a) the
Curricabakh-Boonara District, (b) the Valley of the Pigna Barney River,and
(¢) the Glenrock-Barry District.

In the latter two areas the Serpentine occurs 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 associated with a fault zone. The
trend of the belts is W. 15-20° N. In the first of the three localities there is,
compared with the other two, a greater variety of intrusion, greater lateral
development, due to several tongues of serpentine and basie intrusives, and more
complicated tectonic environment. g 3 I i

Serpentine * western New England have been studie y Benson
(_1_5)1;fi§f£f1f;§9,0i92 43’ but little has been attempted regarding an a-nalgms. of
the stress relations of the intrusions. Quite recently the author has investigated
serpentine intrusions nese. Barrabs, N.E& W= and m Now Zealand. Hor

correlative purposes detailed remarks about the Barraba occurrence will be

made subsequently, in order to bring into foens some of the problems of

serpentines as the author sees them.

Field Relations and Evidence. 5 Star beh . B

The Serpentines on the Barnard River near barry otation behave i 1"“‘1‘_1
the game Waly)— as those of western New England, i.e. fco say the ultral;asm 10(_!Ls
are in definite fault zones of some magnitude, and intimately assoeciated with
large bars of jasper.

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

at 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
strueture and appear to have invaded a shattered terrain where many narrow
intrusions have been made possible.

The following field data were obtained by a recent study :

(#) The main trend of the longer intrusions is W. 256-30° N, and occasionally
E.: 10°N.

(b) In addition to much harzburgite 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
section was obtained, figures for width of outecrop being only approximate.
(Direction of traverse, north to south.)

Ultrabasic and basie complex .. i .« 4,600 feet
Jaspers S o4 2 £ i 200 ..
Alternations of gabbro injections and altered

Baldwin agglomerates il il 0001 .,
Serpentine and spilite breceia .. § o ’800 d
Dolerite o ok s o2 i o 4,000 4
Serpentine with sedimentary inelusions s ,200 ;
Jaspers and quartzites .. i 400 f

Serpentines amid Tamworth Beds in ma.;l‘y lenses 3,000

The petrogenetic relationships of the many basic rocks have not yet been
examined, but in the Barraba (Wood’s Reef) district of western New Eneland
a full investigation has recently been made upon the serpentine, in assocﬁltion
with Mr. John S. Proud, B.E. Since the results of that work appear to be of
general applicability to serpentine belts in northern N.8.W a full account of
Wood’s Reef will be given for correlative purposes. x ‘

(I am indebted to Mr. Proud for his approval of the i rati
Wood’s Reef research results in this Monogggph_) g onoiy

TECTONIC AND PETROGENETIC EVOLUTION OF THE
WOODS REEF SERPENTINE.*

) The Woods Reef serpentine (using this term collecti : abasic
intrusives and genetically associated rocks) forms p;&vsfls;ic: gilejt-l%esulfhi)sﬁg
Belt, made famous by the researches of Professor W. N. Benson e
The Serpentine occurs in a broad belt one : e s Wi
trending approximately N. 20° W. in the main 01%’5001%111){? a%iearél;iergll?;ozgﬁﬁ{
trending N. 25° E. is present in the district. In addition one or tw Vb*?dliar
intrusions oceur, east of the main mass. The western In’abrgin of thg :1\11 beutin{;
is a well-marked crush zone. This zone appears to he more or less 'v%rtié:a-l,

although in odd places the dip is steen to the we p v
trend of the western margin is N. 20—2%" W MRS The geers]

* The problems of serpentine-emplacerent, made more
by Bowen and Tuttle (1949), are not finally considered here
tion now in preparation by the author. )

urgent by the recent, epochal paper
but are the suibject of a communica-
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i - igzag and at times
The eastern boundary is less regu.lar and presents a zigzag and at biume
sinnous pattern, especially in the region where the virgation begins, and within
the virgation itgelf. The pattern is frequently marked out by alternations in
direction thus : N.20-25°'W. and N. 25° K. Also cutting across these directions
are fanlted boundaries trending east and slightly south of east. r
Another noticeable direction contributing é:}cl) 1}}12— paﬁﬁﬂvlvegi thIet (ia:sgg;nn
, i i i ' -east—north- !
margin and the virgation focus 18 that of south-eas i
then that the directional controls are very _mu(;}fn in ggﬁtra%hzhggt;ﬁgdcol?;;ggrrs
the east and west boundaries of the serpentine : ) i pa
ofletlfelbea‘stern side is very instructive, and some further discussion iz given
below. ; iy ‘
The serpentine complex, of multi-intrusion charz_wtfar, has invaded Middle
Palmozoic rocks, partly Devonian, and p.a;l'tly Carboniferous.
Present in the area are the follm?v‘mg s
(i) Burindi Series (Lower Carboniferous).
Basal conglomerate, cherts, mudstones,
occasional fossils. T .
i) Barraba Series (Upper Devonlan). ] _ -
e (‘;1'b0na.eeous mudstones and tuffs with odd pieces of Lepidodendron

australe.
iii) Tamworth Series. s
" f‘;m ts (often Radiolarian), tuffs, odd spilite l.ava-_s‘, bande,é,l clays:ones?
_'lelfll'nd conglomerates, sometimes sheam]cid lwiv;thd‘ anl:lge.:;1 5 1.z;truc ure ;
ok i i . dyke-like develop A
also jagpers in prominent bars or : .
The Ta-mwm-t]h geds do not oceur west of the Serpenltme B?i:g:l ar}ﬂ%azhﬁ
fact seté foi'th the cardinal feature of the mma%)%mb%m;fde}g u??ndi geries s
intrudos : ,one of discordance between barra d B on
ltllll)glgfft &agfiro’i‘lzgnfworth Series on the east. All three series have a constant
regional strike of N. 20-22° W.

tuffs and claystones with

(iv) (@) The Jasper Bars. . T T
worth Series (east OL | P . .
fe-ltugi']éri(;ug}?: L:)E'cgjger?egé%f dyke-like masses of jasper, frequently veined with
qiclﬂl'tz e Perit?ld 321‘%%2%%%2&115%%11%, and vary from about
four fTh?: ]al?’c]l;f iou gétfag?hlgg S’l Oyfeet, ag seen in one or two plailc‘es &fc?fnfi?ﬁ:s&rk
CO}]l kee ;‘I{;st-lv the bars are 10 to 15 feet wide, with fa;n‘ly iBn &ré) bor de‘,mid_ 2
A ee’[;he jaspérs are invariably strongly aind urzlg-éﬂ%g v 'llj]igd té oo
much determinative structure-pattern which ¢o e e
ailed te i¢ lution. In spite of this, however, wri
detailed tectonic evolutlon. Dp b i e

ini : resent, largely, the replacem: ountry
géﬁnilﬁ)]}tggfu?i]:gsr?fn:ﬂiea’a—nd il'(;n compounds. Actunally one good example

darra, where it could be demonstrated
was obtamed besmon S Reei&ﬁe%ﬁe stra’tiﬁed structure of the Tamworth

that the jasper had replaced and 1
s north and south 4-5°, but two or

rocks. !
The strike of the bars 18 amosinagﬁydirecﬁon were observed. Thus the

three notable departures from this gl e 0 B, N. 25° B,
following sirikes were recorded : N. 1 = wﬂ] LT
The tectonic implications of the jaspers
RASTERN ENVIBONMENT. ; .
¥ Tmrelative importance of the stress episodes in the

In order to appraise f;-het S eation of the igneous comples, the writer

emplacement and subsequen

B
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would draw attention to the contrast in teetonic environment of the areas
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 Hastern Zone, using this term for the country 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 approaches the
serpentine boundary, but they can be sorted out and analysed more or less
satisfactorily with recognition of the following groups :

(@) () 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.

(ii) A series of almost vertical dip joints (i.e. those striking in the
direction of dip). :

(i) and (i) indicate pressure from the east-north-east, i.e.
perpendicular to the regional strike.

OUNITE SERPENTINE
WITH ASBESTOS

‘5560‘0- TAPYWORTH EATnAT RS
SERIES SHEARED ”::f::“"’r SERPENTIrvE
AYROXENITE

E.N.E. SERPE M TINE DOLERITES BURImDI

TASPER,
P\.‘_ Dode .'rfsm = A
1500 = ) '\v ) i ‘ ‘ ﬂ 35
SR Y et
ABDUT 7 MILES >

GENERALISED SECTION ACROSS WOODS REEF AREA

=AY

Fig. 8.

(b) Several crush-zones parallel to the subsidiary serpentine belts and to

the main virgation, N. 30°E. These ar i ater
e S A :ﬂ’-ea tHeer it € connected with later

(¢) Almost vertical cognate fault-systems trendine 165° 7+
were connected with later phases of the diastro%hie cyél-i];fi =

(@) Fault-systems of steep character marked b :
‘ y the absen ar-
phenomena. These are due to stress-relief developed du(ifilngfp?;ieogs

of release fr th i - ;
(Figure 8). [ un compression which produced the folds

which

The Probable Origin and Tectonic Significance of the Jaspers
The jasper bars are due to the activity of medj ;
(hydrothermal) solutions containing silica and iron, v?fﬁ;cfiio
partly replaced the Tamworth Beds along parallel faults, mostly meridionall
orientated. The genetic relationships of the jaspers are not absolutelﬁ cle'u(- 7
It is suggested that the jaspers are intimately connected with th -
because there is no part of the serpentine belts known to the writ =
is found without the presence of the ultrabasic rock. One ob{%;-f

high temperature
have invaded and

erpentines,
here jasper
ation made

W SW.

STRUCTURE OF THE HUNTER-MANNING-MYALL PROVINCE 67

by the writer in the Barnard River Valley suggests that serpentine has invaded
rocks previously jasperized, but whether this is to be regarded as unusual in our
serpentine 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
invagion of silica may have been connected with the early intrusion of pyroxenite
(see below). Omne is inclined to the view that a mass of residual silica (with
considerable iron) may have existed ag a ‘“ light " fraction of the ultrabasie
magma, and that this quartzose material may have been tapped by the earliest
of the earth-movements, thus rising up and carrying out hydrothermal activity
(an action so commonly performed by siliceous and ferruginous solutions at
medium temperatures).

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

(1) There was little fracturing in the western block beyond the margin of
the serpentine belt.

(ii) The rocks, dominantly argillaceous and notably earbonaceous, were
not suitable for replacement or ‘* activation” by hydrothermal
solutions.

Coneerning (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 abundant silica for reconstitution of the sediments. Thisis a valid conception
whether the hydrothermal action were early or late in the igneous seqguence.

The tectonic implications, therefore, are that jaspers in this region are the
result of hydrothermal activity along fraectures in the block on the active side
of the fractured region, and that the clear-eut distribution and geometrical
details of the bars indicate fracturing in a period unmarked by torsion or shearing,
i.e. in the early part of the earth-movement cyecle.

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 associated 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 summary, we may note that the eastern tectonic environment points
to complexity of structural development, produced in more than one tectonic
episode. There hasg been direct compression giving rise to folding and fracturing
and associated stress-velief faults. There has also been the local operation of
horizontal shearing stress giving a typical 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
slightly later stress-relief faults.

The Bastern Zone shows that it has taken the brunt of the diastrophie
forces which assailed the area in Late Palwozoic 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 stresses affected the eastern block and ¢ schuppen ” structure was
gradually brought into existence. These * schuppen  are bounded by steep
faults.

The Lozenge-Pattern in Xenoliths in the Serpentine.
Throughout the serpentine belt there is plenty of evidence that rotational
stresses have operated about the time of the injection of the serpentine, and also




68 G. D. OSBORNE,

slichtly afterwards. Thus several masses of country rock and 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 pronounced crush with
scaly serpentine well developed at contact with country rock, and extending
into the igneous belt for varying distances up to 30 chains. The country rocks
on the western side of the igneous mass comprise the Burindi and Barraba
terrains. The former are found in a very narrow belt 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 oeccasionally it is very steep to the east, or often
vertical. The behaviour of the rocks and their geometrical features of fracturing,
ete., indicate that steep normal faulting with pronounced downthrow to the
west has operated.

3. TaE IGNEOUS ROCKS.

The igneous rocks of the area compurise :
(@) A strongly pyroxenic harzburgite, grading in places into pyroxenite.
(b) A more olivinic peridotite (sometimes almost a dunite). ‘
(¢) Dolerite and quartz-dolerite dykes in great numbers.
(d) Altered gabbro in restricted outcrops.
The order of intrusion is:

(i) Harzburgite (pyroxenite).

(ii) Dunitic rock. :
(iii) Gabbro.
(iv) Dolerite.

Deseriptive.
Harzburgites.

Variations can be traced where the typical harzburgite becomes almost 2
pyroxenite. Jointing is not marked but several major joints have produced
parallelepipeda of harzburg}te, especially where this rock is invaded by dunitic
types. The freshest material is obtainable from two places : 3

(i) Bg'(Jf;I}}lJ the searp and ridge which oceur some distance north-north-east
5} e main western edge of the serpentine, up ab he course of
Trotork Crogd , up ove the course o

(ii) £n Broadba’ek Creek, at a place a mile and a half north-east of

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

Dunitic Types.
The less pyroxenic rocks are not true dunites, but have consi ivi
> i d siderable olivine
Wh{ile enstgtlte i8 nu(ﬁ1 S0 pll'fnnn%nt a8 in the harzb,urgites. They vary agng(::;}hm,:
and sometimes co perhaps be called a dunite, but m. re a transiti
between dunite and harzburgite. ’ PSEY are . transition
They have intruded the harzburgites and then have s e :
: : : . ve suffered considerable
changes, chemical and physical. _ The areas of development are not as e.xtelllsive
a8 in the case of the harzburgites, but within the limits of their occurrence
considerable range of autometamorphic and other changes have taken place.

Gabbros.

The mede of occurrence is in small intrusions

1 ) ; of speckled rock, oft histose.
They are invariably deuterically altered with the de.velopment,of tf%};sgiléstgfﬁi
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decomposition products which, in an earlier generation, were referred to as
saussuritization. These alterations can be better described as

(i) Late Magmatie,

(ii) Dynamieal.

Dolerites. -

The tectonic pattern of the dolerites in association with the lozenge-shaped
pyroxenite masses is an outstanding geometrical feature of the Woods Reef
occurrence, and indieates an obvious genetic relationship. It appears that the
contributing teectonic circumstances were such as to facilitate the intrusion of
dolerite magma at a 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 build the discussion of the Intrusion History. This may now be summarized.
(i) Injection of harzburgite along the main quasi-vertical fault between
the Barraba-Burindi province and the Tamaworth province. Limited
autometamorphie change.

BURINDI
SERIES

Abovt /00 Fe. _;l

| i
=2 i
= : B i
T E L QB I //
Z"M e \')'/,,/_ /’;/,Q ' '@5,,';' b 5 //[j/, h\_ A
&— 3 (HS. ——&—— DL CHS. = T CHS: E ZE(HS. —
(E)) (b) (€) (ch

SECTION OF INTRUSIQN-ZONE AT BROADBECK CK.

Fig. 9.

(ii) Injection of dunitic rocks into the pyroxenie types and attack thereon
by solutions to give further serpentinization.

y Strong autometamorphic activity upon the dunitic rocks, with
selective development of antigoritic and serpophitic material from
olivine, and very limited amount of bastite from enstatite.

(iii) Injection of gabbros through minor tensional fractures and deuterie
action immediately upon these basic rocks—these events occurring
not long after (ii).

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

5. TecroNic EVOLUTION.
The following tectonic events have already been deseribed or mentioned
above in some way, and their ecoordination is now undertaken.
(@) Compression from the east-north-east during the Late Pal®ozoie
diastrophism folding the Middle Palzozoic rocks of the district.
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(b) Stress-relief and strong gravity (isostatic) faulting to produce, especially,
the master fault line (formerly ecalled 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
fault. Shear fractures along N. 20°W. and N. 25° E. were incipiently
developed.

{¢) Opening of magmatic episodes . . . Invasion of pyroxenic peridotite
during static conditions in the wupper crust producing unstressed
intrugion. A little autometamorphic alteration of olivine, but none
of enstatite.

(d) Invasion of dunitic rocks at a time when the tectonic conditions were
changing from alternation of compression and tension (due to simple
sub-crustal and isostatic controls) to conditions of Horizontal Shearing
Stress, due to the operation of a great couple associated with complex
sub-crustal drag. This, with . the incipient fractures (see above),
caused the beginning of the lozenge pattern in country rock margins
and the production of the virgation. '

(ALl of these features and the details deseribed above have been
arriw)ad 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 Belt.

In the second intrusion episode the dunitic rocks welled up on the
east and west of the harzburgite, as well as through it. Several small
dykes of dunite came up in subsidiary fractures (N. 25-30° E.) lying
to the east of the main belt. Crush effects and complex intrusive
contusious 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 produce tension-
fractures in an easterly direction.

(e

—

. In addition to the effects of the main shearing stresses the effect of the
inherent compressional forces was to give shear-fractures striking north-east
and Eou’r-h-east-, and these were due to the direction of easiest relief being vertical
at the time. '

STRUCTURAL HISTORY OF THE HUNTER-MANNING-MY ALL
PROVINCE.
Introductory.

_The geological map (Plate I11) displays the great concourse of struchural
entities that are ranged throughout the province. These have been examined
in detail and discussion, partly deseriptive, partly genetic, has been contributed
above. The course pf the Late Paleozoic diastrophism is now to be considered,
and the structural history presented from the results of the extensive researches
epitomized in this Monograph. )

Previous contributions by the writer and correlative and not : i

- g Al eworthy work

by I_%aggatt and Voisey, as well as the background of the cumulative dat}a from

earlier work, often by pioneers, have led to the moulding of views about fhe

Upper Palwozoic earth movements in the Hunter River and Manning River
districts. 2

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

STRUCTURE OF THE HUNTER-MANNING-MYALL PROVINCE. THe

Movement Prior to the Hunter-Bowen Orogeny.

In order to give a tectonic setting for the appreciation of the detailed
struetural evolution during Late Permian and post-Permian times, it will be
desirable to summarize the pre-Hunter-Bowen movements, of which there is a
considerable body of evidence. It is not possible within the scope of this
Monograph to trace the full story nor to give an account of the pal®ogeographical
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 question 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 paleogeography 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 would be attendant on the
Tabberabberan orogeny.

After the uplift due to folding and intrusion of the Middle Devonian (and
possible Lower Devonian) roof and wall rocks, the Tabberabberan batholiths
were eroded and eventually subsided. These were isostatic 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
between Upper Devonian and Lower Carboniferous, although in two places the
writer has found a slight erosional hiatus, as 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
Tournaisian 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 terrestrial, while others saw
an ogeillation between the two extremes. The detailed stratigraphical data are
not to be repeated here.

At the close of Visean time the present Province, in common with a large

region of eastern Australia, was affected by the Kanimbian orogeny. The effects

in this area were slight compared with the large-scale folding and igneous
injections in other parts of the State and Australia. The mild unconformity
between Visean (upper part of the Lower Carboniferous) strata and Lower
Kuttung (ovr Upper Burindi), which has been noted by Browne and Osborne in
various places is the expression of the Kanimbla influence. The best area to
see this strueture in the present province is throughout the belt of country
lying north of Clarencetown towards Alison and East Dung‘pg. Hei_‘e Lower
Kuttung toscanites are dipping east at 45°, while the overlying Glacial Stage
rocks are dipping in a slightly different direction at 23-2b°.

Slow sinking of the areas covered by Upper Kuttung Series went on, so
that over most of the Kuttung areas the subsidence did not overtake the effects
of the sedimentation, glacial, fluvioglacial and otherwise. In some areas,
however, the sea was able to make 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 confrolled by isostatic forces. 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 derived
from the personal mapping of the Provinee (including the Lochinvar Dome)
are summarized as follows :

(a) First Episode.

Movement about the end of Muree Stage time producing broad
folds in the Lochinvar and other areas, and initiating the synclinal
feature known as the Stroud-Gloucester Trough. Causal stresses
operated approximately in a westerly direction.

(b) Second Episode.

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

(e) 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 a new grain on the 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 general began early during this episode. '

(d) Fourth Episode. ;

Modification of the earlier stress conditions (episode (3)) by the
development of a strong rotational stress influence, due essentially
to the culmination ef action by a regional couple affecting most of the
province, and some country beyond it.

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

This was the culmination of the Late Paleozoic Orogeny.

We now examine the diastrophism in more detail.

The main trends imposed by episode (1) were essentially meridional with
some variations towards the north-north-east. Folds cognate with the Lochinvar
Dome in the Permian terrain were produced, as were also the Stroud-Gloucester
Trough and the many basins and anticlines of the Carboniferous Belt. Thus
we can cite the following structures as illustrations of that movement : Stroud-

Gloucester Trough, northern sector of Lochinvar Dome, Moonabung Basin,
Cranky Corner Basin. - '

Development of Stroud-Gloucester Trough.
The evolution of the Stroud Trough enters into our discussion here, for this
was the greatest of the early folds. e
The early condition was that of a simple syncline, possessing a variable
cross-section. Thus in the north the base was flat, winill)e near égtroud 113’(.10«:1-:1
there was a distinet ** V *° cross-section. Whether the plunging of the base of
the fold, partly southward and partly northward, was completed by the early
movement is not clear. We know that the pitch was accentuated at the north

end by the development of cross-faulting, but it is probable that earl rping
of the floor took place. ; LY WaT DINE
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The evidence of the chief marginal faults is that they were genetically
associated with the early epi-Upper Marine movements, because the paramount
fault of all, the Williams River Fault, does not transect the Upper Coal Measures.
Some of these faults appear to have undergone successive movements, as shown
by the evidence of smaller structures.

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

Intra-Graben Faults.

There may be some criticism of the use of the term * graben ® as an
alternative appellation for the Trough, but there is much in the present 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.

It would not seem appropriate to call the entity a ‘‘ syncline ”, since in
more than half of its length the margin and the central tract are bounded by
steep isostatic faults. Tt must be repeated, however, that the structure does
not show the full range of tectonic evolution peculiar to * grabens » or * rifts
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 can 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 at Medowie, to the
south, and continuously into the Newecastle Coalfield, indicates the
improbability of the Stroud Basin having limited, geographically, the
deposition of the coal strata.

(b) The absence of the Measures 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 Palzozoic
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
characterizes 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, Wh_l-ch
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 Episode. The meridional trend was sufficiently
well implanted on the region to withstand any noticeable mega-deformation,
and thus the folds produced by the Hunter Thrust episode began to adapt
themselves against the sides of the Stroud Structure. The manner in which
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the Girvan Anticline and Myall Syncline come together in a very complicated
territory at the head of the Myall and Waukivory Valleys is clearly displayed
by the map. Several faults with strike-slip character have developed in this
critical area, and some of the Myall Syneline is thrust over the attenuated apex
of the anticline. Further, the anticline has been able to spread outward in the
region of least confinement to the seuth, 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 counfry north of the
Gloucester Trough has been maintained by the development of great thrust
faults 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 much-perplexing problem of the structural relations and tectonic
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
strike-glip. 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 Faults). Others became cross-faults
and displaced the trough bodily along east-west fractures.

The weak 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 upen the Trough, we can feel confident that,
from the large amount of data available, the following conclusions are likely to
be valid. Thus the successive stress episodes within which the Trough was
assailed wrought the following effects :

(@) Mild meridional folding initiating the syncline.

(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 intensify the existing curvature of the
syncline, followed by a relaxation of the compression and the produection
of intra-graben faults. These were related to a variable longitudinal
sagging of sections of the Trough.

¥

(e) Impress of Episode 3 of Upper Pal®ozoic Diastrophism, with cross
fracturing of the Structure, and strike-slip movements along marginal
faults. At this time the associated anticlines were jammed against the
sides of the Trough, and their north-north-west trend-lines were deflected
along the sides of the Trough, and the coal measures crumpled.

(f) It is not clear whether the rotational stresses of Episode 4 of the

Diastrophism affected the Trough. Probably not, gince the tectonic
environment of this distriet is in confrast with that of the country
westward where the great couple 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
eye view of the whole area is that of a series of three great zones in north-west—
south-east alignment, and a fourth entity (the Stroud-Gloucester Structure)
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which breaks the eontinuity of the main trends in the greater portion of the area
(see Plate III and Figure 10).

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

(a) The first i3 the zone of fourteen synclinal and centroclinal units in the
great Kuttung Belt from the Liverpool Ranges to the coast at Port Stephens.
This range of basins is punctuated by alternating domal structures which
sometimes are absolutely complementary (tectonically and geometrically).
The modification of the zone from its early struetural 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 charactgnstle
patterns. This zone, which is dominated by synclinal characteristics, is the
southern 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
Carboniferous belts away to the north. % oo

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

(b)) The second zone is geanticlinal, and plunges to 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, which itself has been locally domed, due, I think, either to a 100&1
stress environment that closed the anticline or to the existence of some
foundational irregularity that has affected the folding. i

Succeeding the Timor Anticline in the south-eastward progress of this zone
comes the Beltrees Structure, which is a modified domal unit. The irregularity
hereabouts and the structural exoticism of the Moonan Syncline are _p_reblems
not yet properly solved, but the two possibilities of local cross-warping.or of
“ floor-influence » (see descriptive section above) are worthy of consideration.

After passing the anomalous Beltrees area, we pass into the grand feature
of the Gresford-Wallarobba Anticline. This has marked contrast of relatively
simple trend and freedom from fracturing in the _norfsh anﬁ_{ central parts, and
very complicated tectonic pattern and stress environment in the south, where
the broad nose of the anticline has been jammed a-gams_t the preexisting, well-
established, steep Stroud Trough. The greatest complexity on the lower Hunter
oceurs 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 was such that
its effects conld not be operative any further to the south-east. J

This geanticlinal zone is the continuation of the broad zone &d]aoept,' on
the edst, to the Werrie Bagin and its more northerly relatives. _The anticlinal
influence has been maintained by the persistent plunging of the Timor-Gresford
components, despite the intervention of the Moonan synclinal mﬂ}mnce. ;

(¢) The third zone embraces the country which structurally is clqsely hnke_d
up with the Manning areas, deseribed by Voisey. Thus the trend lines of this
third zone have changed from the dominant north-north-we.spsouth—southteast
direction to north-west—south-east, and the master fractures are West_--nﬂrt}}-w est—
east-south-eagt. In this alicnment comes the _Serp‘entmt_g intrusion of
Curricabakh, a continuation of the Peel line of intrusions deseribed by Benson.

The great break in structure 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 zone 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 Manning structural plan.
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PosT-PALAE0ZOIC MOVEMENTS IN RELATION T0 STRUCTURAL EVOLUTION :
POSITION OF THE BRUSHY HILL-MURBURUNDI FAULT.
' This Monograph aims at a full treatment of the Late Palzozoic Diastrophism,
but certain post-Paleozoic structures and movements are vital in the evolutionary

@ 2 2 o discussion.

= = = 1Y = The Brushy Hill Fault has been discussed to some extent above, and to (
/ / /e save space it must now be simply affirmed that its relationships with other faults 1
/i / i and its physiographieal influence do, in the opinion of the writer, establish it as |

f/ /{ a great normal or gravity fault, but with certain special features. One such i
flr / feature is that three main directions have contributed to facilitate its operation. !
i This operation has been essentially a downward movement of a great block |
f bounded by three large fractures, and one smaller, with directions thus :
\ (a) almost due east-west near Murrurundi, (b) more or less meridional from
Wy Brushy Hill to east of Blandford, (¢) N. 40° W. from Brushy Hill to Goorangoola
N Creek, and (d) 2 small zone running north-south. Of these the first, (a), is
5 \\} totally unrelated to any of the other directions in the Province.
\
/

-_
-
~
—
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My final view is that this great fault is to be regarded as the margin of a
block which has subsided during an epeirogenic period, the rocks on either side
i of the edge of the block 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 possibilities of more
than one movement along it), but its relations to the Tertiary basalts is obseured
by the fact that the pre-basaltic surface was not everywhere a level surtface that
can be taken as a physiographic and tectonic marker.

There is no 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 to
be closing-Pal®ozoic. Thus the Brushy Hill-Murrurundi Fault is different in
age from the Hunter Thrust. The Wingen Faulf is also pest-Hunter Thrust
and may be of the same age as the Brushy Hill fracture, or may even be a post-
basalt fault. The author inclines to the view that both the Brushy
Hill-Murrurundi Fault and the Wingen Fault are to be placed at the time of
the Maryburian Diastrophism of Queensland, as this was the only post-Pal@ozoic

! movement of magnitude sufficient to make it feasible for us to refer to it the
faults now being discussed.

Lot 32°33's.

’»

~
Fig. 10.—East-west Structure Sections,
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COMPARATIVE DISCUSSION.

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

Comparative studies with parts of Australia other than in N.8.W., and
=] with extra-Australian areas have been made by the author at intervals in his
7 research, but obviously there is not sufficient room in this work to do justice to

such a grand theme. A full account of the comparative aspects can be considered

-

Section due W-F through Murrurundi. Lat 3/%6's, Legend as on Map. ¢

Section due W-E through Muswellbrook Lat 32°6's.

Section due W-E through-Scone Lat 32°6's
Section due W-E through Singleton.
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/i Ve in a separate communication.
= However, some brief pertinent remarks may be given in the few paragraphs
= ‘__E that follow.
L c} ! ~ . 3 < . -
8 fg: E § % g ° 8 = The Place of the Hunter-Myall Province in the Upper Palwozoic Tectonics of
= Eastern Australia.

. The Late Palwozoic movements affected a broad strip of eountry stretching
from " the Lower Hunter Valley to the neighbourhood of Townsville, in
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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 orogen, and the
increasing tectonic complexity shown as one proceeds eastward and north-
eastward from the Lower Hunter area suggest that in the N.S.W. section of the
orogen (to say nothing of the Queensland section) we are dealing with the west
gside of a mobile belt which arose in a broad central zone out of the Tasman
Geosynecline in Carboniferous and Permian times. The eastern side of that belt
lay in the east of the Australia of that time.

In N.8.W. the core of the belt is the ancient New England massif with its
Silurian horst-like structures, stiffened by epi-Silurian and later (epi-Permian)
oranites. Considerable mobility in the crust must have attended the intrusion
of the large late-Permian batholiths.

Tracing the folds and fault systems from the Hunter-Manning region
northward beyond the Iiverpool Ranges, 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 Hunter-
Bowen movement in the more southern provinee. On northward inte
Queensland the tectonic environment is less complicated and the broad folding
and strong faulting present suggest the repeated operation of simple compression
from the east-north-east and north-east.

The western thrust lines prominent in N.5.W. are continued into Queensland,
but change from a marginal position to a more central location.

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

Comparison with Extra-Australian Areas.

In some geological circles it has been customary to regard the diastrophic
events of the Middle and Late Devonian as final phases (or echoes) of the
Caledonian Revolution (¢f. Umbgrove, 1947, p. 28). In the present discussion
we can place the Tabberabberan movements in such a chronological 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
and elsewhere that come under the general term Hercynian or 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 Pal@ozoic diastrophism.

The four possible diastrophic epochs with which correlation could be
conducted are:

Pfalzian.

Saalian (Appalachian).
Asturian.

Sudetic.

The most pronounced movement in the Australian Variscan would be the
Kanimblan, and this can be confidently correlated with the Sudetic. The fourfold
character of the Hunter-Bowen Orogeny in N.S.W. prompts a correlation with
some of the remaining three epochs given above, but in the light of present
knowledge one would counsel caution in this matter. It might be reasonable to
suggest, with some reservation, that the strong epi-Newcastle phase of
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deformation was coeval with the Saalian, although there is just the possibility
(not yet disposed of) that the correlation should be with the Pfalzian.

EPILOGUE.

This long account of the many structures in the Province 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 time
varied in intensity and dirvection, being sometimes orogenically, sometimes
isostatically (epeirogenically) controlled. In between the episodes of the
Hunter-Bowen movements there was no doubt some erosion, but it was between
the final phases of that 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 gigantie basaltic lava
fields with associated sheets and sills of dolerite (mostly alkaline) had been
developed prior to that erosion. The final structural experiences of the Province
were of the nature 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 structures built out of a wide series
of terrains by successive stress episodes in post-Devonian times.
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