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DEFOSITIGHAL SIRUCTURES IN THE CARWARVON BAFIN
WESTERH ACSTRALIA
E by M, ﬁ.jCondon 75{
| 'In-the ﬁpper'Psleeozoic sequence of the Carnarvon iy
Basin of Western AuStralia, the-major ;tructure is cantrolled:
by the shape of the surface or the Precanbrien basemen* on |
, which the sediments were deposited. This surface has utrwng |
relief including asymmetrical ridges. The sediments were. de-ﬁ:
posited mainly perallel to the gentler slopes and ebutting the
“steeper sbpes. where the thickness of sedirents is greater
E then the oribinal relief plus contemporaneous sag younger sedia
" ments abut the angle of rest slope of the older =ediments deposit-
_ied on the gentler slope of . an asymmetrical ridge. This relation-
. ship is one kihd of depoeitinnel unconfbrmity. Criteria fbr rec- e
;'ognizing the feeture and for distinguishing it from a fault are ‘

'.given,_f;ii

. tures ‘are.
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Y In the coursﬂéﬁ_'“' ‘éeéiogir“t’aﬁa\geophysical~

N

| survey of the Carnarvon Ba°ineof Western Australia (Fig. 1), my '

: inturpretation of the structural history of the baﬂin changed, be-

e cause of the weight of evidence from the conventional tectonic

{ * I
P v e T T

to epeirogenic and depositional ' In the Cape Range inticline oy i
: (Locality 1. Fig. 1), tangential stress in the sediments vas :

l-‘regarded as incompetent to produce a ﬁﬂd of the required dimen-»
sions; possible modes of origin indhded differential compaction,;i

; :25;\$$e\iikei? effeqts ef‘tangentisl stress on Eggb~struc-ij;:f5;;ﬁ

deposition ovér pre-existing hills and vertical movement above a ﬁﬁzjfﬁgﬁ

) thrust wedge in the basenent (Condon et al., 1953, 34). At

that time the thrust wedge origin was preferred "In the outcrop
: erea of Palaecozoic sediments contacts between Precambrian base=~ }
" ment and Palseozoic seoiments were nepped ns unconfbrmities where '

| ‘they ‘are gently dipping and es faults where they are steep. :
'k Contacts with stratigraphical discontinuity within the Pélae>zoic

iy 105
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[ u. A, Condon | o .~ . bepesitlomal Structures .

B R

sequence were mapped as faults (Condon, 1954 b, 1955), although

k= 7 1t was realized that their: structure qu anomalous, The pos- B
sibility of upthrust blocks of basement carrying the sediments

- . was considered to explain most but not all, the anomalies. As’

T
Se T e ST
ACTONIZE e r R e L B AR S

- the survey progressed, this explanation became untenabla, and it ’
t " was realized that all the major structures ‘and most of the mimr

' ones wered&positional structures over a haqoment of marked relief,

Several types oi‘ structures, rarely, if ever reported in the . ht
" 1iterature have been s tudied and as they are likely to be of more .'
t than local interest they are described in scme detail, \ _ | _A

- My thanks are due to the many colleagues who discuSsed e
these 1deas with me and forced me to search for indu’bitahle evid- : |

- ence of the festures; in particular Dr, R. e L!cm*ae of West

TR T
i

| r Australian Petroleun Company. 2 € 8 8 L T )

'~ The Carnarvon Basin 1s a large epi-continental area

.
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of Palaeozoic and later sedimentation in which there is a max-

,_ * ioum actual thickness of sediments of about 30, 000 feet (based

Y

- on drilling, seismic and gravity reoults). The max:lmum thidenesses -

U f et formations (Fig. 2) add up to .about 40,000 feet, *
e oxuterop patlierm, wiih oller E‘o*uat‘.om'. gemerally
towsrds the east and. younger formations towards the west, suggests

g, regionsal homocliue but drilling, and gravity and seisailc survey., ™

—  STERE L T C D ORI
e =5

(Chamberlain, Dooley and Vale, 1954) show the structure to be much g3

. ¥ -less simple, The nain basin is hrokeu up into several emaller
o B basins separated by bacement ridges,- These basement ridges and the g
minor basins are shown and named in Fig. h The basins have down—l-:.. 1

‘Warped during deposition S0 that the sedimem.s were deposited

nsinly . in shallow to moderately deep water.. . F-

. : Only on the north end of' the "Carrandibby Ridge"™ and

- .":,;""-:_'the south end of the "Weedarra Ridge" can anticlinal structure be
£ demonstrated in the seuiments overlying the ridges, although it is E

l' almost ‘certainly developed over most of them.

S . .The general structural pattern of the eastern basins

R mainly north..south even where, 4n the north, the regional

‘A.. _‘3.,..
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Q(nraper,\1930, cited in Twenhofel, 1932, p.604), snd thit fine-

-3

. r strike 15 north-north-wewt The main structural features are ce
= relatively long narrow synclines bounded by unconfbrmities

’ _ -In the "Gascoyne Basin" the only structures visible

' on the surface are the north-south anticlimes in Tertiary and |
ol Cretaceous eediments resr the‘coastw(Cendon;et-al,-1953, ;Condon;
,1954-a; Cendon;-l954-b; Ceedon et 51 '1956)§- These‘anticlines
; are almost certainly depositional and recent drilling in the.

Cape Range by west &ustralian Petroleum Ltd indicates that the

f, The Giréﬁa Anticline on the other hand is almost certainly draped
; . over a surfece eroded in Permian sediments LChamberlain et al
. 19%, plate 3. |

R pgeit;ongl 219'

It is commonly assumed that sedimentary strata were

7[ originally horizontal although 1t has boen shown that sands -

deposit from quiet water with angles of rest from 33° 10 43°

grained sediments have deposited on presentaday slo;ﬁs as steep

‘.as 180 (Emery and Terrj, 195 6). Ebrizontal bedding is, rather,

| one limiting case; the eaximum angle of rest of sediment is the

-~ other,
s -t /

' supply of. sediment; the nature and kinetic energy of the fluld

1% | enyironment; and the agount of re-working after initial deposition. o

{3ﬁ35 % . The slope of the fioor determines the maximum possible -

f Lt 1nitial éip; this appliea even to forescts, the floors of which |

b

i s ere the older foresets or the irregularity that ‘started them,

! AT J
. aFeeti .
N A3
piw TAN -
i ‘!.?

%ggm@: of rest than fine-grained-“ the range seens to be from about 450

"In water, coarse-grained sedimcnts have a steeper angle

: ,fuunerals.- Heavy clay settles very slowly and traps_largelamounts

\f'i.§0feater'so that the eedimegtﬁes daposited tends to behave as a

M, &, Condon . . | ‘Depositional StrhctureéA.'

surface over which that structure 13 draped is probably quite shal- A

" low - possibly a surface eroded 1n the Eocene and older sedimentso :

: The dip of sedimentury strata as deposited is depeneent R o1
sk j on the qlope of the floor; the type of sediment; the rate of

&r graded angular or subangular sand to almost horizontal fbr cley i:

R
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ﬂ‘Depositional Stgudfures

f£luid, However, clay will settle and remain on sIOpes of up to

300 (Twenhofel 1932, p.605) probnhly'wneme there is free draine
o age frem the olayo

sediments zn the Pebbe of Eoistura betheen
liquid limit and plastic limit (Puri 1949, p.342) nay move (1n

" the manner of a mud flow) down slopes of eny Steepness and, by
" reduction of moisture content or lessening of slope, come to rest

‘ on "those slopes,

E .

The rate of supply of sediment affects the competence'
of the £1uid environment to act on,the sediment either before or

' gfter 1nitial deposition.

Any movement of the fluid in which deposition is tek-
ing place lessens the angla of rest, On the other hand movement

of the fluid slows or may even prevent the sattling of the finer-'

o grained particles (silt and clay).-

In order for re-working to be effective the deposited
sediment must be acted on by fluid sufficien‘ly turbulent to re-

disperse it, In stgnding water, the only places where this is

ﬁ'likely are in the area of breaking waves and beneath a density current
1 In such a fluid environment the final depopitional dip sbould e

. close to horizontal.

.‘_\ "

In the Carnarvon Busin, evidence of staep depositional

At the south end of‘Hoogooree Station, near

,??Howells Bore (Loc. 13 Fig.1l) and also one mile west and three 01198

',?west-nortthﬁ?t Qf that bore,_phe hasal,sandstone of the Peraian

;Q';Lyons Group dips-at 25° to 330
- Devonien dips at 300 to 409

;F The underlying Carboniferbus and

itilting was post-Permien; but in this seme area the Lyons Group

laps horizontally over the steeply.dipping Devonian, indicating

that the Devonian hed been tilted and eroded before the Lyons Group

7Was deposited on the erosion surfbce wh_ch included flat areas. and

Steep dip slopes, Six niles south-west of Ar thur River uoolshed
(loc, 7), the unconformi ty between the Pe”mian nyons Group 2nd the

I%ecambrian is well expoqed The unconformity has a relief of -  -

400 feet and inclndes slopes of ahout 30° on one side of asymmet- “;}

At first it was thought that the main'

The Lyons Gronp strata are parallel to the gentler
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: ' slopes (with dips up to 22°) but abut or overlap on the steeper [
', slop\.s vsdth dips 1n the same direction as the slope of only '
5° to 10° (Fig. 3)._ Similar vx_'alationsh.ps_on a bigger scale arc %
& seen 2 miles east ot_Coqrc’fegandy._ﬁome_:ajzqu (Fig. 4):“_ \‘ v
! - : | ! . Obscurca . P 1 I %
;;"' [ T TN
] precambrian  gneiss . : ' 1
] g . | - : Seale s Thoutand Feoti E ¢ h
T I 7 - 2
- Figure 3. c_tion showing relationship between Permisn L}oﬁé:_
h Group and mature surface of Precambrian at Locality 7, ha :
Fig.' 1. i S
o R Abutnent un confornity B
: ' Where the slo;:e of the floor 1s steeper than the angl@ ‘
’ L of rest of the sediments, the strata will Iorm at an angle to the - '
e fioor. Where that'81ope 1s gentle, the common overlap unconform- ;
’L ity develops but, where the slope 1s steep, an "abutment uncon- t
tormity" develops, Any division between the two must be somewhat _ N;
arbitrary, but if the angle between tho younger strata and tha .
N . surface of unconforuity 1is more ‘than about 10° it nay be regarded
Tt wman abutment unconformity, where this angle 13 m°r° than Po
e | there is® no doubt. As the ‘bedding tends to i‘un up the unconformity, i
. | these angles refer 5 the persistent dip, not the dip Of 3HY minor
. turn-up near the unconformity. - LA |
f': AN The unconformities against the steep slopes shown in
= ’ ‘ Flgures 3 and 4 are abutment unconformitie*: ~ The contract between
: NJ the Precanbrisn and Permian on tha south.eastern side of Carran-
“f:.'_ '} @idby Renge 1s an sbutment’ unconfomitY wh.‘Lch 13 still "egarded
0 es g fault by some workers. e e o gl
tli ) This feature, the "ﬁadeline Unconformity" (Loc. 7 ) is
.| over 4o niles" long, and trends north-eaet It is in contBCt W“h
}‘ i the Precambrian for 12 niles; m th:ls 1emzth ‘the trace of the -
L7 | wntact 1s strelght in'a general v-*ay but quite trregular in detaﬂ;
i‘ht - l the irregularities are «inuons ‘not angular, and are not merely the :
( ; trace of th& .'mtersection c,f a plane ﬁith a dissected surface., f
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Figure 4 Hap showing unconformity between Permian I.yons Group
(PsL) and Precambrian schist (p6). Locality 10, Fig. 1.

The smaller re-entrants towards the Precambrian sre tip to 600 feet.

deep (in plan, from the line 'joining the adjoining salients).

 Larger sinuosities have an amplitude (in plan) of 1100 to
2700, feet, Neasurements of the dip of the contact are few;

hetween 30° and 420, At the contact the strata are nearly par-y
allel to the contact for a short distance but in less than D

yerds the dip of the strata flattens to about 159, . ¢ Further out o
the dip may gradually flatten, or reverse to forn a S.Jrncline fol-': -,
loved by an enticline, Observation of the unconformity in a good . = i~
exposure three miles south-éés_t of aéunt madeline.showed that it

dips at 30° to the s'outh-cast,' this surface of the Precambrién,'

underlying the Permian, 1s underlain by a soil prc:ﬁle - weathered

rock, suben soil and terra rossa surface. At ﬁhie place the
overlying Permian strata are. parallel to t!:xe uncomformity for a

Shor ¢ distance. No very steep contact has been seen along this

- lUne although steep &ips (up to 67°) in the Permian sediments sone

. ¢istence from the contact sug zest a ateepex.-,oontact at shallow

“Pth in some places.. within a mile of the cohtact the Permian
{2 variously homoclinal (d1pping east), synclinal or anticlinal.

j; In at least one place, 13 mile south west of Hte Hadeline (Ioc. 9),
@ anticlinal sxis meets the contact at one of the salients in tho

i
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‘I (under the sediments) at 30°.

sharp discordance (nore than mo) between the dip of the uncon £o mity
and the dip of the overly:ingstrata, I e oF

 trace.

precanbrian and Permian, nine miles east of Lyons River Homestead

" (loc. 6).

: anticlilnes «

‘; ~overlap unconformity, into ar; ‘"angle of rest" nnconfornity or into

ol ovgrlap unconformitiess

] especially close. to the contact'

at the contact°

¥, A. Condon Depositional structures

The trend of the _"'Madellne Uoconformity" is Cl.ose to the
trend of the foligtion 1n the Precaobrian echist as "ie the elong-
ation of tho ranges drainage on the range 15 across tho foliation |
but is probably superimposed ' '

Many siniler features are shovm by the contact between

This contact is 15 miles long and continues at either

end a8 a Permian-Permian__ conta'ct (older formations against younger), - .
Along this contact the unconformity is not so clearly exposed, but - -

the trace can be mapped and as. there is reasonable relief along 1

(about 100 feet) the shape of the surface can be cetermined a

short sect:lon surveyed 1nd1cated a surface sloping to the east o

This surface may be seen by looking

along the trace towards one of the high points along 1t " The struc. o
ture in the Permian nearby is mainly sync]inal with some 8mall
The synclines are mainly bas In—shaped. ‘f

s "he main characteristics of the ahutment unconformity
m'e, i ths unconfornity dips at more than 160, away from the older
rocks, locelly it may be very steep, ' - e
ii, et the contact the younger sedimentary strata tend

to run up the unconform:lty but, epart from this eff’ect ‘there is a

iii, along its length the contact may pass into a normal

;. folds

1v. slump:lng (contortion and slumped bloclm) is commog,j%;;,

v, ﬂne-grained beds pinch out towards the uncont‘ormitv.
The following characteristics ere shered with normal

vi the surface and'trace am i*regular, et Ry

: vii. a soil or rubble of the older rock may be pr’esent

i T

viii i’ragments of the oléer rock may be found in the .
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. Definitions .

Depositional Struetures

“yuunger'sediméntss . ;
ix. the younger sediments fnay be found filling

joiat crncks ennd erosion chennels in the older rocks;
%, goynclines snd snticlines of irrogular shape

| mey be developea in the younger sediments close to the comtszcty -

xi; there may be minde silicificetion, ferrugine-
ization, slickensidlng end transverse fnulting caused by -
compaction or slump sliding of the sediments om tbe unconformity; & -

xii, 2ll these fentures may be modiiied by subsequent'g”
tectonic activity (faulting, folding, intrusion, wetnmorphzsm). o

nepositionnl Unconformity sePﬂT“*‘“g
A depositionsl unconformity is a surface, separtaing
younger from older strats with structuzal »nd strstigrephic

discontinuity, which is formed by processes of sediment deposition.

BExemples of this type of unconformity include
the surface betveen a biohermel reef end later sediments, thet

- betveen » sudbmarine bsnk and later, flat-lying, sediments, that

between a volcanic cone and later sedlment99 and the “"angle of- rest"
unconformity Unconformities formed by fatilting or foldmo during
sedinentation ore partly of this type; a8 no ﬂrosion tokes place
at the unconformity¢ _

| : The only type of depmsitional unconformity :
observed in the Carnarvon Basin is the "angle of rest” mnconformitys |

i'

"ANGLE OF REST® UNCONFORMITY

Definition: An 2 sngle of rest” unconformity is & surface,

Oriwiﬂating o8 an ' engle of rest slope in the older sediments;

between younger snd older s%fatn, scpar@ting tham with structursl

- and stratigrophic discontinuity.

'An pngle of rest alope is the slope st wvhich
sediment wzll stend without laterel supyort. '

Descrivtionz- In the Carmarvon Besin, where Yengle of rest®

unconformities are vell developed but genmerally not well dissected -

and exposed, they hsve the following chsracterist*cgz -
i. In plan, there is n line scparating stratigraphicslly

different parts of the same major sedimentary sequence (Fig. 5)J . |

In the regional mepping, this was regarded st first s indubitsble |

evidence of faulting; the atratigraphic break. witnin the Permian@

is as mich 58 1000 feat._ et :

RS S .
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places extremely so (Fig.S) The irregularity is sinuous,
angular.

ii. The trace of. tha unconfbrmity is 1rregular, in

not

It was thngght to be a. re sult of minor cross-faulting

but the extension of these cross trends into the adjoining strata
is extremely rare. - '

ii1, Unconfbrmities in some place° are roughly parallel

' but in a few places they form a dendritic pattern.

SCALE?- Miles

\0 - : 4

|

!

( tia ) 3 \ 4 or N g ’ A AN ¢ . '

h § B 7 R i

12,000 : [

T S Formation bpundar' :
— Angulzr unconformity Y
nm— Deposutnonal I

K uncon For'mufy ) ‘ .

® \ Errotto blocks ik

.\‘. L - e
Figure S.x Plan of nart of the Carnarvon Bacin (Loc. 4, fig. l)

~ showing éepositional unconfbrmities. 3C - Precambrian,l

"D - Devonian, C. - Carboniferous PsL = Permian Lyons Group,

Lcwer case ;atters - Permian formations K - Cretaceous,"
T Tertlary. . ; v . ; " ._;

inized or siliczfied

hY

ewgy from the nnconformity, on either side (Fig., 5 & 6). Region- -
ally the strata form shallow synclines between the uncomfbrmities.‘fl

the secinents (such as jointing, drag-folda, cleavage)

iv.

"v.'

vi

vii.

Individual aeds ‘near the unconformity are ferrug-

& ‘»

Commonly, but not invariably, the strata dip

There are. very few signs of tangentia] stress 1n

In a few places, large blocks of older strata:

are found in younger strata on the younger side of the unconformity,

Mamples 1nclude Wooremel bgnostone in Bulgadoo Shale, 22 chains

Depositional Structures
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¥. A.- Condon ~Depositional Struétures

eaqt-south-east of Curdsmmuda Well, Minilya River, ané limestone of
Callytharra Formation, p“obably 1n Coolkilya Graywacke, two miles

" north of Curdamuda Well (Ioc. 3).

viii ~In the few places where the unconformity can be
mapped in the vertical éimension, it dips at a low. angle (about 300)

- towards the younger side of the contact (Flg. 6).

L ix. The thicknevs of formauinns is related to the
position in the syncline Adeauate measured sections fully to:
demonstrate this gre not available’ but 1t 1is inuicated by the

regionally unusual thickness of some formations measured id tbe_
"axial region, by variation of outcrop width of formations not re-
lated to dip variatinn, and by sbsence of part or the whole of some  ;

" formations on the older side near the unconforni ty..

X. The syncline is commonly asymmetrical in both dip

and length of flanks; the shorter, steeper flank is commonly

very irregular in dip;. the axidﬁjéiane éips (towards the ga tler
flank) at a low sngle roughly péfallel to the unconformity (Fig.6)

this, of course, is contrary to the relationship in 2 tectonic

. ssyametrical syncline ahere the axial plane dips towards the N

steeper flank

¢ The' unconforaity may pass along its lexgth into

a monoclinal or antlclinal 'old and disuppear compietely in this
these unconformities resemble fau’ts. o , ." f;f=.  o
'xii. The ”angle of revt";unconformity nay pass along
its length and af depth into. an abutment urconformity- _____

. '. .
; 4.
L .
N i .
Deposnbmnal i ) " gg | : ,{
unconformity Axial plane 3 e
Pa :
carp : !
. in old surface- b s
|

Plgure 6,” Diagr mmatic ‘section at fxatural sc;al'*‘of 3000 feet to
one inch showing typical geometry of. anglo of reqt unconform-1
1tY, and possibile nature of underlying rockq. A

It uill be seen from the above ‘that the "angle of reqt"'
u

V:monformity has many - featLres 1n comnon with an ébutment unc:nform-;'

AR A E T Nt e e o i
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ity;" the main difference 1s ivz the na u're‘of the underlying rocks -

and of the surface, . Rl ek Y o i

v &y -
it s S
OO S AFINT AN SLER TR

Ooripgin: The floor of the basin, consiéting of hard Precanbrian
schist and gneiss, is known to have a tcpographic relief of at . |
legst 400 feet, This curface on tbe Precanbkrian rocks i.= commonly -

asyzmetrical in profile, 'vith a gentle western slope and a steep

Th Sl e TS e L Y e i

~eastern scarp. Strata overlie ..he gentle bpec with bedﬁing par-"
allel to the unconforaity, even where the slope is about 200,
Strata sbut the scarp slopes, where jbhey are steeper thsn about |

R TR A
R P, NP G R Ry

3 -
S
. . . 0
BT A e e SR 2 CRTNTR e :

« k ' . The relationships at-the‘ fop of the écarp have not' 'been-. |
| observed but 4t is possible that at the intersection of the top

- Tan
4} i

of a scarp with the upper part of a’ gentle slope, an mngle of reqt E

I slope would develop in the sediments deposlting on the gentle slope.- ; "

Sediﬁént falling on the scarp”’would slide douwn the 'scar'p to the n
valley (or to a gentle slope in the same &irection s thus tending o

=

to fi1l up the re-entrant betwec—n the scarp and the gentle slope -
relatively quickly, ' 4 : .

‘.." )

~ "\\ When the original re-en’crant 1s £illed to the top of

: g i Je .
L Sl -

.the scarp, deposition will continue against the angle of rest slopa
of the earlier deposited sed¢iment, This com‘.a‘.t is’ an "angle of rest®
unconformity, end will persiét until the_ infilling of thg _rq-entrant I
. elininates the relief at the contact. P Fe MR S
. ‘l'he engle of rest °].ope ‘developzd in 2 ﬁequence of sedi- :
zents of varyinf’ type will be the steepeet poqsible in the range of B
se¢iments and conditions- if a sediment “ormirg a lo*" ;ngle of rest
is followed at any 1ater time by one i‘orminz a relatively steeper
tlope, this 1ater sediment wiil 6eposit on the gentler slope and.

- build 1t uwp to its own angle of rest (Fig.' 7). Tals applies also

v AT the variation in angle of rest is producPd by veriation in. . 3

-+ Ynetic energy of the water. ;"j-“"" o

In the field, sn "angle of rest® uncomormity may be
Mstaken for a fault becatse of the strati vrac‘nic and structural
mcon*innity at the contact. *able 1 compares the erit eria for

r‘3°f’zrxiz:¥.ng a fault and an “an:e'le of rest“ unconforx:.ity md indicates SR

RN TR ""-'
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; 1mportant implications 1nzrelation to petroleum accamulation, As

D ?must be assosseé with this in mlnd
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| how they mey bé diqtiﬁgu‘shed' ﬁovement ﬁarhaVe“takeﬁ'place in."
the younger'seaimentf, as they compacted‘

movemenu may lead the obnerver to rcgerd the feature as a fault

;pnle 5s, 1t is exemined yery. Carufully,

R a1 0 a & Gil e . fi el PR

Figure 7. Dlagramzatic section s m of éepos:

Liagramﬁatic section showing form of depoeits from

'«LL._;-_'._J_. P = N

suspension in s ¢111 wate:'on sloping {loors a. Haterial

" deposited directly; b, Material mqved'fromisteep slorm.

c. Angle of rest o; sand

3

d. ‘angle of rest of fine seodi-
m@ntu 4 .

"he "angle of rest® unconformity has several very.

.-Qulat;on, in s sequence containing “anple of restn unconfbrmities,_*‘

"The scd‘merts éeposited on |
the gentle aleG srG open at the up-dip end until covered by the
filling of the re-cntrant;

1-a8, during this perlod they are still

afa 'under water, beds are most unlikely to be sezled by the heavy

. | fractions of petroleua;

the mein possibility of conserving oil -

: | generated there is instratigraphic or structural traps developed

during deposition. These trap‘1aré very likely to develop°l the

L  up-dip end of the gentla slope is in.relatively shallow water'
then the water is shel low enoubh to cause Wave bresk, sediment will

vbe ¢leaned at the up-oip end of the siope and-moved down-slope and

may fora a ‘lens sealed by late" ‘sediment (pig. 8.a)s minor irreg- o

ularit‘es in the original surface will be reflected in depositional _

L RS 3
LT g 3 OV

'ﬂnd evidence bf;this“ g B

it is an original structure, the pocclhilitieo of PetrOIQum.accum-‘::“ﬂ
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ridge is above tha edgé of ‘the-s'carp a-dé;:oéitiona_l anticline

. may develop at the 'up-_fdip.ehci of the gentle siope (Fig. 8,b);- ‘

” Traps may be formed 4n :'thé_younger '.sediménts:. sgainst the unconform-

| ity bjr_pi.nchout, or by cappilngj'by. contiguity of impermeeble beds on :

” either side of the unconformity, When the re-entrant is filleqd,

tf the engle-of-rest unconformity p'ass.es up into 2 depositionai_ anti-'. 4
' ° cline which offers the best conditions for ent_fapmexit of anjr oil 1:

formed in the sequence, #reas of dreinage tend to be more restrict-

; ed than in normally bedded sediments, but for the Saﬁe”reason 'th'axj_e

1s the possibility of more:wiées'pre,a.d 'acc_umula_tions. | |
-

E Figure 8. UDiagrammatic sections showing pos*sibllides of oil

X r | é'c'cxr.:ulations e stratigr-phic trap. b. structural trgp. ‘
c. No. t"ep, oil escaping. ' ' = | |
iy * .Ig___m_z.j____ The stratigr.aphic position c»f the surface i'rom
Prn EQ_' which the "angle or ?est" unconformity develc'ped may o estimated
i, ._.__;"' if the general stratdgraphic sequence including angular and reg-
e lonal unconformities, is knovm. N, e ",

o ' Where the stratigraphic éiscontinuity is small, tna _
o originating ew‘acﬂ aill be shallow if the syncline in the younger
T sedinents is narrow and the structural discontinuity is sharp, but
l. deep if the syncline ds w:lde and the structural aiscontinnity minor. RS
nere the stratigranhic discontinuity is large, the , | .
n. o relief on tho originatinb surface rmst be lnrge a.aco. . .I:""om the m h
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‘:"distancn from contact to synclinal axis in the younger

. in the same direction..

sio" Flgure 9.’

evidence avalilable in outcro;; aﬂdﬂ?fom 1*6 saiwmIC'ﬁections in the
Fitz*ﬁy Bs=in, thc vertICal dcpth to the floor of the re-entrant in
tre originating surface may be between one snad t:o times the horiz-
ontal distance between the angle of rest unconformity and the axis'

of the syncline in the younger seqimenus.- Hnowledge of the sequence

cah then usually dééide where the originating su?fuce isviikely to
bé, Scarps in cuesta-type tooogreph" rarely eyCﬂed 1C00 feet in

relief; resistant dykes in soft country rock may produce relief of

more than lOOOeret, and fault or faultgline'scgrps angy be several

thousand feet high.

At the not th ead of the KEnnedy Range (Fig. 5), the
horizontal distances from contact to syncline fall into two groups,

one from 500 to 1000 feet ?nd tnc o+her

"om 8C00 to- 9000 feet, It

- seems likexy that the first grnup 1° related to an unconformity

below the Kennedv Group ana the second to onec beloa the Devonian,
There is little ¢iffercnce in the st"atigraph‘c oiscontinuities _
across. these contacts, althﬁuvh the nar«oa vyn»lines show qJ.ightly

b

more structural di«continuity +han the mider ones.

T

' The conclusion that the basement forms the originating

surface can commonly be checkpd by a gravity survey, which ﬁhould

show a p0°itive gravity anomaly along a ?.ne two to four ﬁimes the
sediments and
This seemd to be eo in the wanﬁagee ﬁill area

on therabsis of a single gravity traverse (Fig. 9).:

i 43
" . . Créviky: R )
% Profile. = = 17
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uravity prozile across Angle of Rest Unconformity,

' &andagee Bill shoming probable Easanent profile.
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' Theré ere three groups qf énticlinés in the-Carnarvon
pasin probably formed by Cepositien ever pre-ezisting hille. The
first group comprises the_rclaﬁiéely small geherally dome-shapaed
enticlines in-Palaeozoic sediments associated with basin,shaped'
synclines clocse to abubment and anglé of r§st unconfofmities.

The second group comprise very lerge and smaller anticlines in
yesozolc and Tertlary sediments near the present coast. The |
third group,'not so well establiéhcd, but possibly as Important as

the second, consists of the anticlines formed in Palagozoie sediments

over the large ridges of precanbrian rock separating the minor basins. fii

© EFFECT O TAIGENTIAL STRE

Although there is no evidence in the Cararvon Basin
of the sediments having undergone tengential stress, i% is of some
interest to examine the possible effect of tangentﬂal gtrese of

structures such as those described sbove.
vnere a sequence with such structures 1s subjected to
tangeatial siress in tizl sfructural irregularities ané¢ the uncon-

fbrmities provide very weak pla»es at which movement would occur.

v § Faulting and folding is liLely to occur under much weaker<tress

The location andé &i ection;of fhe'initigl faults and

.| folds would be the same as those of the depositional structures,
el regardless of-direction of the stress, In the very large deposition-
al anticlines folds would develop at the monoclines on esch flank

and possibly at the.cresﬁ- it is mechanically impossible to increase

- | the smplitude of these large folds by compressional stresse The
‘ .
¢ saaller folds would continue to fold and the anticlines would develop

-1 from tnem into the unfolded sediments at each end.

Faults would develop along the angle of rest unconform-

1+ieg and abutment unconformities, the younger eediments being thrust

‘up over the older, initially. Treust drag might develop. In the

{Oarly stﬂgeq 4t would be possible to nave indubitable evidence of.

thpuct faulting in one direction, but stretigraphic "tiroul in the

other. The “anomalous® regional structure would remain, with sone

i | TR Tede e oo Y iy o
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deepening of the.sjnclines. where the fauit passed out into sedi-
ments not broken by en unconformity, the trend woulé te more éir- )
ee%iy controlled by the ﬁtregs ayaeem, nd vweuld poddbly be |
different from the trend of the faulted unconformity. The surflace

of unconforrity would be modified towards a plane: narked chénge ‘

in direction would lead to the devélopment'of two plsnes near to the-:'

shear planes of the stress systenm, -
dpaert from the features on and near fthe faulted uncon- -
formity, the regionsl features would be largely anchanged end would
allow the recognition of the original structure.
The structure of the synclines should tend towards that

produced in normally bedded sediments, but only after severe com-

. pression would the Cepositionzl syncline be onpletely masked,

Stratigraphic pinch-outs or original changes of dip would favour
development of snticlines on the gently dipping flank of the syn-

¢lines,

After severe folding end faulting, these original struc-

: vtures could be recognized by detailed isopach patierns - regular

thinning towards the faults, thickening in the synclines, variations,

in lithology related to isopach features; thinning or absence of

formations over anticlines~% anomalous stratigraphic throw on thrust

faults, The larger depositional synclines and anticlines nay develop
into cynclinoria and anticlinoria - the depositional features Eﬂl

ke related .to these anﬁ po» to the smaller, tectonic, folds; d&epos=— . -

i1tional structures will cause anemalous trends in the tectonic

structures.
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cazr RIA FOR RECOGNIZING
"ANGLE OF REST™ UECONF“RJI”ILQ‘

:.r_.azs_n_a_;;

ARD TIQTIHGUIuHIWG FAULTS FROH

FEATURE

FAULT

. UNCOKFORMITY |

Stratigraphic
éiscontinuity

Tface of
contact

Sequence snd thickness
(of the szme psrt of
succession) similar on
éither side.

Generally straight, or
mace up of straigh%
parts; low=-zngle fault
has trace procduced by

intersection of virtual -

" plane snd surface.

Dip of
neighbouring
strata.

4, Structure of
- neighbouring
strata

A

5. Erratic_
blocks

6. Gravity profile.

Trendés restricted to

few directions in eny.

w

srea. .

Regionally.in any dir- )

ection; near com‘.act‘.
dip one way across
contact .

" Beds and formatlons may
- be different; thickness .

appreclably different
on either side.

Irregular, sinuous, as

well as showing ef}ect

of Intersaction of

 low-sngle surface and

land surface.
Trends nay he rou?hIV__

~ parallel or dendritic,

'-Regionally dips avay
from contact on both

sides, Near contact
may dip acrosJ, but
only in ssme direction
as contact; commnnly
strata above contact

roughly parallel to it

stratas below dip in

... opposité sense.

Small-radius bends,

on one or both sices,
with axis parallel to
cdntact. - .
Stress Jjointingz on one
or, more commonly,
both sides. .

Drag folds my be pre-
~* in upper strata (a?es
' rancom). .

sent (parallel axes).
Silica veining =nd
sl*ckeneicinb on both
sides,

- Fault horses nay .

occur along contact. =
' ' - : ‘ strata on upper side of
contact, near contact or

: well away fron it.

at or near trace of
contact; relative grav-

.",i‘.-".

Lerge-radius syacline

above contacts axis
converges with contact,
downwardés.

Jointing, in upper
strats“only, show no
strain systen,

Slump contortion, only

Gilica veining snd

ZV'slickensidlng only in
. upper strata.

sediments in younger

Conmonly shows gradient - Commonly shows no grad-'

O

=
¥

" Erratic blocks of older |

ient at or near contact -

. . gravity high in younger
4 1ty high in older stratau strata avay from contact.mf

L R |
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