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tend to occur within sequences consisting mainly of graded sandstones.
They do not resemble pebble conglomerates of facies El, possessing better
grading and finer sediments at the top of the bed.

5. Facies I Graded Pebbly Sandstones
These occur as very thick bedded units ranging up to 10 metres in
thickness (Section 2.1, 128m). They occur in association with the pebble
conglomerate facies and/or the graded sandstone facies. Thin sequences
of interbedded fine grained sandstones and/or mudstones (facies M) may
occur interbedded with the pebbly sandstones. The graded pebbly sandstones
are more plentiful than the graded pebble conglomerates.
Trxtures:
The pebbly sandstones usually consist of clean coarse
to very coarse sandstones grading up to medium to coarse sandstones.
Dispersed pebbles are common in the lower portions of the bed, in some
instances being plentiful enough to produce a dispersed framework pebble
conglomerate. Cobbles and boulders are rare.
Structures:
Normal grading is present in these units as an upward
fining of the sandstone grade. The pebbles present also exhibit an upward
decrease in both size and content (coarse tail grading) (Plate 6.7c,e).
Inverse grading has only been observed in a few instances (Plate 6.7f),
e
-g-> a granule rich very coarse sandstone passing up to a pebbly sandstone.
Stratification, if present, is usually obvious as a pronounced
parallel parting in the upper, usually medium sandstone, portions of the
beds (e.g., MS21, MS22). Abundant plant debris, often exhibiting a prominent
fabric (p. 85), is usually present upon these parallel parting surfaces.
No other internal structures were observed.
Intraformational mudstone and/or shale clasts are often present
(Plate 6.7g), in many instances exhibiting a pronounced fabric (p. 85).
Injection of sandstone along bedding planes within a clast was noted in
one instance (Plate 6.7h).

6. Facies J Graded Sandstones
This facies occurs as laterally extensive (^81 metres in MS3) thick
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to very thick bedded sandstones up to 2 to 5 metres but occasionally in
the order of 10 metres thick (MS24) (Plate 6.8a). The sandstones range in
grainsize from very coarse to occasionally fine grained, and exhibit normal
grading. They are predominantly clean with well developed cements rather
than clay matrices (Fig. 3.3, Chapter 3). Abraded fossil fragments are
often present.
These sandstone beds consist of a lower and an upper division
(Plate 6.8d,f,g).
•k

J.
The lower division (A) is usually thick, structureless and may contain
scattered pebbles, mudstone fragments, and plant and/or shell debris. The
mudstone fragments may be so plentiful as to give the appearance of a basal
mudclast breccia (MS5, e.g., 21m). A crude upward fining, e.g., from
coarse to very coarse sandstone to medium to coarse sandstone, occurs in this
lower division.
2.
The upper division (R), usually thinner and parallel laminated, exhibits
a more obvious grading, fining rapidly to a medium to fine sandstone. The
parallel lamination may be apparent as a crude to pronounced parallel parting
in the sandstones reflecting slight grainsize fluctuations. Poorly defined
small scale cross stratification was seen in only one instance (loc. C,
Fig. 2.2), in the upper portion of one of these sandstone beds. Plant
detritus is often common in this parallel laminated division.
The upper division may be abruptly overlain by alternating laminae
of mudstone and fine to medium sandstone, which in turn may be overlain by
mudstone. This sequence only occurs in a few instances (e.g., Plate 6.8g);
when absent the overlying sandstone may occasionally contain mudstone fragments.
The basal contacts of sandstones of this facies are usually planar
and conformable; scouring is only occasionally seen (Plate 6.8e). Sole
markings present on the bases of the beds, rarely exposed, include flute
casts, groove casts, tool casts, load casts and minor trace fossils (Plate
6.9a,b,c). The upper contacts of these sandstones are usually abrupt.
A variant of the graded sandstone facies characterised by better
developed grading, occurs as medium to very thick beds. A pronounced normal
grading from coarse or medium to medium or fine sandstone is evident, in
many instances grading up to a mudstone or a laminated mudstone-fine
*

A,B,C,D and E refer to the Bouma divisions of a turbidite (Bouma, 1962;
Walker, 1965).

Plate 6.8

a. Faeies .1 graded sandstones separated by faeies M
intcrhcddcd mudstone-sandstone. MS3.
h. Faeies .J graded sandstone bed conformably overlying
Eungai Mudstone. MSG.
e. Faeies J graded sandstone bed: detail of conformable
basal contact. MS2 (base of bed in 6.8d).
d. Faeies .1 graded sandstone bed overlying sandstone
rich faeies M interbedded mudstone-sandstone. Notebook
sits at level of the parallel laminated division (B),
the remainder of the bed is the massive division (A).
Note well developed spheroidal weathering. MS2.
e. Detail of basal scour, faeies J graded sandstone. Note
truncation of thin bedding. Between MS2 and MS3.
f. Faeies J graded sandstone bed showing the basal massive
division (A) and overlying parallel laminated division (B).
Overlain by a thin lensoidal sandstone. Note plumose
structure on joint face. MS6.
g. Steeply dipping faeies .J graded sandstones with basal
massive division (A) and overlying parallel laminated
division (B). Beds separated by mudstone dominant faeies M.
Bases of beds possess sole marks (Plate 6.9). MS5.

Plate 6.8

Plate 6.9

Groove casts on the base of a facies J graded sandstone
bed. Note Lryt ^rhl ww aunt vale fragment (arrowed)
oblique to groove casts. MS5.
Uell defined tool casts on the base of a facies J eraded
sandstone bed. MS5.
Groove cast (slide cast?) and two small flute casts on
the base of a facies ,J graded sandstone bed. MS5.
Facies K sandstones (the 4 thicker beds) interbedded
uith facies M interbedded muds tone-sands tone. MS2.
Amalgamated facies J graded sandstones. Hammer head sits
on Shale clast horizon marking the plane of amalgamation.

facies K sandstone showing parallel lamination and
prominent load cast. MS2.
Boimia sequence in a facies K sandstone. Divisions A B
C,h indicated. Note load casts. MS39.
Lensoidal facies 1. massive sandstone. Base and top are
both actually present in the creek bed, conglomerate overlies
and underlies the sandstone. The lensing evident in the
photograph is real. MS39.

Plate 6.9
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sandstone sequence. Most of these sandstones also exhibit a basal
structureless division (A), but with well defined grading, overlain by
a parallel laminated division (B). An interlaminated fine sandstonemuds tone (I)) and/or a muds tone division (E) may also be present. In one
very thick bedded sandstone a thin poorly rippled division (C) overlay
the parallel laminated division and was in turn overlain by a laminated
fine sands tone-muds tone sequence (D-E?) (MS13, 93m).
I he graded sandstone facies occurs in sequences with or without
intervening mudstone and thin bedded sandstone of facies M. In some
instances the former sandstones can be seen to be amalgamated (e.g., Plate
0.9e). In some of the thickest beds, however, no evidence could be found
for amalgamation (e.g., MS24).
The graded sandstone facies occurs associated with members of the
graded pebble conglomerate facies, graded pebbly sandstone facies, the
facies K sandstones, and interbedded mudstone-sandstone facies M. They
may have associated with them members of the coarse conglomerate facies
E and I\ The thickest units occur associated with the graded pebble
conglomerate facies and the graded pebbly sandstone facies.

7. Facies K Sandstones
These sandstones are laterally extensive thin to medium beds of
fine to coarse sandstone (Plate 6.9d). They differ from the graded sandstone facies J primarily in their being thinner and finer grained, and
in their frequently possessing better defined internal structures. They
may or may not possess normal grading. Parallel lamination (Plate 6.9f),
either throughout the bed or confined to the upper portion, and less
common ripple cross lamination are present. Within one bed a ripple cross
laminated division (C) overlies a parallel laminated division (B). A
10 cm thick bed in MS39 exhibited a lower parallel laminated division (B),
a division of contorted laminae (C) and an uppermost mudstone division (E).
Prominent load casts contained massive coarse sandstone (division A)
(Plate 6.9g).
The bases of these sandstones are well defined, usually being
conformable and planar. Load casts (Plate 6.9f), small groove and flute
casts, and small scours can be observed. Mudstone fragments are occasionally
present. The tops of these sandstones are either abrupt or gradational
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with the overlying muds tone.
I his sandstone facies occurs associated with the interbedded
muds tone-sands tone facies M, occurring usually in thicker sequences of
the latter, and/or with the graded sandstone facies. They may also occur
in sequence separated by thin intervals of laminated medium to fine
sandstone and mudstone (facies M) (MS5).

8• facies h Massive Sandstones
I he massive sandstone facies occurs almost exclusively in association
with the clast supported coarse conglomerate facies I;, with which they
may possess abrupt or gradational contacts (Plate 6.4c ,e,6.10a).
The sandstones of this facies are characteristically structureless
m outcrop. They occur as medium to very thick beds of medium to very
coarse sandstone. Scattered pebbles and less commonly, mudstone fragments,
may be present. Parallel lamination is rarely observed, occurring, e.g., at
the top of one sandstone lense in MS13 (45.5m). The lateral extent of
these sandstones is often not evident through poor outcrop. In many
instances, however, they can often be seen to exhibit a lensoidal form or
to be scoured out by overlying coarse conglomerates (Plate 6.4c,h,6.9h).

9-

Facies M

Interbedded Mudstone-Sandstone

This facies contains interbedded sandstone and mudstone in variable
amounts, resulting in both sandstone dominant (e.g., MS4 53.5m, MS20, 35m)
and mudstone dominant (e.g., MS7, 4m) representative sequences. Some of
these sequences may be very thick, e.g., 32 metres in MS38.
The sandstones are fine to medium grained, occasionally coarse
grained, and occur as thin to very thin beds and laminae. Individual units
are often internally parallel laminated. Some ripple cross lamination may
be piesent. Ripple marks, load casts and small scours may be present.
Plant detritus is common.
The mudstones range in thickness from laminae to medium beds,
usually being thicker bedded when more plentiful. Both massive and
laminated mudstones are present. Scalarituba-1 ike burrows (Rodriguez and
Gutschick, 1970, Plate 6) of an infaunal deposit feeder, indicating quiet

Plate 6.10

a. Facies L massive sandstones interbedded with facies E
coarse conglomerates. Note basal scour in central
conglomerate bed. MS.10.
b. Facies M interbedded muds tone-sandstone, with two facies K
sandstone beds (at base and near top of staff). Gradational
interval between Eungai mudstone and Keepit Conglomerate
MS 2.
c. Facies M interbedded mudstone-sandstone scoured into by
the overlying facies E conglomerates. MSI4.
d. Facies M interbedded mudstone-sandstone sequence. Gradational
interval between Keepit Conglomerate and Mandowa Mudstone.
MSI 5.
e. Sea Iaratuba-1 ike trace fossils, with smaller unidentifiable
traces, in facies M sediments, MSI3.
f. Facies N massive mudstone overlain by facies .J graded
sandstones, contact arrowed. MS3.
g. Facies N massive mudstone scoured into by matrix supported
conglomerate, facies F, in turn overlain by facies J graded
sandstones. Line of shade marks the scoured contact, base
of sandstones is arrowed. MS3.

Plate 6.10

water conditions, were noted in mudstones in MSI 5 and MS 14 (Plate 6.10c).
Slumping within mudstone dominant facies M is observed only in
MS40, occurring on two horizons. The thicker of these is only in the order
of 1m thick. Thin sandstone beds are dislocated and contorted.
As noted above these two lithologies tend to occur interbedded in
varying ratios. The sandstone dominant sequences tend to occur with
sandstones of facies .J and K. The mudstone dominant sequences usually occur
in the transitional interval between the Keepit Conglomerate and the Eungai
Mudstone (Plate 6.10b) or Mandowa Mudstone (Plate 6.10d). In such situations
there is a tendency for the percentage of mudstone to increase towards
the particular mudstone formation. Sandstones of facies .1 and K usually
occur interbedded with facies M in this context, with individual beds becoming
thinner and less frequent as the mudstone formation is approached. A thick
sequence (32 metres) occurs separating the graded pebble conglomerate
facies II and the facies E clast supported coarse conglomerates in MS38.
Ihin intervals of this facies M often occur between individual beds
of the graded sandstone facies J (Plate 6.6a,g) and of sandstone facies K.
Less commonly, such will occur between graded pebbly sandstones and/or graded
pebble conglomerates of facies 1 and H (e.g., MS39, MS22, MS3, MS5). This
facies may also occur, rarely, associated either with the occasional
facies J or K sandstones which may occur within coarse conglomerate (facies
E and F) sequences, or with the coarse conglomerates themselves (e.g., MS38,
MS14 and MS7, MS14 respectively). In this latter instance facies M is
often mudstone dominant, and may be scoured by the associated conglomerates
(Plate 6.10c).

10. Facies N Massive Mudstones
This facies is of limited extent, occurring best exposed in section
3. The very thick (16.5m) massive grey-black mudstone overlies a facies F
matrix supported conglomerate, in one instance apparently gradationallv.
It is overlain, and scoured into, by the graded sandstone facies and another
matrix supported conglomerate, respectively (Plate 6.10f,g). The mudstone
contains occasional coarse grained thin sandstone layers, some discordant,
calcareous concretions and, near the base and top, rare isolated cobbles.
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1 . Tnt roduct ion
Section 25 is loeated north of the tcrrostial domain and west of the
marine domain. The significance of this section lies in its uniqueness,
being the only exposed section in which unequivocal marine and tcrrestial
•
facics
occur interfingering with one another. *
Marine deposits constitute 76.6$ of the exposed portion of the section,
while terrcstial deposits account for 23.4%. Eight facies have been
recognised within this section. Of these, 3 have previously been described
fiom the ten estial domain and 3 from the marine domain. The facies present
in MS25 are:
Trvvcstial:
Facies A conglomerates, facies B sandstones, facies C mudstones
Marine: Facics I* matrix supported coarse conglomerates, facies L
massive sandstones, facics M interbedded mudstone-sandstone, facies 0
sandstones and facics P sandstones.
I he following descriptions ot these facics should be read in association
with Fig. 6.3, Appendix 5, and Plates 6.11,6.12,6.13.
The Tewestial

Facies:

2- Facies A Conglomerates, Facies B Sandstones and Facies C Mudstones
These facies occur in association at two stratigraphic levels, the
base and near the centre, of MS25. The basal occurrence is the thicker
(at least 53.5m). These facies are described in detail for the terrestial
domain (p.108), their features within MS25 will therefore only be briefly
discussed.
The facies A conglomerates consist of medium to very thick bedded
clast supported pebble and pebble-cobble conglomerates, with occasional
boulders up to 80 cm maximum diameter. They thus tend to be finer overall
compared to their counterparts further south in the terrestial domain.
Subordinate medium to very thick bedded, medium to very coarse
The Mudstone-Sandstone facies D (p.116) is possibly of marine origin,
thus also representing an interfingering of marine and terrestial
deposits. In this instance, however, the possible marine facies
are very much subordinate to the terrestial facies. An alternative
explanation does exist, with this facies possibly being the fill of an
abandoned channel (p. 163). With the lack of unequivocal evidence for
a marine origin, this facies is treated as distinct from the interbedded mudstone-sandstone facies M of the marine domain.

Fig. 6.3. Schematic section of MS25 showing the facies
present and their relationship.
This section is based on the measured stratigraphic
section (MS25, Appendix 5) but with a reduction of detail
and a more schematic representation of the facies.
Facies A,B and C are terrestial. In the thinner,
central occurrence of these facies, the presence of facies C
(very rare) has not been indicated on the diagram.
Facies F,L,M,0 and P are marine.
The interval between the basal sequence of terrestial
facies and the first sequence of facies M is unexposed.
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giaincd facies B sandstones occur interbedded with tHo conglomerates.
These sandstones may he lensoidal over distances in excess of 10m, are
oiten pehhlv, possess parallel lamination and occasional cross stratification, and contain thin, often load deformed mudstone layers (facies C
mudstone). The mudstone facies is volumctrically insignificant, usually
occurring as thin beds or laminae within thicker sandstone beds.
Scour and fill structures are present, with small intraformational
mudstone clasts occurring where conglomerate scours underlying mudstones.
One well developed fining up sequence (MS25, 25.5m, Appendix 5), passing
from basal conglomerates via sandstones to interbedded thin sandstones
and mudstones, is evident; the sandstone-mudstone sequence is scoured
into by the overlying pebble conglomerate (Plate 6.11a). Rapid lateral
and vertical transitions from conglomerates to sandstones, often via
pebbly sandstones, frequently occur.
The Marine Facies:

3•

1-acies I- Matrix Supported Coarse Conglomerates and facies L Massive
Sandstones

These two facies occur only in association with one another at
the top of the section. They will therefore be discussed together.
The matrix supported conglomerates are thick to very thick bedded
pebble-cobble to cobble-boulder grade conglomerates, commonly with abundant
poorly sorted pebbly coarse sandstone matrices (Plate 6.lie). Both
inverse and normal graded conglomerate beds are present. Scouring is
occasionally seen. These conglomerates are considered to be a variant of
the matrix supported coarse conglomerates of facies P, differing to the
latter in containing a higher percentage of clasts and lacking the large
intraformational mudstone blocks.
The interbedded facies L sandstones are thick to very thick bedded
coarse to very coarse grained, often containing dispersed pebbles. They
are usually massive, but normal grading or parallel lamination may occasionally
be present. These features are closely comparable to those of the facies L
massive sandstones of the marine domain.
The basal contact of the lowermost facies F conglomerate bed with
the underlying mudstones of the interbedded mudstone-sandstone facies M
exhibits shallow scours (Plate 6.lid). At one spot, laminated mudstone can

Plate 6.11

a. Pebble conglomerate scouring out a thin bedded mudstonesandstone unit at the top of a fining up sequence. Mudstone
clasts occur within the pebble conglomerate. MS25.
b. Deformation of interbedded mudstone-sandstone facies M at the
base of a facies F matrix supported conglomerate. MS25.
c. Detail of 6.11b. Note the lamination in mudstone steeply
inclined to the original bedding at the very bottom of the
photograph. Note the matrix of conglomerate iniected into
the upturned mudstone along stratification planes.
d. Gentle scouring at the base of the facies F matrix supported
conglomerate, overlying facies M interbedded mudstonessandstones. Note ripple cross laminae in sandstone at the
base of the hammer handle. MS25.
e. Facies F matrix supported conglomerate. MS25.
f. Facies M interbedded mudstone-sandstone with two facies P
aspect sandstones and, by hammer, a carbonate concretion,
MS 2 5.
g. Large carbonate concretion in facies M interbedded mudstonesandstone sequence. MS25.

Plate 6.11

140.
be seen to be deformed, with the laminae twisted upwards (Plate 6.11b,c).
This appears to be the result of deformation at the front of a sliding
mass of the now overlying conglomerate.

^

' es M

Interhedded Muds tone - Sand stone

ihis facies consists of thin bedded to laminated mudstones with
subordinate fine to medium sandstones (Plate 6.110. The latter occur as
laminae to thin beds, with well defined tops and bases. They may be of
regular or irregular thickness, frequently terminating as though filling
small scours or of ripple form. In some instances ripple cross lamination
is evident (Plate 6.13d). Parallel lamination is common, while some beds
possess grading. The thinner beds are usually massive. Small scale soft
sediment deformation features are occasionally seen. The thicker of the
sandstones, though still thin bedded, resemble facies P sandstones. These
sandstones may be graded, are often parallel laminated, and may possess
poorly defined ripple cross stratification at the top.
Occasional small shallow scours, lined by sandstone, have been
observed. Calcareous concretions are present (Plate 6.11f,g).
This facies occurs at three intervals within the section (Fig. 6.3),
in two instances overlying facies P sandstones (Plate 6.12a).

5. Facies 0 Sandstones
This facies consists of thick to very thick bedded coarse to very
coarse sandstones, often with plentiful granule and pebble grade detritus
(Plate 6.12a,b). Mudstone clasts, often laminated, are common, occurring
in distinct horizons which in some instances line scours (Plate 6.12d,e).
These sandstones frequently possess a diffuse to moderately pronounced
parallel lamination or thicker internal layering (Plate 6.12c). Normal
grading is commonly present, with a basal finer layer also present in
some beds.
These sandstones occur at two horizons within the section (Fig. 6.3)
in both instances being overlain by sandstone facies P.

