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6. Soinc Considerations on the Conditions of Sedimentation of the
Facles R Sandstones
Horizontal stratification (parallel lamination") results from
deposition on a flat or plane bed (Harms and Fahnestock, 1965; Harms,
1975a). Such exists at higher flow velocities than ripples, sandwaves
and dimes, but lower than in-phase waves (Harms, 1975a). With increasing
sand size the depth and velocity conditions for plane beds also
increase (Southard, 1975). For sand coarser than 0.6cm flat bed
conditions also exist at lower flow velocities, and ripples do not
occur as a stable bedform (Southard, 1975). While parallel lamination
in coarse sandstones may reflect low or high flow velocity conditions,
Southard (1971, p.909) states "since lower flat-bed states are associated
with low sediment transport rates, parallel lamination in coarse sands
is probably much more commonly the record of upper flat-bed states."
McBride et al. (1975) could not form parallel lamination under
flat bed conditions in flume experiments, possibly a result of the
experimental conditions, but they did produce parallel lamination by the
migration of low relief ripples and in-phase waves under shallow flow
conditions and coupled with aggradation. The ripples formed under
conditions considered characteristic of the lower flow regime while the
in-phase waves possessed characteristics of both lower and upper flow
regimes; both bedforms, however, were formed at conditions close to
those that produced plane beds.
The coarse, parallel laminated facies B sandstones of the Keepit
Conglomerate most likely reflect deposition under the higher flow
velocities of the upper flow regime conditions. No evidence exists for
their formation by low relief bedforms as described by McBride et al.
(1975). Parallel laminated or plane bedded sandstones are commonly
associated with the coarse gravel deposits of longitudinal bars in
present day braiding streams (Boothroyd, 1972; Gustavson, 1974;
Boothroyd and Ashley, 1975); the coarse gravels of these bars have been
transported and deposited under upper flow regime conditions.
The occasional cross stratification and ripples present, the
latter in finer facies B sandstones, reflect lower flow velocities and
associated bedforms more typical of the lower flow regime. While some
of the low angle cross laminated sandstones superficially resemble the
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low angle swash cross stratification of Harms (1975b), no supporting
evidence exists for such an origin.
Many facies R sandstone beds in outcrop appear massive; upon
their being cut, however, an internal layering or stratification of
variable scale and reflecting grain size variation may be evident,
lixtensive bioturbation is an unlikely cause of the massive nature of
{luvial sandstones. Massive beds can, however, be due to rapid
deposition from suspension or from very highly concentrated sediment
dispersions (Blatt et at., 1972, p.118). Where associated with overlying parallel laminated sandstones considered to have been deposited
under upper flow regime conditions, rapid deposition from rapidly moving
currents with high sediment loads is inferred.
Iwo questions arise: if most facies R sandstones, massive and/or
parallel laminated, reflect higher velocity conditions:
1. why do we not see more lower flow regime bed forms, especially
if many sandstones fill bar top channels and would carry
sand in waning flow conditions?
Under flood conditions, where as a result of abundant rapid and
shortlived runoff the flood would rise and fall quickly, and with a
high sediment load, a high rate of deposition during the rapid drop in
flow velocity would give no time in which dune bedforms could develop
and migrate (cf. Allen, 1969, p.32). Dune development might also be
inhibited by the (apparent) shallowness of many of the sandstone
filled channels. The coarseness of much of the sand would also preclude
ripples forming. Furthermore, it is possible that subsequent erosion
has removed the upper portion, with lower flow regime structures, of
some sandstones.
2. if sand was moving under higher velocity flow conditions, why
was an effective segregation of sand and gravel achieved?
Sand deposition may have resulted from (1) waning stages of
floods in which gravel transportation had occurred at the higher flow
velocities, but only sand was now capable of being moved, or (2) from
floods or high velocity flows capable of moving only sand. Scattered
clasts within some massive sandstones indicate in these instances
simultaneous movement of the sand and gravel.

170.
nnmary:
The terrestrial sediments of the Keepit Conglomerate are
interpreted as the deposits of braid bars and channels in
a proximal braiding stream environment. Conditions favouring
braiding include abundant sediment load, easily eroded
channel banks, steeper slopes and rapid and extreme, often
seasonal, discharge fluctuations (Fahnestock, 1963; Gupta,
1975). Smith (1970, p.2994) notes ".... higher slopes for
given discharges and higher discharges for given slopes tend
to favour braided patterns...".
The bedding characteristics of the facies A conglomerates and
the facies B sandstones suggest upper flow regime conditions
to have he^n prevalent, but with periods or areas of lower
flow regime also occurring as indicated by ripples and cross
stratified facies B sandstones.
High velocity flow conditions, i.e. flooding, and high sediment
concentrations during discharge are indicated by the coarseness
of the conglomerates, the presence of clast A axes often aligned
parallel to flow direction, the polymodal nature of many
conglomerates, the massive sandstones, and the absence of cross
stratified conglomerates. This last feature is also indicative
of relatively shallow flow depths such as a system of shallow
wide braiding channels.
The high degree of clast rounding (Chapter 5), and occasional
broken clasts suggests vigorous transportation conditions.
The presence of mudstones indicate temporary sites of ponded
water.
The inferred common high velocity flow conditions may have been
a direct consequence of, or simply associated with steep slopes.
The abundant and coarse bedload, frequent high velocity flow
conditions with evidence of lesser flow velocities and ponded
waters, and the possible occurrence of steep slopes are in
agreement with the conditions favouring braiding streams.
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C. Tin; 1 VVlAHOGI;OGRAIMlIC SITTING OF IIII: TFRRFSTIAL DOM/UN
'I he terrestial sediments of the Keep it Gonglomerate were deposited
in a braiding stream environment. Periods of high fluid and high
sediment discharge, i.e., flooding, appear to have been common, with
coarse sediment being transported as bed load through a system of
ephemeral wide shallow channels and bars.
Braiding streams are considered characteristic of glacial outwash plains, alluvial fans, mountainous reaches of rivers, and fronting
many mountainous source areas. They may be associated with extensive
alluvial plains, and contribute to the construction of thick clastic
wedges.
No evidence exists from the study area for glacial activity
resulting in the development of braided outwash plains. FamennianStrunian glaciation, identified on the basis of diverse sedimentological,
palaeonto logical and geochemical criteria, has been, however, recorded
from Brazil by Carozzi et al. (1975). This glaciation has been considered
by Carozzi (written comm., October, 1975) to have been associated with
an extensive ice cap. In view of the lack of independant evidence for
glaciation in the study area, and indeed in eastern Australia, during the
Famennian, the braiding streams which deposited the terrestial facies of
the Keepit Conglomerate are considered to have not been associated with
glacial outwash environments.
The "classic" alluvial fan situation, i.e., closely associated
with often upfaulted source rocks and in many instances unconformable
upon such, comprised of crudely stratified deposits of angular to rounded
detritus of local derivation, and often containing plentiful debris flow
and/or sieve deposits, is not evident in the Keepit Conglomerate. Such
fans are common in arid terrains. McGowan and Groat (1971) briefly
discuss alluvial fans formed in humid regions, e.g., the Kosi River fan
(see also Holmes, .1965, p.542-3). Such fans are constructed solely by
fluvial processes, the detritus being characteristically better rounded
and better sorted than that of arid region alluvial fans. McGowan and
Groat (1971) interpreted the pre-Ordovician Van Horn Sandstone of west
Texas as an alluvial fan constructed only by fluvial processes, i.e.,
flood surges and braiding streams. The fluvial facies of the Keepit
Conglomerate are similar in many respects to the coarser more proximal
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sediments of the Van Horn Sandstone.
During the Famennian plant life was restricted to nearshore and
coastal plain environments (Schumm, 1968, p.1577; Gould, 1975, p.455).
The lack of vegetation on steep highland slopes would result in rapid
and voluminous runoff during precipitation. As a result physical
or mechanical weathering would dominate greatly over chemical weathering,
and the formation of soils would be impeded. Furthermore, due to the
increased volumes and rates of runoff during precipitation, flooding
would be more common. Such conditions of steep slopes with frequent,
periodic (?), high fluid and sediment discharge would favour the development
of braiding streams. Coarse detritus flushed from the highlands byperiodic flooding would be carried through this braiding stream system
to accumulate as extensive, prograding fan-like deposits at the foot of
the highlands.
The terrestial domain of the Keepit. Conglomerate is restricted to
a narrow outcrop strip, reflecting an average 45° dip, for a strike length
of some 45 kilometres. Thickness values along this outcrop length
fluctuate (see Fig. 2.2), possibly reflecting the varying thicknesses of
coalescing fan-like bodies. No plan reconstruction is possible for the
terrestial domain, so the presence or absence of fan-like shapes cannot
be unequivocally demonstrated. The distribution of dacitic volcanic
clasts within the facies A conglomerates of the terrestial domain provides
some indication of possible fan-like deposits. Dacitic volcanic clasts
are most common in MS25 and MS26, rapidly decreasing in abundance towards
the south (Fig. 3.2). This pattern is suggestive of a source area containing dacites adjacent to (north of) a source area with less or no dacite
content. The two or more dispersal systems draining these closely adjacent
sources coalesced or overlapped with one another in their depositional
environments, presumably as a result of lateral migration, to produce the
southward decrease in dacite clast content. Such a pattern is typical of
coalescing alluvial fans draining adjacent source areas of varying
geological composition (cf. Miall, 1970b). This along strike clast
variation in association with the along strike thickening and thinning
is suggestive of laterally adjacent coalescing fan-like bodies.
These fan-like bodies were apparently constructed solely by
fluvial processes, i.e., by braiding streams. Debris flow deposits have
not been recorded in the terrestial domain of the Keepit Conglomerate.
This might result from the scarcity of mud grade detritus within the
source area, related to the steep, vigorously eroding non-vegetated
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slopes of the highland source area (Mc Cowan and Groat, 1971; Friedman,
1976). Debris flow deposits, more common near the apex of alluvial
fans (Bull, 1972, p.81), might nevertheless be found in closer proximity
to the source areafor the Keepit Conglomerate. In view of the absence
of a significant land plant cover during the Famennian, and hence the
low production of clays in steep terrains resulting in an apparent
absence of debris flow deposits, the climatic conditions prevailing
during formation of these fan-like deposits cannot be unequivocally said
to have been either arid or humid. The latter alternative, however, is
preferred when the high degree of clast rounding, including boulders in
excess of 1 metre, and the frequently well sorted nature of the fluvial
gravels is considered.
The terre^Hal facies of the Kecpit Conglomerate form progradational
fan-like deposits which have built out over only slightly older marine
sediments. A basin edge disconformity separates marine mudstones from
the overlying terrestial sequence. The prograding terrestiai deposits
may have been in part fan deltas, alluvial fans, constructed in this
instance by braiding streams, building out into a marine environment
(Holmes, 1965, p.553-4).
The shape data (Chapter 5) indicate the clasts to have undergone
reasonable and/or vigorous transport. Basaltic clasts from Tahiti-nui
(Dobkins and Folk, 1970), probably not too disiinilar in abrasive properties
to the predominantly andesitic clast population of the Keepit Conglomerate,
reflect 5 to 10 miles (8 to 16 kilometres) transport in youthful streams
dissecting a 7321 ft high volcano. If a comparison is valid the Keepit
Conglomerate clasts, somewhat better rounded than those of Tahiti-nui,
represent fluvial transport over 5 to 10 miles (8 to 16 kilometres) or
more and/or more vigorous flow conditions. The source area for the Keepit
Conglomerate would thus lie some 8 to 16 kilometres to the west of the
present western margin of the Tamworth Belt.
The sediments of the terrestial domain thus represent extensive
alluvial fan-like deposits built up along the flanks of a topographically
high steep sloped volcanic source terrain by the processes of braiding
stream sedimentation. The sediments have largely been transported and
deposited under high velocity fluvial conditions, i.e., flooding,
building outfinpart as fan deltas?) over uplifted slightly older marine
lit'nologies.
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- THH INTHRPRliTATION OI: 'IIHi FACI1:S Ql: IItl- MAR 1 Ml DOM/MN

^ • The Interpretat ion of the 1-acies h Clast Supported Clonalomerates
a.

Introduction:

Coarse conglomerates occur frequently with marine turbidites and
range in age from Archean (e.g. Walker and Pettijohn, 1971) to Recent
(e.g., Griggs ct at. , 1970). Such conglomerates have been commonly
interpreted, on the basis of their association with turbidites, as
the products of vaguely defined mass movement phenomena, slumping or
turbidity currents. Walker (1970,197Sa) reviews the characteristics of
many of these conglomerates. In recent years attempts have been made
to achieve a better understanding of the sedimentation processes responsible
for the formation of these coarse i*esedimented conglomerates (e.g., Aalto
and Dott, 1970; Fisher, 1971; Hendry, 1972,1973,1976; Middleton and
Hampton, 1973,1976; Rocheleau and Lajoie, 1974). In particular,
R.G. Walker, in a series of papers (Walker, 1970; Walker and Mutti, 1973;
Davies and Walker, 1974; Walker, 1975a,b,c, 1976,1977) has contributed
touards a better understanding of resedimented clast supported conglomerates,
their processes of sedimentation and their depositional environments.
Davies and Walker (1974) and Walker (1975a,1976,1977) have
established for resedimented clast supported conglomerates four models.
These are:
1. Disorganised-Bed Model, characterised by a lack of grading
and stratification. Imbrication may be present.
2. Inverse-to-Normally Graded Model, characterised by inverse
grading, no stratification, and a normal graded or massive
top. The latter is more likely when the interval of inverse
grading is very thick. Imbrication is present.
5. Graded-Bed Model, characterised by normal grading with no
inverse grading or stratification. Imbrication is present.
4. Graded-Stratified Model, characterised by normal grading,
stratification including cross stratification, imbrication
and no inverse grading. A sandy top may be present.
The depositional processes for these models, in particular those

processes producing the stratification, wore discussed in some detail by
Davies and Walker (1974) and Walker (1975a). Walker (1975a,1976) placed
these rosedimerited conglomerate models within the framework of a
submarine-fail faeies model.
b.

The Fades

E Conglomerates

Ihe clast supported coarsc conglomerates, facies HI and E2, of
this study are closely comparable to the disorganised-bed, the inverseto-nonnal1y graded and the graded-bed models of resedimented conglomerates.
Of the 134 beds which could be classified in this study into massive
or graded categories, 78 (582) are equivalent to the disorganised-bed
model, .1? (241) are equivalent to the inverse-to-normal ly graded model,
and 24 (18",) arc equivalent to the graded bed model.
lacICS hi, the massive conglomerates, are equated with the
disorganised-bed model. They lack grading and stratification, but possess
a fabric with imbrication and A axes parallel, transverse, or both
parallel and transverse to flow direction (Chapter 4).
l-aeies E2, the graded conglomerates, are equated with the gradedbed model (facies E2 normal grading type, p. 119 this thesis) and the
inverse-to-normally graded (or massive) model (facies R2 inverse to
normal, inverse to massive and reverse grading types, p.119 this thesis).
Stratification is rare in the graded conglomerates, occurring as a crude
layering in only 4 of 56 graded beds. In view of the well developed
inverse grading present in three of these beds, and the onlv poorly
developed nature of the stratification, these beds are related to the
inverse-to-normally graded model instead of the graded-stratified model.
Ihe stratification thus occurs as an exception to the basic model. The
virtual absence of stratification within the coarse conglomerates is
consistent with the observations of Davies and Walker (1974). Imbrication
occurs within the graded conglomerates, with fabric studies of three
such conglomerates showing A axes to be transverse and parallel to flow;
in the third the orientation with respect to flow direction was obscure'
(Chapter 4).
No obvious vertical trend exists in the order of occurrence of
these bed types in the various measured sections, aitcrop is not
adequate to recognise the presence or absence of a lateral trend.
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The coarse conglomerates of facies E are considered to be the
products of sediment gravity flows, in the sense of Middleton and
Hampton (1973,1976). In such flows the sediment moves downslope in
response to the pull of gravity, moving with it the interstitial fluid.
I he sediment grains are maintained in suspension by fluid turbulence,
dispersive pressures, matrix strength, or fluidization. These sediment
support mechanisms give rise to four single-mechanism flows:
(1) turbidity currents, in which the sediment is supported mainly by
the upward component of fluid turbulence,
(2) grain flows, in which the sediment is supported by direct grainto-giain interactions (collisions or close approaches), i.e.,
dispersive pressures,
(3) debris flows, in uhich the larger grains are supported by a "matrix",
a mixture of interstitial fluid and fine sediment, which has a
finite yield strength, and
(4) fluidized flows, in which the sediment is supported by the upward
flow of fluid escaping from between the grains as they are settled
out by gravity (Middleton and Hampton, 1973,1976).
Middleton and Hampton (1976, p.214) state "it is probable that
there will be transitions between the various possible highly concentrated
sediment gravity flows, partly because of the probability that two or
more sediment support mechanisms will operate simultaneously
and
partly because of the instability of large, high-speed flows, which tend
to become turbulent as the flow accelerates and then to cease being
turbulent as the flow decelerates...".
The facies E conglomerates do not exhibit the typical features of
debris flows (see discussion of facies F conglomerates p.179), and thus
have not resulted from deposition from this type of sediment gravity
flow. Lowe (1976b) has discussed the processes of fluidisation and
liquefaction, and has concluded that fluidisation is of little significance
in resedimentation mechanisms. Liquefaction, Lowe maintains, is a viable
process for grain support in sediment gravity flows, but is considered
herein less likely to operate for pebble to boulder grade detritus
(cf. Lowe, 1975,p.192). The coarse conglomerates of facies E are considered
not to be the products of either fluidized or liquefied flows.

The significance of turbulence in the resedimentat ion of coarse
conglomerates has been considered by Davies and Walker (1974). On
the basis of their calculations of the required velocities to maintain
large clasts in suspension and from these, estimates of the thickness
of the head of such flows, they concluded fluid turbulence alone was an
unlikely support mechanism for the components of clast supported coarse
conglomerates. lor this reason they considered dispersive pressures,
acting in association with fluid turbulence, as the mechanism of grain
support for the conglomerates they studied. The resulting flow they
termed a tuibulent dispersion, a flow transitional between a grain flow
and a turbidity current. The role of turbulence in the resedimentation
of coarse conglomerates is further discussed in Appendix 5.
Lowe (1976a) has shown grain flow involving clast support by
dispersive pressures, to be a feasible mechanism for the transportation
of coarse conglomerates with sandy matrices. Grain flow of sand requires
slopes in the order of 14 (Lowe, 1976a,p.198) or more (e.g., Middleton
and Hampton, 1973,1976). Lowe, however, showed that grain flows
consisting of gravel and sand could flow on slopes as low as 9° and
concluded this must result from a net momentum transfer from gravel to
sand grain populations. The slope angle upon which flow is possible may
also be reduced by the presence of some interstitial clay, the grain flow
thus being transitional to a debris flow.
The conglomerates of facies E are suggested to be the deposits
of grain flows. Turbulence, resulting in turbulent dispersions as
envisaged by Davies and Walker (1974), may or may not have acted along
with dispersive pressure as the grain support mechanism.
Inverse grading is a common feature of grain flow deposits
(Middleton and Hampton, 1973,1976; Davies and Walker 1974; Lowe,
1976a). The inverse grading present in 57% of the graded conglomerates
implies flows with high clast concentrations, the clasts being maintained
above the bed by dispersive pressures (Davies and Walker, 1974,p.1214;
Walker, 1975a,p. 745). I'.alker also considers inverse grading implies the
presence of relatively steep slopes in a proximal environment.
Normal grading has been reported from conglomerates interpreted
as the deposits of grain flows, e.g., Lowe (1976a). The occurrence of
normal grading in 63% of the graded beds implies a transporting process

m which the c lasts here free to move relative to one another, enabling
a size sorting or lateral grading (Walker, 1975a,p.744). The
occurrence of normal grading and its implications regarding turbulent
flow are discussed more fully in Appendix 3.
The occurrence of clasts with their A axes aligned parallel to
flov. direction and dipping upstream is characteristic of grain flows
(Rocs, 1908; llavies and Walker, 1974). This fabric is attributed in
gram flows to the high grain concentration and hence high frequency
of grain collisions. Rees (1968, p.458) also notes "it will be a
condition for stability that the principle axes will be tilted
counterclockwise from the direction of motion.... A tilt of this kind
will be described here as an imbrication...", thus considering imbrication
to be a direct result of grain collision in grain flows. In contrast,
Hendry (1976) considers the upflow grain imbrication in flows with high
clast concentrations to indicate gradual deposition of the bed from the
base upwards rather than mass emplacement by sudden freezing. The
imbrication results from the dragging of the tail as the grain slows
down, and with cessation of movement further flow of sediment or fluid
over the grain forces it against the bed in that position. Under such
conditions of gradual bed emplacement bed load rolling of the clasts
might be expected and an A transverse to flow direction fabric would
eventuate. This fabric may be developed during the last minutes of flow
and need not imply bed load rolling to have occurred throughout the
duration of the flow.
'he A parallel to flow direction fabric, in the facies E
conglomerates,with imbrication, is in character with grain flow
deposition. However, an A transverse to flow direction fabric in some
beds indicates bedload rolling of clasts about their A axes. This is
moie suggestive of gradual deposition rather than the mass emplacement
typical of gram flows. This would imply grain flow alone was not the
depositional mechanism in all instances, but rather a period of traction,
maybe associated with the bedload portion of a high concentration
turbulent flow, also operated. The occurrence of more than one depositlonal process or support mechanism during emplacement of a bed is to be
expected (Middleton and Hampton, 1973,1976), and the observed fabric
within coarse conglomerates of facies E is in character with this.
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The essential absence of stratification in the facies K
conglomerates indicates flows in which no size sorting, either in
suspension or by rolling on the bed, was being achieved by the current
(Davies and Walker, 1974,p. 1214") , such that layers of varying grain
•k
s i ze cou1d be depos i ted.
'I he features of the facies F, conglomerates are thus consistent
with deposition from grain flows, and such is accordingly considered
to have been the dominant depositional mechanism for many of the
conglomerate beds. Turbulence, and bedload rolling of clasts may have
also operated during the sedimentation history of some beds.
Of 134 beds of facies E conglomerates S8% are massive and 421
are graded. The question arises as to whether the massive beds are
also grain flow deposits. The fabrics are typical of both grain flow
and traction conditions, the lack of inverse grading could be taken to
suggest the flows were not highly concentrated dispersions. One
explanation, as that tentatively offered by Walker (1975a) for the
disorganised-bed model, is that they are very proximal deposits. As
such, the lack of inverse grading, and also normal grading, results from
inadequate time for development of these features. The presence of a
preferred clast orientation, however, suggests either such forms very
early in the flow history of a deposit, or that it can form very rapidly
immediately prior to sedimentation. Thus, the massive facies HI conglomerates are also considered to have resulted from grain flow, with the
probability of some bedload rolling of clasts as well.

2. The Interpretation of the Facies F Matrix Supported Coarse Conglomerates
The features of the matrix supported coarse conglomerates are
comparable with those of debris flow deposits, e.g., poor sorting,
larger clasts dispersed through a finer grained matrix, often internally
structureless, with or without inverse grading and/or coarse tail normal
grading (Hooke, 1967; Johnson, 1970,p.461; Fisher, 1971; Bull, 1972;
Middleton and Hampton, 1973,1976).
—
.
—
Thi: size sorting process is not the same as that related to the
frontal eddy of turbidity currents which produces a lateral grading
within such currents.
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Debris flows arc common in subaerial environments (e.g., Sharp
and Nobles, 19S3; Curray, 1966; Johnson, 1970) and have been reported
from recent lake environments (Hync- et <7/., 1973) and submarine
environments (Fmbley, 1976; Bouma and Pluenneke, 1975). 'Hie theoretical
aspects of debris flows, their mechanics of movement and ability to
transport large clasts on low angle slopes, have been treated by Johnson
(1970), Hampton (1972,1975), Middleton and Hampton (1973,1976) and Rodine
and Johnson (1976).
The larger grains are supported in debris flows by the strength
and buoyancy of the fluid phase, usually a clay-water mixture. Dispersive
forces as a result of grain interaction may contribute to clast suspension
(Middleton and Hampton, 1973,1976; Hampton, 1972, p.779). The clay
content of the debris flow need not be high (Hampton, 1972,1975). Curray
(1966) reports only
of clay grade material in the matrix of a debis
flow containing boulders up to 2.5 feet (0.75 m).
The fabric of debris flows is described by Fisher (1971) as
fragments lying essentially parallel to bedding, while Middleton and
Hampton (1973,1976) refer to a random fabric. Orientation of the fabric
elements parallel to bedding is considered to indicate laminar flow
conditions (Fisher, 1971; see also Johnson, 1970,p.439). Imbrication
may be expected in the basal portion of a debris flow (Walker, 1975b,
p.156). A axes oriented parallel to flow direction have been reported
from recent debris flows by e.g., avalanche boulder tongues, Rapp (1959),
and from ancient alluvial fan debris flows by, e.g., Bluck (1965).
Preferred orientations of grains have been described from DSDP drill core
samples of debris flow deposits by Bouma and Pluenneke (1975). Unimodal,
bimodal and polymodal fabrics exist, but no relationship to flow
direction is given.
It is significant that the facies F matrix supported coarse conglomerates herein interpreted as the deposits of debris flows contain
matrices varying from clean to muddy sandstones within the one bed. One
such sandstone matrix (R39261) contains 16.7% mud present as matrix to
•k
the sandstone (Table 3.3, Fig. 3.3). Matrix strength is thus considered
^

•
•
1
The clay content of the facies F conglomerates is
in
contrast to the
clay free matrices of the facies E clast supported coarse conglomerates
(R39256, Table 3. 3 , Fig. 3. 3), the clast support mechanism in the
latter being primarily dispersive pressures resulting from grain
interaction.
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to have been an important clast support mechanism, acting possibly in
association with dispersive pressures, for the facies F conglomerates.
Origin of the Matrix: Intra formational mudstone clasts occur
within the facies F matrix supported conglomerates, ranging in size from
sand grade up to blocks of 15 metres maximum diameter. The smaller
fiagment.s may be seen in thin section of the conglomerate matrix, often
showing signs of deformation between the more resistant sand sized
framework grains. Despite this deformation, they are readily distinguished
from the interstitial mud matrix. The mud matrix has thus not originated
from the in situ breakdown of these intraformational grains.
The irregular distribution and amount of the mud matrix within the
conglomerates, and the associated intraformational clasts suggests the
mud to have been derived by tne complete disaggregation of intraformational
mudstone fragments during, and not after, sedimentation, and/or the erosion
of mud during the incorporation of the intraformational mudstone fragments.
Tf derived from the same source as the coarser detrital grains, i.e., a
coastal environment, and transported along with them to the deeper water
environments in which the facies F conglomerates accumulated, a more
complete intermixing would be expected. The occurrence of concretions
within the facies N mudstones and the underlying Eungai Mudstone, from
which the intra formational clasts were presumably derived, within intraformat ional mudstone blocks, and as distinct fragments within the conglomerate supports the derivation of the mud by the disaggregation of intraformat ional mudstone fragments and/or the erosion of mud during sedimentation
The presence of imbrication, though at low angles to bedding,
indicates the ability of the clasts to move relative to one another (e.g.,
Davies and Walker, 1974, p.1210). The existence of A axes parallel to
flow and imbricate upstream (Chapter 4) is in character with debris flows.
The development of this fabric by the cyclical motion of the fabric elements
has been discussed by Lindsay (1968). Such could also result from grain
interaction during flow (Rees, 1968). The presence of A axes oriented
transverse to flow (Chapter 4) indicates rolling of these clasts about
their A axes, such possibly occurring in the basal portion of the flow
where the clasts are free to move relative to one another.
It is concluded that the matrix supported conglomerates of facies
F are the deposits of debris flows, a variety of sediment gravity flow
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in which clast support is largely a result of matrix strength,
(Middleton and Hampton, 1973,1976). Whether the flows originated as
debris flows, or whether they subsequently evolved into them, is
speculative. Their capability to erode muddy substrates and/or channel
walls, as evidenced by the intraformational mudstone clasts present,
suggests higher flow velocities (e.g., Fisher, 1971,p.925) at some
earlier stage. Dispersive pressures and/or fluid turbulence may have
been more significant grain support mechanisms than matrix strength
during this earlier flow stage.
Through the incorporation of mud, either by contemporaneous
erosion of such or by the complete disaggregation, during transportation,
of intraformational mudstone clasts, they were capable of continued
movement as debris flows. With the incorporation of mud, any existing
turbulence would be dampened (Johnson, 1970,p.442). The poorly sorted
nature, with larger clasts dispersed through a finer grained matrix,
of the facies F conglomerates is characteristic of deposition from debris
flows and thus such may be inferred to have been the probable transporting
mechanism in the final stages of the sedimentation history of these
deposits.

3. The Interpretation of the Facies G Diamictites:
The diamictites of facies G resemble the pebbly muds tones described
by Crowell (1957), the chaotic slumped deposits (facies F) of Walker and
Mutti (1973) and the chaotic matrix supported facies of Walker (1976).
Similar deposits of widely varying age, attributed usually to subaqueous
mudflows and often containing large clasts and/or intraformational blocks,
include those described, e.g., by Dott (1961), Schermerhorn and Stanton
(1963), Peterson (1965), Scott (1966), Aalto and Dott (1970), Van Loon
(1970), Binda and Van F:den (1972), Lowe (1972) and Siedlecka and Roberts
(1972). In many of these studies the question regarding genesis has been
a controversial one of a non-glacial or glacial origin.
Crowell (1957) considered pebbly mudstones to result from rapid
deposition of gravel upon poorly consolidated water saturated muds on
relatively steep slopes. The coarse sediment sinks into the underlying
mud, downslope movement may thus be initiated and the resultant mixing of
gravel and mud produces the pebbly mudstone. Crowell considered the

