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ABSTRACT

Carter, R.M. and Norris, R.J., 1977. Redeposited conglomerates in a Miocene flysch
sequence at Blackmount, western Southland, New Zealand, Sediment. Geol., 18: 289—
319.

The Middle Miocene Monowai Formation represents a gravel delta that prograded
south into a flysch basin complex developed along the Moonlight Tectonic Zone, south-
ern New Zealand. The delta-slope environment was characterized by a conglomeratic
sequence up to 500 m thick. Most of the gravel was moved downslope by mass-transport
processes. A complete spectrum exists from synsedimentary slide sheets (up to 10 m
thick and 100 m long) that retain pre=sliding sedimentary structures, to more mature
mass-transported sediment types in which all original structures have been destroyed. The
most distal deposits include ungraded homogeneous pebble conglomerates up to 3 m
thick. Some of the more mature redeposited conglomerate—sand—mud units (X—Y—Z
sequences) are between 2 and 10 m thick; they comprise a basal X-division of bouldery
conglomerate, a middle Y-division of pebbly mudstone or pebbly sandstone, and an upper
Z-division of hydroplastically folded mudstone. Though X—Y—Z sequences may have
been deposited from very proximal turbidity or fluxoturbidity currents, inertia-flow
emplacement seems more likely. An inertia-flow mode of emplacement also seems most
probable for the other redeposited sediment types described from the Monowai Forma-
tion.

INTRODUCTION

A number of recent papers have described redeposited conglomerates that
occur in typical flysch sequences (Scott, 1966; Fisher and Mattison, 1968;
Aalto and Dott, 1970; Hubert et al., 1970; Aalto, 1972; Hendry, 1973;
Davies and Walker, 1974; Rocheleau and Lajoie, 1974). The problems of
inferring the transport mechanisms of such coarse-grained sediments are con-
sidered by most of these authors, who discuss emplacement by various types
of laminar, pseudolaminar or turbulent mass flow. Following the conven-
tional interpretation of turbidity currents as the most mature of a range of
subaqueous mass-transport processes (cf. Dott, 1963; Morgenstern, 1967),
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conglomerates such as those that Davies and Walker (1974) interpret as the
deposits of powerful turbidity currents should grade laterally into sediment
types that represent more proximal or immature types of redeposition. Few
modern authors have yet described redeposited conglomerates of this most
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Fig. 1. Locality map of the Blackmount area showing the distribution of the Monowai
conglomerate (open circles). Numbered localities show the position of major sections
through the conglomerate: 1 = Blackmount West; 2 = Borland Burn—Waiau River junc-
tion (cf. Fig. 5); 3 = Monowai River (cf. Fig. 3); 4 = Conglomerate Ridge (cf. Fig. 6).
Inset map of southern part of South Island showing I = Alpine, 2 = Moonlight, and 3 =
Eglinton—Hollyford fault systems, rocks of the Tuhua Orogen (cross-hachured), and the
distribution of metamorphic zones within the Rangitata Orogen (z = zeolite facies; pp =
prehnite—pumpellyite facies; gc = greenschist (chlorite) facies; gb = greenschist (biotite)
facies). Position of Blackmount area indicated by black rectangle. Extension of the Moon-
light fault system north to the Alpine Fault, beyond the chlorite schist belt, is hypotheti-
cal.
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proximal type (i.e. sequences that include slide sheets in varying stages of
disruption and redeposition), though some earlier literature contains valuable
descriptions of such sediments (Becker, 1916; Jones, 1939; Beets, 1946).
This paper therefore presents a preliminary description of a well-exposed
sequence of proximal redeposited conglomerates associated with a Cainozoic
flysch basin in southern New Zealand.
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Fig. 2. Summary stratigraphic column of the Blackmount area. Abbreviations in left-hand
column refer to local New Zealand biostratigraphic zonation.
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REGIONAL SETTING

The Monowai conglomerates occur within a thick Cainozoic flysch
sequence that was deposited along the Moonlight fault system, southwestern
New Zealand (Fig. 1). This system marks a fault-controlled graben complex
which extends north from the southwestern margin of the New Zealand conti-
nental plateau, and which originated as a result of Late Eocene—Oligocene
plate boundary rearrangements in this part of the southwest Pacific (cf.
Carter and Norris, 1976; Norris et al., in prep.). Oligocene to Pliocene flysch ba-
sins, controlled by faults of the Moonlight and Hollyford systems, developed
along and adjacent to the active Moonlight Tectonic Zone, and suggest the zone
may have been an aulacogen (Norris et al., in prep.; cf. Hoffman, 1973). Fur-
ther changes in plate movements during the Late Miocene gave rise to reversal
of movement on many of the faults with accompanying folding and uplift of
the sediments. The sedimentary sequence exposed at Blackmount is typical
of the fill of basins along the fault system. At Blackmount, between 5 and
10 km of post-Eocene sedimentary rocks can be grouped into five forma-
tions representing five regional tectono-sedimentary phases (Fig. 2).

Conglomerates of the Monowai Formation (Carter and Norris, in prep.) lie
approximately in the middle of this thick redeposited sequence. They out-
crop in a major north-plunging syncline to the west of the Blackmount Fault
(Fig. 1), itself part of the Moonlight Tectonic Zone. The conglomerates show
all gradations between rocks interpreted as synsedimentary slide sheets and
rocks interpreted as internally mixed inertia-flow deposits.

More detailed information regarding access and the geologic and strati-
graphic setting of the Monowai Formation may be found in Carter and
Norris (in prep.). Stratigraphic terminology throughout follows Carter et al.
(1974), whilst the sedimentologic terminology is after Sanders (1965) and
Carter (1975).

GENERAL DESCRIPTION OF THE MONOWAI FORMATION
Rock types

The characteristic lithology is a rusty-brown weathering roundstone con-
glomerate with pebbles of metagreywacke and semischist set in a matrix of
medium to granular sand. Conglomerate beds are up to 5 m thick and only
rarely show sedimentary traction structures. Many beds are massive and lack
primary bedding features, but some exhibit internal structures such as nor-
mal and reverse grading and thin mudstone partings. The conglomerates
occur interbedded with sandstones and mudstones over a total thickness of
at least 500 m. Finer-grained lithologies between conglomerate bands out-
crop poorly away from the river sections, resulting in the impression that the
formation is conglomerate dominated; in fact, only 20—30% of the sequence
is composed of homogeneous conglomerate (cf. Aalto and Dott, 1970).
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9. Thinly interbedded wispy cross-laminated vis-silt and mud, abundantly
hydroplastically folded. Occasional 10-20 cm thick ms turbidites, One
fossiliferous graded muddy cglt 40 m above base (T, , turbidite), grading
locally to pebbly mdst (fes9).

Disoriented cglt up to 23 m thick, muddy silt matrix. Outcrops in river
bend about 15m above river bed, lensing out sharply downdip.

tses [
8

p,“ . Similar lithology as below, but hydroplastic folding becoming conspiriious.

Rotated slump-packet in thinly bedded silt-vfs and mud (similar to upper
U6 below), overlain by draped sequence of 10-30 cm thick ms (turbidites),
some with angular mdst clasts, and thin-bedded silts-muds with abundant
bioturbation including Chondrites and siliceous worm-~tubes. Beds above
obliquely truncate slump-packet to the east.

7
587,651

[¢]
pl63-4

4 m thick pebbly mdst with chaotically oriented lst blocks
Similar to upper U7 (below),

Spaced sharp-based 5-15 cm thick beds of structureless or parallel
laminated ms-cs. Beds both simply and multiply graded (?amalgamated),
some with flamed and loaded bases. Tops of nearly all sands bioturbated
against overlying mdst, itself with sand-filled Chondrites burrows and
thin (up to lem) intervals of wispy rippled fs-silt.

. 3 m thick disoriented sandy cglt at base, overlain by massive mdst with
floating pebble to boulder sized (up to 4m) detritus, including conspicuous
large blocks of concretionary 1st.  Upper part fossiliferous and faintly
laminated.

. Laminated and massive ssts similar to U5 below. Upper parts
interbedded 1-3 c¢m fs-vfs and carbonaceous silts; bimodal ripple cross-
lamination, occasionally developed into convolute folds. Base of sands
generally planar, tops undulating and mud-draped, giving lenticular and
flaser bedding. Intervedded 5-15 ¢m thick massive grey carbonaceous
mdsts, locally with thin silt partings and Chondrites burrows.

5. Traction emplaced fs-ms and wavey laminated sst and carbonaceous
siltstone, often with clay-drapes and flaser-bedding. Sand layers
sometimes pebbly, up to 2 m thick, often homogenized by abundant
bioturbation, occasionally with metre scale hydroplastic folds. Minor

4= cglt units to 2-3 m thick, including erosive basal unit of disoriented cglt
fs77 586/ @=_ with well rounded pebbles and poorly sorted muddy matrix, (Upper parts
of unit poorly exposed in moss-covered second gorge).

. Massive, tough, fossiliferous, light grey pebbly mdst with well rounded
pebbles (1-3 cm) of greywacke, quartz and rare diorite. Sharp base.

. Disoriented cglts with well rounded pebbles and abundant 1st/mdst balls,
the latter locally concentrated in granular-ves layers up to 1 m thick at the
top of cglt flow units. Cglts generally rest on knife sharp shear surfaces,
often against fissile mdst. Average pebble size 2-3 cm (up to 30 cm),
matrix poorly sorted lithic silt-sand, locally calcite cemented. 2nd cglt
from base carries large raft (6 x 2m) of laminated and flaser-bedded sand

2 — and jarositic carbonaceous muddy silts. Sand and silt layers between cglts
50m - — often lensoid, may be largely rafted or slide-sheet material (bulk of unit
T o - poorly exposed in moss-covered first gorge).
40 e
o tsas|@ . Medium grey silty mdst, massive below, silty-sandy laminae above. With
scattered concretions, locally fossiliferous.
20

. Disoriented cglts with well rounded pebbles and scattered lst/mdst clasts,
Poorly sorted sand-silt matrix, locally calcareous. Average pebble size
2~3 cm (up to 40 cm). Basal mdst shear surface; mdst and lithic sand
layers up to 50 cm thick between cglt. units.

Fig. 3. Measured section throughi the middle to upper parts of the Monowai Formation
(units 1--8) and the basal Duncraigen Formation (unit 9) in Monowai River. (Modified
alter an unpublished column by G. Morrison.)

In the well-exposed section in the Monowai River (Figs. 1, 3), the middle
parts of the formation (units 56 of Fig. 3) are dominantly fine grained and
contain shallow-marine sedimentary structures, particularly bioturbated
muddy sands and alternating flaser- or lenticular-bedded, ripple cross-lami-
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nated sands and muds. The muds are dark coloured and carbonaceous, and
contrast markedly with the thick, massive, medium-grey, calcareous mud-
stones with marine fossils that occur between conglomerate bands towards
the base of the formation (cf. unit 2 of Fig. 3.). Thus, for the Monowai River
section at least, the lower to middle part of the Monowai Formation repre-
sents a regressive sequence, with successive units representing shoaler-water
conditions successively nearer to the basin margin.

Fig. 4. Rhythmically bedded fining-upward conglomerate—sand—silt cycles of the Mono-
wai Formation at Blackmount West.
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In the cliffs at Blackmount West (Fig. 1), the conglomerates contain sedi-
mentary structures typical of traction currents, including channels, low-
angle tabular cross-beds and imbricated clasts. Furthermore, conglomerates
often grade into the overlying sand—silt lithologies, and form repetitive fin-
ing-upward cycles (Fig. 4). Such lithofacies suggest a shallow-fluviomarine
environment, most probably the top of a gravel delta on which the con-

Hydroplastically-folded laminated mdst.

Pebbly mdst with swirled internal structure and containing armoured
mudballs and patches of pebble cglt. Flamed base.

Disoriented cglt with well rounded pebbles (av. size 2-~3 cm.).

Series of units of cglt and sst , frequently slump-folded internally
and separated by thin (1-20cm) horizons of sheared mdst (sm) often
truncating bedding within units. Cglts (well rounded pebbles, av. size
2-10 cm) frequently contain mdst balls up to 0.5m diam., and have
disoriented internal fabric; ssts (ms-cs) contain floating pebbles:
rare pebbly mdsts. Interpreted as slide masses.

Blue-grey fossiliferous mdst with cc concretions.

Disoriented cglt, with sharp planar base, and containing spherical

ol

fé’p%‘ggog cc-cemented patches up to 1m diam.

o

e A Bedded ms-cs.
s ,;ea ECR=] Cglt (pebbles rounded, ave.size lcm)with cc-cemented patches up to
;"" "g Ly \.‘," Im, and inclusions of fossiliferous mdst up to 0.5m diam near base.
DSHNABR VD2 Coarse disoriented cglt (pebble size 5¢cm av.).

) Feldspathic ms-cs.
V"ﬂo.o 44, Disoriented coars 1t (pebble size & )
000/0“'&“0 o arse cg pebble size Scm av.).

0

Blue-grey fossiliferous mdst.

Cglt; sharp base, pebbles show imbricate structure.

Blue~grey mdst.
Disoriented coarse cglt; pebble size 3-5cm av.

Pebbly mdst.

Disoriented coarse cglt , pebbles up to dm, av. size S-cm; thin
discontinuous ms-cs lenses; mdst clasts up to 30cm; cc
cemented patches up to lm diam.

Pebbles show signs of fracturing and crushing.
Distal Flysch (U. McIvor Formation)

Fig. 5. Measured section through the basal Monowaj Formation on the south bank of the
Waiau River, east of the Borland Burn junction.
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As Z below.
grades up to
Similar to middle parts of bed 6 below, but sandier.
grades up to
As X Dbelow.
SHARP CONTACT

2 0<”£‘/”5’ .

oGl

Lot
Qo

Loouy uch Massive granular-ms with scattered pebbles up to 10 ¢cm diameter.
5“55:3; B0 S grades up to

KPR Reverse graded cglt,  Average pebble size 1-2 cm at base, 4-5 ¢m
250 (and up to 15 cm) above, scattered mdst clasts., Pebble layer at base.

I

SHARP CONTACT
Coarse poorly sorted cglt. Well rounded pebbles average 5-10 cm
(up to 30 cm), some with long axes oriented subparallel to bedding;
1st concretinn clasts.

SHARP CONTACT

Slurry~imbricated cglt. Pebbles average 3-5 cm (up to 15 cm).
7m by 3 m raft of laminated sst towards top.

grades up to

Coarse, disoriented, crudely graded cglt with well rounded pebbles,
average diameter 5-10 cm (up to 20 cm).  Similar to X below.

8 m obscured (cglt float)

Moderately sorted pebble cglt. Pebbles average 2-3 ¢cm (up to 8cm),

well rounded, disoriented at base, subparallel to bedding near top.

: Similar to unit 1 below. 2m by 30 cm raft of sandstone.
SHARP PLANAR CONTACT

As Z Dbelow.

grades up to

Similar to Y below, but pebbles more common and with floating clasts
of mdst and flysch up to 1 m by 20 cm,

16 m partly obscured (coarse bouldery cglt float)

Slurry-folded sandy mdst with scattered rounded pebbles up to 3cm diam,
Folds generally with wavelength and amplitude of 1-2 m.
grades up to

z

3 Structureless pebbly muddy fs with scattered rounded pebbles, average
T 40m Y size 1-3 ¢m (up to 10 ¢cm),  Slurry-folds occasionally visible near top.
grades up to
Very coarse, chaotically oriented graded cglt with well rounded pebbles
X in muddy sand matrix, Average pebble size 3-5 cm (up to 25 cm).
3o SHARP UNDULATING CONTACT
2 Disoriented cglt with well rounded pebbles in muddy sand matrix.
_________ Average pebble size c.3 cm (up to 10 ¢m), mdst balls up to 10 ¢m diam.
| 20 23 m obscured (cglt and pebbly mdst float)

Well rounded moderately well sorted disoriented pebble cglt, average
pebble size 1-2 cm with rare larger pebbles up to 8 cm. Silty-sandy
matrix; randomly oriented clasts of mdst or flysch (contorted) up to 20
cm long.

PLANAR CONTACT

BORLAND BURN MEMBER., Alternating beds of 2-5 cm graded
vis-silt and calcareous mudstone (Bouma T,_,and T, turbidites), with
some bioturbation and scattered 1st concretions. One sharply bounded
lithic ¢s-vcs with mdst clasts up to 10 cm diameter.

Fig. 6. Measured section through the basal Monowai Formation on farm track on the west
side of Conglomerate Ridge.
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glomerates and sands represent channel fills, and silts and muds overbank
deposition.

Structural complications (cf. Fig. 1) make it difficult to be sure of the
precise equivalents of the deltaic facies further to the south, but the most
likely interpretation is that the deltaic sediments of Blackmount West grade
laterally into the shallow-marine (?delta front) sediments represented by
units 5—6 of the Monowai River sequence (Fig. 3). Hence (1) a broadly
regressive, or distal—proximal upwards, sedimentary pattern probably char-
acterises the Blackmount West section, similar to that inferred for the
Monowai River section; and (2) a proximal (in the north) to distal (in the
south) lateral trend is also indicated, at least for the middle parts of the for-
mation.

Contacts

The basal contact of the Monowai Formation is well exposed at three
localities (cf. Figs. 5, 6). In all cases the contact is a knife-sharp sedimentary
shear plane, with redeposited conglomerate resting on typical terrigenous
flysch of the Borland Burn Member of the MclIvor Formation (Fig. 7). Bed-
ding above and below the contact is strictly parallel. Thus the arrival of the

Fig. 7. Basal unit of the Monowai Formation, west side of Conglomerate Ridge (unit 1 of
Fig. 6). Sharp contact against muddy flysch of the Borland Burn Member of Mclvor For-
mation. Hammer = 80 cm.
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first redeposited conglomerate of the Monoway Formation marked a sudden
change in the regional sedimentary regime.

In contrast, the upper parts of the Monowai Formation pass gradually up
into terrigenous flysch of the overlying Duncraigen Formation (cf. Fig. 3).
The upper parts of the Monowai River (units 7—8) and Blackmount West
sections show the reappearance of redeposited conglomerates above the in
situ traction-emplaced deltaic facies, and above these conglomerates the sec-
tion rapidly passes into thick terrigenous flysch.

Fossils

The flysch that underlies (Mclvor Formation) and overlies (Duncraigen
Formation) the Monowai conglomerates contains diverse foraminiferal
assemblages and deep-water benthic invertebrate assemblages. Turrid gas-
tropods comprise a conspicuous and dominant part of the benthic fauna.
The mudstones interbedded low in the Monowai Formation yield a some-
what poorer microfauna, while fossils are generally lacking in the middle and
upper parts of the formation. The combined faunal evidence suggests a Mid-
dle Miocene (Clifden—Lillburn Oppelzone) age.

The richest macrofauna within the Monowai Formation occurs in a pebbly
mudstone (unit 4) in the Monowai River section. Thick-shelled shallow-water
molluscs predominate, including Glycymeris and Tropicolpus. The shells are
somewhat worn and battered, bivalves are present as single valves, and the
fauna has clearly been transported from its original habitat. A similar fauna,
but including Struthiolaria, occurs rarely in penecontemporaneous mudstone
or limestone clasts within thick conglomerate beds. Otherwise, the sole fauna
seen in the conglomerate beds themselves is a single valve of the large ostreid
Pycnodonte (middle parts of the formation at the south end of Conglomer-
ate Ridge), and two probable Ophiomorpha burrows (amongst the slide-sheet
complexes of the middle part of the formation on Conglomerate Ridge; see
page 313).

Thus the faunal evidence is consistent with the Monowai Formation repre-
senting shallow-water sediments that were prograding out into basinal, open-
marine environments. The paucity but not absence of macrofauna, in partic-
ular, is good supporting evidence for the fluviomarine environments of depo-
sition already inferred on sedimentological grounds.

Environment of deposition

The faunal and sedimentary evidence described above is perhaps open to
two alternative interpretations; either the Monowai Formation accumulated
as a deep-marine fan, or on a shallow-marine delta and delta slope. Subma-
rine fan-type sedimentation is well developed in the formations above and
below the Monowai conglomerates, particularly in the Blackmount Forma-
tion (cf. Fig. 2; also Carter and Norris, in prep.). We wish to emphasise,
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therefore, that the Monowai conglomerates are unlike typical fan sediments
in several important ways, notably (1) comprising much thicker sequences of
conglomerate than is typical of fan-channel situations; (2) containing appre-
ciable amounts of traction-emplaced sediment, some of which contains
structures such as flaser bedding, typically of shallow-water origin; and (3)
containing appreciable numbers of large shallow-marine benthonic orga-
nisms, coupled with an absence of the deep-water faunas that characterise
the formations above and below.

With this evidence in mind, we prefer an interpretation of the Monowai
Formation as a delta and delta slope deposit.

Provenance

The clast assemblage of the Monowai Formation (Fig. 8A) is dominated
by fine to medium grained volcanogenic metagreywackes and microbreccias
(“‘chipwackes’’) with appreciable but lesser amounts of slightly higher grade
subschistose metasediment. Associated minor rock types include black or
maroon argillites and vein quartz. Many metasedimentary pebbles have veins,
usually combinations of quartz, epidote and pumpellyite. Porphyritic basic
volcanics are absent and though some leucogranite/leucogneiss clasts occur
they are extremely rare (one clast only occurring in quadrat pebble counts
that totalled 500 pebbles). All clasts are fresh and of flinty hardness (sub-
schistose pebbles are somewhat crumbly but this probably reflects recent
weathering in the outcrop), and rounding is generally well advanced. Clast
sizes in excess of 15 cm are rare and the average pebble size lies in the 2—10

greywacke

(A)
B)

Fig. 8. A. Pebble-count data from the Monowai Formation. B. Directional slope indica-
tors (hydroplastic folds, flames) from the Monowai Formation.
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cm range. These textural criteria combine with the petrographic to indicate a
relatively distant source area for the Monowai Conglomerates. Directional
data (Fig. 6b) are not abundant but imply a northwest to southeast palaeo-
slope (flame structures and hydroplastic folds).

The clast assemblage of the Monowai Formation is representative neither
of the high-grade plutonic/metamorphic terrain of Fiordland to the west,
nor of the intermediate volcanic terrain of the Takitimu Mountains to the
east, but matches in almost every detail lithologies in the low-grade meta-
greywacke belt that flanks the south of the main schist belt of the Rangitata
Orogen to the north (Fig. 1). We conclude, therefore, that the dominant
provenance area for the Monowai conglomerates was the South Otago—
Nelson Metagreywacke Zone (Carter et al., 1974, Caples “Group” of many
earlier writers), a source area at closest 50 km north and east of Blackmount.
This inference is supported by the fact that the Monowai Formation is not
known to occur south of Blackmount, but is present and has an identical
clast assemblage at localities between Blackmount and the metagreywacke
zone.

Summary

The Monowai Formation represents the deposits of a gravel delta system
that prograded from the north into the Blackmount flysch basin. The
deposits of this prograding wedge of ‘“‘molasse’” reached Blackmount in the
Middle Miocene (Clifden Oppelzone), after which further basin depression
took place and resulted in the replacement of shallow-fluviomarine sedi-
ments (parts of the Monowai Formation) by further flysch-basin deposits
(Duncraigen Formation). For a brief period in the Middle Miocene the delta-
front slope in front of the prograding Monowai Formation was located at
Blackmount, and the Monowai Formation at Blackmount is therefore largely
made up of proximal redeposited conglomerates. These redeposited con-
glomerates are described in more detail below.

THE REDEPOSITED CONGLOMERATES OF THE MONOWAI FORMATION
Theoretical depositional models

Proximal mass-transport mechanisms include a complex spectrum of lami-
nar, pseudolaminar and perhaps turbulent suspension processes, (cf. Dott,
1963; Johnson, 1970; Carter, 1975), and they will therefore require a variety
of depositional models for their characterisation. Yet one of the major prob-
lems in the description of coarse-grained redeposited sediments is the lack of
widely applicable descriptive-genetic models (cf. Davies and Walker, 1974).
The problem is highlighted by the appearance of three recent papers (Aalto
and Dott, 1970; Rocheleau and Lajoie, 1974; Davies and Walker, 1974)
which describe characteristic sequences of internal bedforms in redeposited
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conglomerates, yet these bedform sequences differ widely from one suite of
conglomerates to another. It is therefore clear that there is no single, simple,
universally applicable Bouma sequence analogue that can be applied to
coarse-grained redeposited sediments. Since our field data generally do not
easily fit previously described depositional models, and since some beds
within the Monowai conglomerates apparently contain their own character-
istic sequences of internal bedforms, we distinguish below three major types
of conglomerate or conglomerate—sand—mud facies, describing them in
inferred depositional order from most distal (first) to most proximal (last).

Ungraded homogeneous pebble conglomerates

These beds are generally well sorted and comprise chiefly 1—3 cm diam-
eter well-rounded pebbles. (Fig. 7). Scattered larger clasts up to 8 cm long
generally have their long axes parallel with the bedding; penecontemporane-
ously derived chunks of mudstone and flysch 5—20 cm long and often hy-
droplastically contorted also occur, together with rare larger rafts of sand-
stone or flysch up to 2 m long. The constituent pebbles are set in a matrix of
muddy sand, and often show a marked parallelism between clast long-axes
and bedding. Beds of this facies rarely exceed 3 m in thickness, and may
have knife-sharp bases (Fig. 7).

Extremely similar, if not identical, redeposited conglomerates have been
described by Aalto and Dott (1970) under the heading Ungraded Pebble
Deposits. At Blackmount they occur mainly in the lower parts of the Con-
glomerate Ridge sequence (units 1 and 5 of Fig. 6).

Interpretation. The ungraded nature of the homogeneous pebble conglomer-
ates renders it unlikely that they were transported in fully turbulent suspen-
sion. The textural criteria, particularly the parallelism of clasts and bedding,
indicate a laminar shearing mode of deposition, and we thus infer that these
beds were emplaced by inertia flow. Mixing during transport was clearly suf-
ficient to destroy any sedimentary structures on grain-size differentiation
produced during the original (shallow-water) deposition of the bed. The pres-
ence of mudstone clasts indicates erosion of the seafloor over which the
inertia flow was travelling, and the generally knife-sharp basal contacts sug-
gest that en-bloc sliding accompanied the final stage of bed emplacement.

Graded conglomerates—sands—muds (X—Y—Z sequences)

The conglomerate—sand—mud beds are generally normally graded and
contain a characteristic sequence of internal structures associated with the
gradually declining grain size upwards through the bed. This sequence of
internal structures, here formalised as an X—Y—Z sequence, is broadly anal-
ogous to the Bouma sequence as seen in typical turbidites.

X—Y—Z sequences are between 5 and 10 m thick and comprise three main



Fig. 9. Photographs of a typical X—Y—Z conglomerate—sand—mud cycle (hammer in all
cases 80 cm long; beds dip to left at ca 30°).

a. Bouldery conglomerate of X-division rests sharply upon underlying conglomerate,
hammer head on contact (unit 2—3 contact of Fig. 6).

b. Slurry-imbricated conglomerate as seen in the upper part of some X-divisions (middle
part of unit 6 of Fig. 6).
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c¢. Pebbly mudstone of Y-division (unit 3 of Fig. 6).
d. Slurry-folded sandy mudstone of Z-division, sharply truncated by overlying conglom-
erate (unit 4—>5 contact of Fig. 6).
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subdivisions, usually of roughly equal thickness (Fig. 6). The basal X-division
consists of coarse, chaotically bedded, grain-supported, bouldery conglomer-
ate (Fig. 9a). The pebbles are well to very well rounded and range from 3 to
10 cm in diameter; rare clasts may reach 30—40 cm in diameter, and the
interclast matrix is a poorly sorted, muddy, lithic sand. The base of the X-di-
vision is invariably sharp, either planar or gently undulating on a wavelength
of 20—50 cm and amplitude of 5—10 cm (Fig. 9a). The basal metre or so of
the X-division generally contains a concentration of larger 10—20 cm diam-
eter pebbles (i.e. the division itself is graded) which may show some ten-
dency for long-axis alignment parallel to the bedding. The middle and upper
parts of the X-division generally comprise somewhat better-sorted and finer-
grained conglomerates (average clast size 3—6 cm), passing from chaotically
oriented and unbedded conglomerates up into conglomerate in which the
long axes of the clasts display ‘‘slurry imbrication”, i.e. define swirly folds
related to hydroplastic deformation at the moment of emplacement (Fig.
9b). Though penecontemporaneously derived clasts and rafts of soft sedi-
ment may occur at any level within the X-division, they are more common in
the upper parts where rafts of sandstone may reach 7 m in length; most such
clasts show soft-sediment (hydroplastic) deformation. The Y-division (Fig.
9c), a classic pebbly mudstone or pebbly sandstone in the sense of Crowell
(1957), gradationally overlies the X-division. Rounded 1—3 cm diameter peb-
bles (more rarely up to 10 cm) float in structureless, homogeneous grey
mudstone, sandy mudstone or (more rarely) sandstone. The passage to the
Z-division is again gradual, being marked by a decline in the number of peb-
bles and the concomitant appearance of large hydroplastic folds of about
1—3 m wavelength and amplitude (Fig. 9d). These folds are usually particu-
larly conspicuous at the top of the bed where they are sharply truncated by
the overlying redeposited bed.

The intra-bed X—Y—Z changes are gradational and, as in the case of the
Bouma turbidite sequence, they represent a notional or ideal sequence.
Though some beds show a full X—Y—Z sequence, in others either the upper
or lower parts are absent. For instance, some fairly thick (up to 3 m) homo-
geneous conglomerate layers show a slurry imbrication towards their base
that parallels large flame structures developed on top of the underlying finer-
grained sediments (Fig. 10); though possibly a discrete type of mass flow,
these beds are provisionally interpreted as Y—Z (i.e. base absent) sequences.

Fig. 10. Slurry-imbricated conglomerate unit at ridge crest at north end of Conglomerate
Ridge. Hammer = 80 cm long.

a. Conglomerate is 4 m thick and has irregularly flamed base against the underlying sand
unit; overlain at top right-hand side of outcrop by a small conglomerate slide packet.
View northwest, palaecoslope component from left (north) to right.

b. Detail of large flame structure drawn out from the underlying sand at the base of the
conglomerate unit of Fig. 10a. Note subparallelism of pebble long axes with the outlines
of the flame.
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At least four superposed X—Y—Z sequences occur along the western foot
of Conglomerate Ridge (Fig. 6), and one such unit occurs at the top of the
measured section along the Waiau River (Fig. 5). Similar conglomerate
sequences have been recorded by Scott (1966; though not, of course, as
X—Y—Z sequences) from the Laga Sofia conglomerates in a Cretaceous
flysch sequence in Chile. Scott’s columns show that up to seven superim-
posed conglomerate—sand—mud sequences may occur, cumulatively totalling
as much as 40 m in thickness; one individual X—Y—Z sequence apparently
attains a thickness of 30 m (Scott, 1966, fig. 28).

Interpretation. In spite of the very coarse grain sizes and the large bed thick-
nesses involved, the development of both distribution and coarsetail grading
shows that the X—Y—Z sequences were emplaced from relatively mature
mass flows which had travelled far enough to allow considerable sorting and
differentiation of grain sizes during transport. To many geologists, this
strongly developed grading would represent prima-facie evidence for
emplacement by turbidity currents. Whilst conceding this possibility, we
agree with Scott (1966) that other possibilities should be considered.

The presence of hydroplastic folds in the Y- and Z-divisions demonstrates
that the final emplacement involved viscous or plastic sediment movement.
The alignment of pebbles in the upper X- and Y-divisions around the outlines
of such hydroplastic folds indicates that the immediately preceding stage of
transport was by some type of flow (?laminar or pseudolaminar) which was
able to produce the orientation of pebbles parallel to flow streamlines. It
could perhaps be argued that the broadly graded nature of the bed was pro-
duced during an earlier dominantly turbulent phase of transport (cf. Davies
and Walker, 1974). However, the Z-layer at least is most unlikely to have
ever been in turbulent suspension, since it could not have settled in time to
allow its hydroplastic deformation with the X—Y layers (unless this hap-
pened by post-depositional creep, for which we lack any other evidence).
Together with the conspicuous lack of any traction fallout structures in the
X—Y layers, this argument persuades us that the X—Y—Z sequences were
most probably transported and emplaced by inertia flow.

The conclusion that X—Y—Z sequences were deposited from inertia flows
rather than turbidity flows implies that well-developed normal grading can
originate during laminar or pseudolaminar mass transport. It is well estab-
lished that differentiation of grain sizes may take place during laminar mass
transport, for example the sorting of larger clasts to the top and front of a
debris flow (cf. Johnson, 1970), but such processes have generally been
inferred to result in inverse rather than normal grading (e.g. Fisher, 1971).
However, both experimental and detailed field data are scanty, as witnessed
by the numerous competing explanations for the production of dispersive
pressure (and thus characteristic intra-bed textures) in a laminar mass flow
(see summary in Carter, 1975). In the present state of knowledge, it remains
possible that one or more intra-flow mechanisms may produce normal grad-
ing in an inertia flow.
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Though our field data suggest that some inertia flows produce well-devel-
oped normal grading, it is not clear by what precise means such grading is
produced. Simple gravity settling of the largest boulders to the base of the
flow may play a part, but the proper resolution of this problem must await
more detailed field studies and experimental work.

A further interesting implication of the X—Y—Z sequence is the demon-
stration that some pebbly mudstones comprise a repetitive division within an
intrabed sequence characteristic of redeposited conglomerates. Crowell’s
(1957) hypothesis of slumping and mixing of gravel and mud, but without
sufficient fluidity for the settling of the pebbles, remains broadly valid, but
for those pebbly mudstones found within an X—Y—Z sequence there has in
fact been very considerable settling of the pebbles through to the basal X-di-
vision. Many pebbly mudstones that apparently occur “randomly” in coarse
redeposited facies may therefore represent base and/or top absent (X)—Y—
(Z) sequences (e.g. unit 4 of the Monowai River section, Fig. 3; many exam-
ples in Crowell, 1957, and Scott, 1966).

Excellent examples of base-truncated sequences (though not directly
interpreted as such) have been presented by Scott (1966, p. 98): “lateral
change from a unit consisting of graded conglomerate in the lower part and
pebbly mudstone at the top to a bed consisting only of pebbly mudstone is
common. If traced further, one pebbly mudstone may lose all clasts, becom-
ing a structureless bed of mudstone or sandy mudstone containing contorted
layers of sandstone’’; and Scott’s figured example (figs. 28—29) shows a 30
m thick X—Y—Z conglomerate—mudstone sequence passing distally to a 6 m
thick homogeneous pebbly mudstone over a distance of 6 km. Scott’s
description and figures demonstrate that these lateral facies changes take
place by the successive disappearance of the lower parts of the bed in a
downtransport direction; there is thus a direct analogy to be drawn with the
changes that take place in turbidites as one goes from proximal (Bouma a or
b based cycles) to distal (¢ or d based cycles).

Slide-sheet conglomerates

Towards the middle of the Monowai Formation, above the main develop-
ment of full X—Y—Z sequences, conglomerate beds begin to show thin
intrabed synsedimentary shear zones, often demarcated by one to a few cen-
timetres of lithified mudstone. These shear surfaces first appear in extremely
poorly sorted, homogeneous, muddy or sandy conglomerates, the bases of
which show large flame or drag-fold features against the underlying finer-
grained sediment (Fig. 11). Characteristically, beds with internal shear planes
of this nature show a strong alignment of the long axes of constituent peb-
bles parallel to the shear partings, and are characterised by poor sorting (Fig.
12).

Still higher in the sequence the full development of slide sheets is seen.
Individual sheets are generally 2—10 m thick and 20 to at least 100 m long.
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Fig. 11. Flamed contact between a conglomerate bed and underlying massive calcareous
mudstone. Note incorporation of material from concretionary limestone layers in the
mudstone into the base of the conglomerate, and the presence of mudstone shear partings
within the conglomerate (upper left) (base of conglomerate packet 80 m above base of
Waiau River Section, Fig. 5).

Fig. 12. Internal shear planes within a conglomerate, accentuated by subparallelism of
long axes of clasts and spaced mudstone partings. Hammer = 80 cm long. Outcrop at foot
of power pylon, north end of Conglomerate Ridge.
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Fig. 13. Slide sheef of conglomerate overlying mudstone unit. Colour mottling in mud-
stone indicates increasing shear strain towards base of slide sheet. (Waiau River Section.)

(Drawn from a photograph.) Black: calcareous mudstone.
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Fig. 14. View of Conglomerate Ridge from near Monowai township. Base of Monowai
conglomerate at extreme right edge of photo (measured section of Fig. 6). Note incon-
sistency of dip of individual slide sheet in gully to right centre of photograph. Positions of

other relevant figures indicated.



310

Fig. 15. Rotated slide sheet of conglomerate resting with sharp slide surface against upper
parts of underlying conglomerate cycle (see Fig. 16 for detail). Hammer = 80 cm long.

They are demarcated below by a sharp planar shear surface, often coincident
with a thin zone of sheared, lithified mudstone; less commonly shear sur-
faces are developed within an individual sheet. In a few examples, where the
mudstone below is fairly thick, a progressive shear strain is developed in the
top of the mudstone as the base of the overlying slide sheet is approached
(Fig. 13). Many of the slide sheets were rotated during final emplacement,
resulting in the internal fabric making angles of up to 30° with the true bed-
ding. The generally small size of individual slide sheets makes it impossible to
trace individual bedding features far along strike. What look like strike ridges
underlain by more or less homogeneous conglomerate units (cf. Fig. 14) are
in fact horizons made up of numerous individual conglomerate slide-sheets.
Redeposited conglomerates with sharp bases similar to those interpreted here
as shear surfaces (Figs. 15—17) have been figured by several authors (e.g.
Scott, 1966, fig. 22; Tyler, 1972, fig. 9).

Rock types within the slide sheets are similar to those already described
from lower in the formation, though the finer-grained phases are dominated
by medium to coarse lithic sand rather than mud and the intraslide-sheet
organisation is generally irregular. Bedding within slide sheets is partly accen-
tuated by layers of differing sand—conglomerate grain sizes, but particularly
by a strong parallelism of clast long axes (cf. Fig. 12); similar fabrics have
been described or figured by many authors (e.g. Tyler, 1972, fig. 9; Hendry,
1972). Though this pebble orientation is sometimes subparallel to the slide



311

Fig. 16. Detail of Fig. 15, showing upper parts of lower conglomerate unit. Pebble con-
glomerate grades up through granular to coarse sand, to an horizon of penecontempo-
raneously derived mudstone balls (cf. Fig. 19).

surface at the base of the sheet, it is more usually rotated and butts into the
basal slide surface at angles of up to 30° (cf. Gennesseaux, 1966, fig. 19). In
these cases, as for the slide sheets in sand-grade sediments described by Laird
(1968), the very closest examination is required in order to show that the
oblique surfaces are not traction cross-bedding (cf. Figs. 15, 17—18). Many
previous investigators of redeposited conglomerates have stressed the general
lack of features indicative of traction-current activity, yet have nonetheless
recorded ‘‘cross-bedding’’ in coarse conglomerate phases. Our experience at
Blackmount leads us to expect that much of this ‘“‘cross-bedding’’ is rather a
result of slide-sheet rotation of an original fabric developed parallel to the
true bedding (e.g. Piper, 1970; Hendry, 1972, fig. 11; Stanley and Unrug,
1972, fig. 33; and cf. our Figs. 15—18 and Gennesseaux, 1966, fig. 19). We
have insufficient data to generalise as to the sense of rotation of individual
slide packets during final emplacement, and examples of both backward and
forward rotation apparently occur.

Varying and usually irregular organisation of sand—conglomerate layers
and lenses is seen within individual slide packets (Fig. 17). In some cases,
however, there is a tendency for a regularly organized sequence of internal
structures, somewhat analogous to the X—Y—Z sequences described from
lower in the sequence (Fig. 19a). In the typical case 70—90% of the thick-
ness of the sheet is occupied by a homogeneous, poorly sorted conglomerate
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Fig. 17. Field sketch of several superposed slide sheets in a typical outerop in the middle
of the Conglomerate Ridge section.
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or sandy conglomerate (2—10 cm pebble diameter), containing mudstone
clasts and bounded below by a sharp shear surface. The conglomerate grades
swiftly up through pebble conglomerate (pebble size 1—3 cm) to a granular
sand with scattered pebbles. The top part of the bed (Fig. 16) invariably

Fig. 18. Upper parts of a probable slide sheet within which is preserved pre-sliding sedi-
mentation features. Note lateral continuity of graded conglomerate-sand beds, but that
some beds (e.g. just above hammer head) are locally internally mixed and disrupted.
Uppermost conglomerate unit is probably a rotated packet of parallel bedded congiomer-
ate. Hammer = 80 ¢cm long.
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SLIDE SHEETS X-Z CYCLES
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pebbly mudstone/sandstone

poorly sorted coarse cglt )
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Fig. 19. Idealised sequences seen within (left) more mature slide sheets, and (right) typi-
cal X—Y—Z sequence.

consists of a zone of subangular to well rounded mudstone clasts, some
deformed, in a matrix of sand, sometimes pebbly. Somewhat similar poorly
graded conglomerate—sand units have been described from the Jurassic brec-
cias of the Nappe de la Breche in the European Alps (Kuenen and Carozzi,
1953; Hendry, 1972), and from Kulm greywackes in Germany (Kuenen and
Sanders, 1956). Occasionally (e.g. at the base of unit 3 of the Monowai
River section; cf. Fig. 3), large rafts of sediment which retain traction struc-
tures may be preserved in the upper levels of such a slide conglomerate (fig-
ure in Carter and Norris, in prep.; and compare with Scott, 1966, fig. 23).

Some slide sheets retain bedding features that are probably related to the
phase of sediment deposition immediately preceding the mobilization of the
slide sheet. Such bedding features are generally preserved towards the top of
a slide sheet (Fig. 18), and therefore they might be viewed as present within
a raft similar to that just described from the Monowai River Section. How-
ever, these occurrences are in fact significantly different in that the upper
parts of the sheet grade down into the underlying more homogeneous (but
redeposited) conglomerate. The features residual from the previous sedimen-
tary cycle comprise 50—100 cm thick units of graded conglomerate—sand,
conspicuously uniform in thickness across 20 m of outcrop (Fig. 18). Bases
are sharp, defined by concentrations of pebbles up to 5 ¢cm in diameter. The
conglomerate layer generally grades up to massive, faintly paralle! laminated
(rarely low-angle cross laminated) medium lithic sand with rare floating peb-
bles and mudstone clasts. In one instance only, the junction between the
sand and conglomerate parts of such a bed apparently has burrows (?Ophio-
morpha) penetrating down from the top of the conglomerate, suggesting a
distinct (and ? traction) emplacement for each of the conglomerate and sand
layers. In the same sheet, a steep-walled, conglomerate-filled channel, 2 m
deep and 5 m wide, is cut into the graded conglomerate—sand layers.
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The grading, lack of conspicuous pebble imbrication and constancy of bed
thickness of many of these graded beds make it unlikely that they were trac-
tion emplaced, and we infer deposition from proximal turbidity or fluxo-
turbidity currents. Thus in their present occurrence at least some of these
graded conglomerate—sand beds are re-redeposited sediments, and a signal
warning of the complexity of processes involved in proximal mass-trans-
ported facies.

Interpretation. A considerable literature exists on the description and inter-
pretation of synsedimentary slide sheets, though most earlier writers have
described features very much larger than those of the Monowai Formation,
and have been primarily concerned with the “tectonic” rather than the sed-
imentary implications (Baldry, 1938; Barrington Brown, 1938; Beets, 1946;
Kugler, 19583). Features of similar size to the Monowai Formation slides but
in mostly sandgrade sediments have been described by dJones (1939) and
Laird (1968). The experimental work of Rettger (1935) and the Recent
slides described by Becker (1916) also involved fine-grained sediment, and
the only detailed descriptions of small-scale slides in coarse sediments are
apparently those of the breccias of the Nappe de la Bréche (Lemoine,
1967), and the most important descriptions and figures of Recent small-scale
slide conglomerates in submarine canyons off Nice (Gennesseaux, 1966).

Most recent authors have followed the thesis of Dott (1963) and Morgen-
stern (1967) that submarine slides and slumps represent one end of a whole
spectrum of subagueous mass-transport processes. However, some writers
have laid stress on the “mudflow’ aspect of subaqueous mass movements
(e.g. Dorreen, 1951; Shepard, 1951), and in the event of sediment mobilisa-
tion by spontaneous liquefaction or thixotropic change there is probably no
preliminary stage at which the moving mass behaves as a ‘rigid’’ block
bounded below by a single shear surface. Thus we may envisage at least two
different ways in which most proximal mass-transported sediments are mobi-
lised: (1) where initial failure is confined to a single shear plane, or to a nar-
row shear zone, on top of which travels a ‘“rigid”’ raft of sediment; and (2)
where initial failure is by liquefaction or thixotropy, when the sediment
passes directly into a highly mobile inertia flow. Further transport of the
sediment raft produced by an initial single shear failure ((1) above) will
result in the homogenisation of its original internal stratigraphy by two main
processes: (1) the development of multiple small-scale gravity faults at a high
angle to original bedding (cf. Becker, 1916); and (2) the development of dis-
tributive internal shear subparallel to original bedding. By either or both of
these mechanisms the originally ‘rigid” slide sheet is transformed into an
inertia flow similar to one that may be produced directly by liquefaction or
thixotropy ((2) above). With further transport, such an inertia flow may
evolve its own characteristic assemblage of internal structures and fabrics and
eventually (ex-hypothesi many authors) pass into a fluxoturbidity or tur-
bidity current.
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The Monowai conglomerates provide support for the validity of such a
model of slide-sheet evolution. The regional and stratigraphic setting of the
slide sheets, together with their characteristic assemblage of features, points
to deposition on a subaqueous marine slope, probably the frontal slope of a
gravel delta. The processes by which initial mass-failure takes place in such
environments have been well discussed by a number of authors (e.g. Morgen-
stern, 1967; Klein et al., 1972). Though the submarine slope involved at
Blackmount may have been moderately steep, such steepness is not a pre-
requisite for the development of slide-sheets (Kuenen and Migliorini, 1950
and Lewis, 1971 have shown that sliding may develop in unconsolidated
beds on slopes as little as 1°), though it may be a necessary precondition for
the evolution of such slide sheets to more mature forms of mass transport.

Spontaneous liquefaction phenomena are most widespread in silt-grade
sediments (Terzhagi, 1955), and most unlikely to occur in gravel or con-
glomerate. Therefore, the most likely cause of initial slide-sheet movement at
Blackmount is the loading, and consequent failure by liquefaction, of the
siltstone or mudstone that ubiquitously occurs beneath the Monowai slide
sheets (cf. Crowell, 1957). As well-sorted pebbly sediments have little or no
cohesion, it is likely that such a slide sheet would have been transformed rap-
idly into an inertia flow by the processes discussed above. Strata of sand/
mud grade within the conglomerate sequence generally possessed a higher
cohesion, and are therefore often present within the remobilised conglomer-
ates as rafts within which original sedimentary (traction) structures are pre-
served.

Within the Monowai slide sheets that preserve pre-sliding sedimentation
structures (cf. Fig. 18), these are locally disrupted into patchy aggregates of
mixed gravel—sand. Such local disruption probably marks the start of the
homogenization of the entire bed by the development of laminar shear
within the moving slide sheet (Fig. 12). Further transport led to full litho-
logic homogenization, followed by the development of secondary grain-size
segregations, particularly normal grading (Fig. 19a). By this stage the mass
was moving fast enough to erode the sea floor, the mudstone clasts so incor-
porated floated to the top of the flow (cf. Fig. 16), and pebbles throughout
the bed often became oriented parallel to pervasive shear planes. When flows
at this stage of evolution deposited, final deposition involved sliding along
the sea floor with concomitant rotation of the whole packet, giving rise to an
acute angle between the pebble orientation and the basal slide surface (cf.
Figs. 15, 17; Gennesseaux, 1966; Williams et al., 1965). If, on the other
hand, transport continued beyond this stage, and if sufficient mud was pres-
ent in the flow, then successively more mature (differentiated) beds resulted
until finally the typical X—Y—Z graded sequence was produced (Fig. 19b).
For the more mature flows, conditions were such that final deposition of the
sediment took place without the development of basal slide surfaces (cf.
Figs. 9—11).

Since the more mature mass-transported conglomerates are inferred to
have travelled some distance from source, it is perhaps surprising that there is
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not more of a tendency for the development of typical turbidite structures
in the Monowai conglomerates. Two explanations are worth discussing: (1)
that sediments in the gravel-size ranges are too coarse grained to ever attain
fully turbulent suspension (but note that Davies and Walker (1974) inter-
pret conglomerates of this type as largely deposited from turbidity currents);
or (2) that there has been an overemphasis on the gradation to be expected
between proximal (slumping—sliding—inertia flow) and distal (fluxotur-
bidity—turbidity currents) mass-transport processes (cf. Dott, 1963; Morgen-
stern, 1967); the concept of a sudden hydraulic jump into the turbidity cur-
rent phase may be more accurate (Van Andel and Komar, 1969), and it may
be that none of the Monowai flows passed this critical barrier.

The general lack of evidence for turbidity currents is also significant in so
far as it bears on the origin of the pebbly mudstones at Blackmount. Crowell
(1957) argued for mobilisation of pebbly mudstones when ‘‘unstable gravel
layers are laid down by turbidity currents on water-soaked mud’’. Our evi-
dence rather supports the viewpoint of Stanley and Unrug (1972) and Gennes-
seaux (1966), that the original juxtaposition of gravel and mud is due to
ordinary nearshore traction processes and that turbidity currents per se are
not involved in the origin of most pebbly mudstones.

CONCLUSIONS

(1) The Monowai Formation conglomerates contain a variety of sedimen-
tary features that together indicate deposition in delta-top and delta-slope
environments. Regional stratigraphic and provenance data indicate that the
Monowai conglomerate delta prograded from the north into a major marine
flysch basin.

(2) The conglomerates that were deposited on the delta-slope were em-
placed by a variety of subaqueous mass-transport mechanisms. A complete
gradation exists between synsedimentary slide sheets within which pre-slid-
ing sedimentation structures are preserved, and more mature mass flows
which have developed their own internal sequence of structures during
transport and deposition.

(3) By contrast with other described occurrences of redeposited conglom-
erates, there is a relative absence of reverse grading and pebble imbrication
(as opposed to orientation parallel to pervasive shear planes or hydroplastic
fold outlines) within the Monowai conglomerates.

(4) The more mature members of the mass-flow spectrum are variable, but
have in common a more or less well-developed normal grading. This is the
only feature seen which suggests that any of the Monowai conglomerates
approached the turbidity-current end of the spectrum of subaqueous mass-
transport processes. It is not established that such grading unequivocally
requires emplacement by turbidity currents. All other features of even the
most mature conglomerates are rather consistent with emplacement from
varying types of slide sheet or inertia flow.
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(5) An internal sequence of bedforms, the X—Y—Z sequence, is character-
istic of some of the more mature mass-emplaced units (Fig. 19b). These
sequences are 2—10 m thick and are characterised by a lower X-division of
bouldery conglomerate, a middle Y-division of pebbly mudstone or pebbly
sandstone, and an upper Z-division of slurry-folded mudstone or sandstone.
The X—Y—Z sequences represent one of the more distal or mature types of
redeposited conglomerates seen at Blackmount. Other less mature conglom-
erate facies seen represent transport and deposition processes intermediate
between slide sheets and the full X—Y—Z sequence.
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