Document généré le 23 avr. 2024 17:59

Geoscience Canada

Facies Models 15. Volcaniclastic Rocks

Jean Lajoie

Volume 6, numéro 3, september 1979
URI : https://id.erudit.org/iderudit/geocan6_3art03

Aller au sommaire du numéro

Editeur(s)

The Geological Association of Canada

ISSN

0315-0941 (imprimé)
1911-4850 (numérique)

Découvrir la revue

Citer cet article

Lajoie, J. (1979). Facies Models 15. Volcaniclastic Rocks. Geoscience Canada, 6(3),
129-139.

All rights reserved © The Geological Association of Canada, 1979

Ce document est protégé par la loi sur le droit d’auteur. L’utilisation des
services d’Erudit (y compris la reproduction) est assujettie a sa politique
d’utilisation que vous pouvez consulter en ligne.

https://apropos.erudit.org/fr/usagers/politique-dutilisation/

erudit

Cet article est diffusé et préservé par Erudit.

Erudit est un consortium interuniversitaire sans but lucratif composé de
I'Université de Montréal, 'Université Laval et I'Université du Québec a
Montréal. Il a pour mission la promotion et la valorisation de la recherche.

https://www.erudit.org/fr/


https://apropos.erudit.org/fr/usagers/politique-dutilisation/
https://www.erudit.org/fr/
https://www.erudit.org/fr/
https://www.erudit.org/fr/revues/geocan/
https://id.erudit.org/iderudit/geocan6_3art03
https://www.erudit.org/fr/revues/geocan/1979-v6-n3-geocan_6_3/
https://www.erudit.org/fr/revues/geocan/
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Facies Models 15.
Volcaniclastic
Rocks

Jean Lajoie

Département de Geologie
Universite de Montreal
Montréal, P.Q. H3C 3J7

Introduction

The realm of volcaniclastic rocks is
changing very rapidly due to important
work now in progress, but to write on
facies in volcaniclastites is, to say the
least, somewhat ambitious. The subject
isin its infancy. There are a few good
descriptions of volcaniclastites but in
general authors have restricted their
work to the petrography, chemistry, and
explosive mechanism. Little is known of
lateral and vertical variations in these
rocks. The study of facies in volcaniclas-
tic sequences is important as it could be
a good tool in mineral exploration
(Horikoshi, 1969; Sangster, 1972).

In the present paper, | shalltry to
summarize what we know of lateral and
vertical variations and assemblages
(facies) in volcaniclastites as seen by a
sedimentologist. This will merely whet
the appetite of the reader, but | think that
to have “summarized” facies in the
assemblages that are not well described
would have been hazardous, not to say
fictitious.

Walker (1976) in his general introduc-
tion on facies, suggested that models
can be used as frameworks for future
observations, as norms and predictors,
and as a basis for hydrodynamic
interpretation. The volcaniclastic mo-
dels discussed in the present paper
should be seen as general frameworks
for future observations. They may be
used toinitiate hydrodynamic interpreta-
tion, but more work needs to be done
before they can be considered norms or
predictors. Walker (1976) points out that

facies models originate from the distilla-
tion of many local examples. In some
volcaniclastic rock types there is not
much to distill.

The paper is not a review, and
therefore the reference list is not
exhaustive. | have tried to use general,
comprehensive studies of the various
subjects treated

Terminology

When one first begins work on volcani-
clastic rocks one is struck by the many
definitions there commonly are of the
same word. | thus find it necessary to
introduce the terminology that will be
used in this paper.

Volcaniclastic rocks include all frag-
mental volcanic rocks that result from
any mechanism of fragmentation. The
classification most commonly used in
North America is that of Fisher (1961,
1966). Epiclastic fragments result from
the weathering of volcanic rocks. Auto-
clastic fragments are formed by the
mechanical breakage or gaseous explo-
sion of lava during movement. Hyalo-
clastic fragments, a variety of autoclas-
tic, are produced by quenching of lava
that enters water, water-saturated sedi-
ments, or ice. Pyroclastic fragments are
formed by explosion and are projected
from volcanic vents. Showers of pyroc-
lastic fragments produce fall deposits.
Clasts that are ejected from vents and
that are transported en masse on land or
in water form pyroclastic-flow deposits.
Pyroclastic fragments are primary if
ejected from a vent, and secondary if
they are recycled from unconsolidated
primary deposits. In ancientdepositsthe
distinction between primary and secon-
dary pyroclastic debris may be very
difficult, if not impossible, to make.

Wentworth and Williams (1932) intro-
duced a grain-size classification for
pyroclastic fragments, similar to the
classification used for other clastic
sediments. The classification was
adopted by Fisher (1961) and is repro-
duced in Figure 1

Volcaniclastic sedimentation is such
a vast subject, and has so many
variables that it will not be possible to
treat all of its aspects. Epiclastic rocks
which do not differ except in composi-
tion from other clastic rocks will not be
treated. In this paper, | shall briefly
describe the characteristics of autoclas-
tic and pyroclastic rocks. | shall then
discuss the observed and possible
variations in time and space of the
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fundamental characteristics (facies).
Due to space limitations, fragment
petrography will not be discussed. The
reader will findin Ross and Smith (1961),
and in Heiken (1972, 1974) good
descriptions of the morphology and
petrography of volcaniclastic fragments.

Autoclastic Rocks

Flow breccias and hyaloclastites are
the two autoclastic types that will be
discussed in this paper. Both are formed
by the fragmentation of lava by friction,
or by rapid cooling as it flows in water or
under ice, and are therefore commonly
associated. The distinction between
these two rock types is primarily based
on grain size, the breccias being coarse
and the hyaloclastites, fine. Flow brec-
cias occur in both subaerial and sub-
aqueous environments. Hyaloclastites
are for some authors synonymous with
aquagene tuffs, but this usage of the
word tuff has been criticized.

Flow breccias and hyaloclastites are
common in basaltic sequences, and
relatively rare in acid sections as basic
lava flows more readily than acid
magmas due to its lower viscosity. In
these autoclastic rocks, the clasts are
generally monolithologic with most
fragments being derived from the same
parent magma. Lava may scrape vent
walls or rip fragments as it flows, but
exotic fragments are rarely reported in
descriptions of flow breccias. In basaltic
sequences, the breccias commaonly
consist of complete pillows and (or)
pillow fragments set in a matrix of
devitrified glass shards and lumps
(Carlisle, 1963; Dimroth et al,, 1978; Figs,
2,3 and 4). Pillows are exceptional in
acid lava. Acid flow breccias are made
up of abundant angular blocks, with
coarse and fine sand-size fragments, set
in a glassy matrix (Pichler, 1965)
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Figure 1

Grade size for epiclastic and pyroclastic
fragments, and terms for pyroclastic rocks.
From Fisher (1961, 1966).
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Figure 2

Flow breccia that consists of pillows and
pillow fragments set in a malrix of hyaloclas-
tite. Mont Etna, Sicilia. Photo courtesy of
John Ludden

Figure 3

Basaltic flow breccia in the Archean of
Rouyn-Noranda, overlain by graded pyro-
clastic deposits. The lava flowed from left to
right, and the fabric is due to the orientation of
the brecciated pillows in shear planes. Photo
courtesy of Pierre Trudel.

Facies in flow breccias and hyaloclas-
tites. Due to their mode of origin one
would expect in situ tlow breccias and
hyaloclastites to show little or no
systematic lateral and vertical variations
in clast content, size, and composition.
Autoclastic associations are however
much maore complex

The vertical variations in atypical flow
breccia of basaltic composition are
summarized in Figures 5and 6. The
pillowed lava grades upward into an
isolated-pillow breccia that is overlain
and transitional with a broken-pillow
breccia. In the Archean of the Noranda
region. similar sequences are excep-
tionally overlain by fine-grained hyalo-
clastites. In this model, clast size de-
creases from baseto top. This grain size
variation cannot be called graded
bedding: there is no bedding to begin
with as there is no true deposition of
clasts since they were formed in situ.
The distinctive characteristics of this
type of breccias are the monolithologic
composition of the clasts and the
transitional contact with the flow. Since
the fragmentation is formed by quench-
ing, the shards are not welded (Carlisle,
1963, p. 68).

Flow breccias are commonly asso-
ciated with subaerial acid lava flows,
where they occur underlying and (or)
overlying the flow. There is however no
modern example of submarine acid
flows. It is a rare and poorly known
phenomenon in the rock record. Pichler
(1965) described acid subaqueous
breccias and hyaloclastites exposed on
the island of Ponza in Italy. To my
knowledge, this is the only description of
acid hyaloclastites in the literature. The
lateral and vertical associations of
facies that he proposed are summarized
in Figure 7. The characteristics of the
deposit are somewhat similar to those
discussed previously, except for the
absence of pillows and of large frag-
ments. The coarse fraction is angular,
and found near the parent rhyolitic
magma. The clasts are unwelded, and
since they are formed in situ, the
volcaniclastite is massive or shows
pseudo stratifications that commonly
parallel the breccia-lava contact. Figure
7 has no scale, but Pichler (1965, p. 305)
gives an example in which facies 3
overlying the dome reaches 5min
thickness.

The model presents some difficulties,
mostly in the ratio of clastics to the size
of the rhyolite dome. On extrusion, acid
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Figure 4

Brecciated basaltic flow in the Archean of
Rouyn-Noranda. Coin is two cm. Phato
courtesy of Pierre Trudel.

Broken-pillow breccia

Isolated-pillow
breccia

~15-200 m

Close-packed pillow lava

Carbonaceous
cherty limestone

Massive lava flow

Figure5

Typical pillow breccia-hyaloclastite se-
quence in the Triassic of Quadra Island,
British Columbia. From Carlisle, 1963

Figure 6

Hyaloclastite transitional with pillow lava.
Rouyn-Noranda region. Photo courtesy of
Léopold Gélinas.
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lavas form a chillmargin under which the
temperature rapidly decreases. The
margin may be brecciated, as well as
parts of the underlying dome, but the
volume of clasts produced by such a
mechanism should be much less than
that implied by Pichler. At Lipari, the flow
breccias are found under the rhyolitic
flow, and the autoclastics overlying itare
very thin, where present (Ludden, pers.
commun., 1979). The model is not
accepted by all workers, and there is
some doubt as tothe origin of the
fragmentation. Pichler (1965) presents
little evidence to support the continuous
peeling of the chill margin. The large
fragments and tongues of felsic magma
that one would expect to find in the
deposit, are not present. In the example
used by Pichler (1965), Santorini, the
volcaniclastites overlying the rhyolitic
dome are in shallow-marine waters, and
unless there are particular conditions
which he does not discuss, the volcani-
clastic cover should be much thinner
than 5m.

Autoclastic fragments may be re-
worked by bottom currents or resedi-
mented from density flows. In certain
cases the deposit may show some of the
characteristics of pyroclastic rocks.
These secondary hyaloclastites may be
difticult to distinguish from pyroclastites
as both types of fragmentation may form
similar textures. However, pumiceous
fragments should be mare common in
pyroclastic deposits. Also, fragments in
reworked hyaloclastites should normally

Figure7

Verlical and lateral associations of rock types
in acid hyaloclastites, 1) submarine extruded
dome covered by auto-breccias and hyalo-
clastites. 2) blocky talus with remnants of
ancient crust. 3) unstratified, insitu, sand-size
hyaloclastites. 4) “stratified”, in situ hyalo-
clastites. 5 and 6) resedimented "hyaloclas-
tites” Modified from Pichler, 1965. For scale,
see lext
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be monolithologic, and unwelded
whereas pyroclastites are commonly
polylithologic, and may be welded
Honnorez and Kirst (1975) have shown
that shape can be used to distinguish
fragments of hyaloclastic origin from
those ot pyroclastic.

The mode! proposed for basaltic flow
breccias and hyaloclastites is sufficient-
ly well established, and could be used as
a norm, but it is safe to say that for acid
hyaloclastites we don't yet have a
model.

Pyroclastic Rocks

Pyroclastic debris (pumice, shards,
crystals, and lithics) ejected from vents,
tall or flow in air and (or) water under the
influence of gravity. The settling veloci-
ties are proportional to fragment size,
shape, and density. Therefore, the
principles that govern the sedimentation
of pyroclastic fragments are identical to
those responsible for the deposition of
other clastic debris.

The lateral extent and the geometry of
pyroclastic deposits are influenced in
part by magma composition, and the
environment in which the eruption takes
place. Basaltic subaerial eruptions
generally produce cones of scoria and
ash of limited areal extent around or
down-wind of the cones. Basaltic erup-
tions that take place in shallow water or
where water has access to the vent are
more strongly explosive, and produce
ash rings and ash layers that may have
considerable areal extent. Due to the,
higher volatile content of the magma,
eruptions of acid and intermediate
compositions are generally explosive.
These eruptions may project very large
volumes of pyroclastic debris to heights
well in excess of 25 km, and may
produce thick fall and flow deposits.
Facies in pyroclastic fall deposits.

The showering of pyroclastic debrisis
governed by their settling velocities.

It follows that size, composition, and
thickness should vary with distance from
the vent. Figure 8, modified from Walker
(1971), is an example of such lateral size
and composition variations in an air-fall
unit. In this example size decreases for
all compositions, and the relative abun-
dance of fragment-type varies in the
direction of transport. Due to their low
density, pumiceous fragments make
poor projectiles and are therefore more
abundant near the vent, whereas crys-
tals may travel greater distances. This

Figure 8

Lateral variations in size and contents of
pumice (stippled), crystals (blank), and lithic
(black) in a pyroclastic fall deposit in the
Azores. Modified from Walker (1971).

zonation of textures is common in many
air-fall deposits of the world (Walker,
1971: Kuno et al, 1964; Lacroix. 1904).
Pumices may be lighter than water and
thus float if they fall in it. The deposition
of pumiceous fragments may only occur
when they are waterlogged. It follows
that in such depositis, the distribution of
pumices may be very erratic.

Any particular fall deposit becomes
finer-grained as the distance from the
vent increases. However fine-grained
deposits may form near the vent as well
as far from it. Fine debris accumulates
near the vent when the eruption is weak.
Even if coarse-grained fall deposits are
reliable indicators of vent proximity, fine-
grained deposits do not necessarily
indicate distance from the vent.

In tall deposits, the dispersion of the
graphic standard deviation (“g) is
considerable near the vent. This results
from the differences in settling veloci-
ties, small and dense clasts fall at
velocities similar to those of larger and
lighter clasts. Figure 9 suggest that a
high “& could indicate proximity of an
eruptive center.

The downwind decrease in thickness
of pyroclastic fall deposits is discussed
by Eaton (1964). Some windborne ash
may be transported over extensive
areas and make excellent marker
horizons. Fall deposits may be poorly
stratified, as stratification is a result of
discontinuity in the volcanic activity;
beds and laminations may be crudely
defined (Fig. 10, A and B). Walker and
Croasdale (197 1) gave some character-
istics of basaltic fall deposits. According
to these authors, ashes from subaque-
ous eruptions are well stratified, and

beds are extremely thin (1 mm). Depo-
sits due to rhythmic ejections of incan-
descent cinder and lapilli are thicker,
rarely less than one cm, and commonly
more than five cm. Pyroclastic frag-
ments of acid and intermediate compo-
sitions may be ejected in very large
volumes, and bed thickness may easily
reach 4 m near the vent.

There is little systematic variation in
the vertical grain sizes within beds. As
settling is a function ot size and density,
grading may be present in fall deposits,
but is best observed in the thicker units.
The grading may be normal or reverse
(Bond and Sparks, 1976). Reverse
density-grading has been documented
by Koch and McLean (1975). It results
from the progressive evacuation of
compositionally stratified magma
chamber with increasing intensity of
eruption. In subaerial falls, all fragments
are heavier than the fluid whereas in
subaqueous falls as discussed above,
pumices may float and may not be
present in the deposit, or may only occur
at or near the top of the bed.

Because they are controlled by the
eruption intensity, vertical variations of
facies are unpredictible in pyroclastic
fall deposits

Km from vent

Figure 9

Variation of sorting ( °&) with distance from
the vent for pyroclastic fall deposits. From
Walker, 1971, Figure 7.
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Figure 10

Stratification in air-fall deposits. A: Crude
bedding, La Palma, Canary Islands. Notebook
is 20 cm long. B: Crude laminations, San
Lorenzo de Gran Canaria, Canary Islands.
Arrow is 50 cm.

Figure 11

Base-surge deposit, Gran Canari, near La
Calderilla. Two sets of trough cross-bedding
are present, one lo the right of pencil, and a
second one underlying il.

Pyroclastic flow deposits. The charac-
terization and definition of facies in
pyroclastic flow deposits is not easy.
Most authors have described deposits
from flows that are particular to pyro-
clastites, such as nuées ardentes, base
surges, ignimbrites, lahars, and others.
This terminology of pyroclastic flows is
discussed in many standard texts;
Macdonald (1972) could be recom-
mended to the neophyte. The major
problem indealing with deposits of these
flows is that the criteria used for their
definition are not exclusive to pyroclas-
tic rocks. It follows that the characteris-
tics given for some particular facies may
also be found in other mass-flow
deposits, or the singularities presented
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for a particular facies of pyroclastic
deposit may be found in others. | would
like to give two examples to illustrate this
particular problem.

Large-scale cross bedding is com-
monly used to identify base-surge
deposits (Figs. 11 and 13; Schmincke et
al, 1973; Sparks, 1976; Bond and
Sparks, 1976). But base-surge flow as
described by Moore (1967) is similar in
many respects to the flow of the nuées
ardentes that Lacroix (1904) described.
The eruptive mechanisms may be
somewhat different, but the results are
similar: turbulent suspensions that move
away from the vent, aided by gravity. The
descriptions that Lacroix (1904) gave of
the nuées ardentes are among the best
descriptions of turbidity currents in the
literature. Large-scale cross bedding
does occur in turbidite sequences as
well as many other types of sedimentary
sequences. It may also be present in
nuées ardentes deposits although there
is no evidence yet since very few
deposits have been described. Large-
scale cross bedding is closely associ-
ated with the nuées ardentes of Pelée.
Lacroix (1904, p. 469) shows a splendid
photograph of more than 1 km of an
exposure which he called dunes de
cendres in which the dunes may reach
amplitudesthat arein excess of 1 m.
Crowe and Fisher (1973) showed the
similarity that exists between the primary
structures found in base-surge deposits
with those found in other turbulent,
density-flow deposits. They point out
that the structure-forming variables (rate
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of deposition, flow power, and grain size)
are the same. The point that | wish to
make here is thatthe primary structures
ot base-surge deposits characterize the
tflow rather than the eruption mechan-
ism, and as such they may be found in
many other types of pyroclastic facies

Lahar is a second example of ili-
defined rock type. Itis defined as any
unsorted or poorly sorted deposit of
volcanic debris that moved and was
deposited as a mass that owed its
mobility to water. Schmincke (1967)
described lahar deposits in the Ellens-
burg Formation of Washington which he
interpreted as being deposited from
“watery viscous suspensions’, but the
primary structures and structure se-
quences that are described could be
interpreted as the result of other types of
flow such as turbulent suspensions.
There is little difference between these
rocks and others found in many turbidite
sequences. The structures characterize
the flow, not the environment in which it
moves

Lacroix (1904) showed quite conclu-
sively that gravity controls the move-
ment of pyroclastic flows. It follows that
the physics which applies to these flows
should be identical to that of other
density flows. There is therefore little
chance to find one model that could
characterize subagueous or subaerial
flows. Given similar tlow parameters
(density, viscosity, velocity, thickness)
and grain size, deposits from all types ot
flow could have similar sedimentary
characteristics. It should be clear by
now, that in describing pyroclastic flow
deposits it was not possible to use the
genetic nomenclature that is commonin
the literature. | may not have much
success, but | suggest to workers not to
use the geneticill-characterized
pyroclastic-flow terminology.

The deposition of pyroclastic flow
ejecta may occur on land or in water
The distinction between subaerial and
subagueous deposits is not always easy
because evidence is commonly indirect
According to Fisher and Schmincke (in
press) the main problem with subaque-
ous pyroclastic flows is that the deposits
of witnessed nuees ardentes that have
entered water have not been described
Except for a few occurrences, subaerial
flow deposits are not that well described
either. Many such deposits are massive
(Fig. 13 is an example) probably due, in
part, to theirrelative proximity to the vent.

Some subaerial deposits described in
the literature are said to be massive, but
the photographs that accompany these
descriptions commonly show grading
and (or) parallel laminations. Workers
must then rely onfossils, the presence of
pillows in the sequence. and other
indirect evidence in order to distinguish
the two types of deposits. The welding of
fragments has been used as evidence
for subaerial deposition, but there are
known occurrences of subaqueous
deposits that are welded (Francis and
Howells, 1973; Gélinas et al, 1978).

Facies in pyroclastic flow deposits. Most
workers accept that pyroclastic flows
move under the influence of gravity
along topographic depressions. It fol-
lows that the mechanics of pyroclastic
flows do not basically differ from those of
other types of density flows. Grain-size,
density, and shape of the fragments
affect the rate of sedimentation. How-
ever, since pyroclastic flows are the
result of complex interactions of many
processes some deposits may have
anomalous size and thickness charac-
teristics

Beds deposited from pyroclastic flows
are commonly graded (Fig. 12 A and B)
or massive (Fig. 13). Normal grading of
lithic clasts is a frequent feature of many
ancient and recent deposits of the world
(Sparks et al., 1973). Pumice clasts may
be either reversely or normally graded.
In many subaerial deposits the pumices
are reversely graded, and normal grad-
ing of pumices seems rare. In such

Figure 12

Grading in Archean pyroclastic flow deposilts.
A: Reversely graded lithics of intermediate
compaosition. Top is to left; notebook is 30 cm
long. Reneault, Rouyn-Noranda. B: Reverse
overlain by normal grading of rhyolitic lithics
Top is left; notebook is 20 cm long. Don
Rhyolite, Noranda.

deposits, the pumice size may increase
gradually from base to top (true grading),
or the larger pumices may be concen-
trated in an upper horizon within the bed
(Sparks, 1976). The reverse grading of
pumices is explained by flotation, the
matrix being denser than the fragments
In beds ot subaqueous deposits, the
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Figure 13
Massive pyroclastic flow deposit. Fortaleza
Grande, Gran Canaria. Pipe is roughly 1 m
in diameter.

pumices and the lithic fragments may be
concentrated in different horizons but
both types of fragment commonly show
similar grading trends, reverse or normal
(Fiske and Matsuda, 1964; Yamada,
1973;Bond, 1973; Tassé et al, 1978).
The grading of pumices in pyroclastic
flow deposits is not fully understood.

It may be that subaqueous flows have
lower densities than their subaerial
counterparts, but there is little evidence
to support this.

Sparks et al. (1973) proposed a
“standard' vertical bedding sequence in
subaerial pyroclastic flow deposits (Fig.
14, ), derived from observations made in
the Azores, Canary Islands, ltaly,
Greece, Japan, and the West Indies.
This model subdivides the "flow unit”
(bed?) in two transitional "layers”

(?a and 2b). Layer 2a is relatively fine-
grained and reversely graded. In layer
2b, which makes up more than 90

per cent of the bed, the size of the
pumiceous fragmentsincreases upward
and reaches a maximum at the top,
whereas the lithics are concentrated
near the base of the bed. This standard
sequence contrasts with many sequen-
ces observed in subaqueous deposits
(Fig. 14, 1) described by Fiske and
Matsuda (1964), Fiske (1969), Bond
(1973) and Tassée et al, (1978), where
the entire accumulation is normally

graded, by size and (or) density. As
already mentioned, reverse grading
does occur in subagueous deposits, but
pumices and lithics commonly have
similar grain-size variations. The depo-
sits described by Fiske and Matsuda
(1964) consist of a lower graded or
massive division. overlain and transi-
tional with a stratified division (b, in Fig.
14, 11), inwhich the grading is continuous
from the underlying division (a). The
authors interpreted the strata in division
b as beds. Deposits with similar struc-
tures have been described by Tassé el
al. (1978), in the Archean of Noranda,
and by Yamada (1973) in Pleistocene
rocks of Japan. They proposed that,
since the grading was continuous from
the graded division into stratified divi-
sion, the accumulation was the result of
one event, that produced one bed. The
stratifications (Fig. 15) were therefore
interpreted as parallel laminations.
These proposed standard beds should
not be taken as invariable models. The
characteristics of the deposit will vary
with the flow conditions. Velocity, densi-
ty, and viscosity of the flow could change
such that the characteristics observed
in a given bed close to the vent may be
very different from those observed in
more distal sections. Tasse etal., (1978)
have shown that beds of pyroclastic
flows in the Noranda region could not be
characterized by one standard model.

There is little known on lateral and
vertical variations in pyroclastic flow
deposits. Grain size and bed thickness
may either decrease or increase down-
flow. There are many examples of
increasing bed thickness with distance
of transport, particularly close to vent
Schmincke and Swanson (1967) sug-
gested that this was probably due to the
relative high velocity and low viscosity of
the flow near the vent. Grain size
generally decreases with distance of
transport, but in the Precambrian rocks
of Noranda grain size both increases
and decreases with distance from vent
(Tasse et al, 1978). In deposits of
turbulent low-density flows the size
decreases, but in relatively higher
density flows, size may increase before it
decreases in the direction of transport.
Analogous situations have been des-
cribed in turbidites.

Primary struclures that are controlled
both by flow parameters and grain size
are perhaps the best tool to establish
facies in pyroclastic flow deposits.
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Figure 14

Vertical sequence of primary structures
commonly present in subaerial (1) and
subaqueous (Il) pyroclastic flow deposits
From Sparks et al. (1973), and Fiske and
Matsuda (1964). In Sparks et al. (1973), the
model has no scale; the thickness of layer 2a
varies from a few cms to more than 1. m.
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Figure 15
Parallel stratifications in a Precambrian
pyroclastic flow deposit. Noranda, Quebec.

\SES WATER MPVEC ERUPTION
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Figure 16

Lateral variations of size and primary struc-
tures in aPleistocene pyroclastic flow deposit
inJapan. Modified from Yamada (1973)

Yamada (1973) proposed a model

(Fig. 16) for lateral variations of primary
structures for a subaqueous deposit of
Pleistocene age, but the only complete
study of lateral variations of facies is that
of Tassé et al. (1978) for Archean flows
of Noranda: Figure 17 is a simplified
version of the model that they proposed.
The rocks that were studied are interme-
diate in composition and not welded.
The studied sections show two distinct
bed types that have different mean-
thickness, grain size, and primary struc-
tures. The two types are therefore
treated in two different assemblages

(A and B, Fig. 17). Type A beds (Fig. 12,
A), are thicker than type B (Fig. 18) and
mean bed thickness increases with
distance of transport in type A, whereas
it decreases in type B. In both bed types,
primary structure sequences vary sys-
tematically away from the vent, but the

sequences are somewhat different in
the two types. In type A beds, the most
abundant structure is grading, and
parallel laminations are relatively rare.
The proximal section has a high propor-
tion of massive or reversely graded beds
whereas the distal section is character-
ized by normal grading, and a higher
number of beds that show parallel
laminations. The two intermediate sec-
tions suggest a gradation from the
proximal to the distal facies. Grading is
also very common in type B beds, and is
generally normal. Traction structures,
such as parallel and oblique laminations
(dunes and ripples) are more abundant
than in type A, and their proportion
increases with distance of transport.

Tassé et al, (1978) interpreted the
lateral variation of facies by analogy with
sedimentary density flows. Type B beds
most probably result fromthe accumula-
tion of decelerating turbulent suspen-
sions of low density such as turbidity
currents. Most of the flows responsible
for type A beds appear to have been
turbulent in the distal regions, but almost
half (45%) of the deposit in the more
proximal section probably accumulated
from laminar suspensions such as
debris flows, as suggested by the
reverse grading and massive beds. It
follows that different transporting mech-
anisms acted at different stages of the
flows. This may be caused by an
increase in flow velocity due to gravity,
coupled with a decrease in viscosity

In the subaqueous deposits of Noran-
da, theratio between lithics and pumices
decreases with distance from the vent
This relationship has also been ob-
served in some Japanese deposils
(Kuno et al, 1964), and is opposite tothe
pumice-lithic ratio commonly found in
pyroclastic fall deposits. This is due to
the lower density of the pumice which
settle at lower velocities, and are
therefore found further down flow.

In ancient pyroclastic flow deposits,
grain orientation may be used to help
locate vents. The technique could be
used with other lateral variations such as
size, bed-thickness, and (or) primary-
structure sequences. It is described by
Elston and Smith (1970), and has been
successfully applied in Archean pyro-
clastic rocks of northwestern Ontario
(Teal, 1979).

It is not possible at this stage to use
the Noranda model proposed by Tasse
etal (1978) as anorm or a predictor for
subaqueous pyroclastic flow deposits

To my knowledge it is the only study of
lateral facies variations, other than grain
size and bed thickness, done in this type
of deposit, future observations shall
have to verify it, and thus make it norm.

Subaerial flow deposits may show
facies that are similar to those of
subaqueous flows, bul because of the
higher temperature of the mass and, in
certain cases the higher viscosities, they
may exhibit different characteristics
Rhyolitic flows have fragments that are
commonly deformed, stretched, and
welded. The eutaxitic “texture”’, that
results from the parallel arrangement
and alternation of layers of different
textures or composition may be com-
mon in these rocks. The structures are
found in deposits that accumulated from
laminar suspensions (Schmincke and
Swanson, 1967) but they also occur in
turbulent flow deposits (Lock, 1972).

Little is known of vertical variations of
facies in pyroclastic flow deposits. Most
workers have focused their attention on
eruptive cycles. Aramaki and Yamasaki
(1963), and Sparks et al. (1973) are
examples. The only published systema-
tic work on vertical variations of texture
and bed thickness in flow deposits was
done in the Archean of Rouyn-Noranda
(Tassé et al, 1978; Gelinas et al,, 1978).
Because pyroclastic flows move under
the influence of gravity, they are partly or
completely controlled by topographic
depressions when the flow is very thick.
The channel fills could theretore have
characteristics that are similar to those
ot fills described in other sedimentary
sequences, where grain size and bed
thickness decrease up-section. We
have shown with the Archean examples
that these vertical variations are also
present in channel fills of pyroclastic
flows, and channels have been identified
by mapping vertical variations of size
and thickness.

Distinction between pyrociastic flow and
fall. Workers have been interested for
quite sometime in finding parameters or
characteristics to distinguish pyroclastic
flows from falls. Much work has been
done on statistical parameters of grain
size distribution with some apparent
success (Walker, 1971; Sheridan, 1971,
Fig.19). Sheridan (1971) grouped, on
Figure 19, rhyolitic base-surge dunes
and lunar fines inField |, and rhyolitic ash
flows in Field II. His Field Il is said to be
composed mostly of air fall deposits.
This technique is not infallible and there
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Lateral variations of mean bed thickness and
primary structure sequences with distance of
transport, in an Archean subaqueous pyro-
clastic tlow deposit, for two different types of

accumulation (A and B). The frequency
distributions of structure sequences are in
percentages, and total 100% for each
section. Modified from Tassé et al., (1978).
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Figure 18
Primary-structure sequence in a type B bed,
Rouyn-Noranda. From Tassé et al. (1978).

are many exceptions. For example air
falls plot with "base-surge flat beds",
and “Surtsey base surges’. | would also
use primary structures and their se-
quences to distinguish flow from fall. Our
work has shown that flows leave imprints
that are different from falls.

Summary

The purpose of this article has been to
present what is known of facies relation-
ships in some autoclastic rocks, and in
pyroclastic fall and flow deposits. Auto-
clastic fragments, that are formed in situ
are monolithologic and not welded. The
clastites may be transitional with the
parent magma, and have the same
composition. The internal structures of
these deposits indicate the absence or
near absence of transport.

Pyroclastic fall deposits are very well
stratified. They commonly show a
systematic lateral decrease in grain size
and bed thickness. In such deposits,
sorting is least close to source due to
settling of fragments of different densi-
ties. In fall deposits the vertical varia-
tions are controlled by eruption intensity,
and are therefore unpredictible.

In flow deposits, bed thickness and
grain size commonly decrease down
flow, but close to vent the variations are
not systematic. Beds deposited from
flows are commonly graded. In sub-
aqueous deposits the grading of all
fragments is generally normal but in
many subaerial flow, pumices are
commonly reversely graded. The pri-
mary structure sequences vary system-
atically down-flow, and depict the
changing flow conditions (density, vis-
cosity, velocity) and the grain size that is
transported. Vertical variations of size
and thickness are poorly known in these
deposits but where they have been
studied they are characteristic of chan-
nel fills.
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Statistical parameters of grain size
have been used extensively to distin-
guish pyroclastic flows from talls. Primary
structure sequences are alsc a powerful
tool that could help make this distinction.

The reader must by now be aware that
much work remains 1o be done on
volcamiciastic rocks. | hope that this
paper has been stimulating.
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