CHAPTER SEVEN

b which nge o

Iransport and deposttion
of subaerial pyroclastic
Jlozvs and surges

Initial statement

In this chapter we examine more closely the
transportational  and  depositional  processes  as-
socrated with pyroclasuc flows and surges iCh. 5.
Both are a wype of flow. one at the dilure, low
particle conceniration end of the spectrum and the
other at the lghly concentrated end. It is shown
that there is a broad spectrum of pvroclastic Aow
tvpes, and that the 8ow mechanics can vary. as do
the resultant facies. The roles of fluidisasion and
turbulence are evaluated. The anatomy of pyro-
clastc flows is aiso examined, and consideration is
given to the characteristic depositional processes
associated with the head, body and trailing cloud.
We similarly look in detail at the flow and
depositionai mechanics associated with surges, and
consider the differences between wet and dry

surges. Finaliv. we look at the possible relationships
and differences berween pyvroclastic flows and
surges.

7.1 Subaerial pyroclastic flows as high
particle concentration flows

All workers would now agree that pyroclastic flows
are grawry conirolled and tend 1o move along
topographic depressions. However, there has been.,
and sull s, much debare on the details of fow
mechamisms.  Because of poor soriing. earlier
workers thought wirbulence within flows was im-
portant {R. L. Smuth 1960z, Murai 1961, Fisher
1966a;. The ability of some flows 1o surmount
topographic barriers (Plate 7) led some workers 1o
suggest that they were greatly expanded. implying
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dilute. rurbulen: Hows (Yokovama 1974, Sheridan
& Ragan 19765 In contrasi. {rom a detatled study tas
of gramsize variauons in igmmbrires, Sparks (1976)
postulared that pyroclasie flowes ave high concen-
tronen, pooviy expanded, partially fluidised foces. and
are i many wavs analegous to rvpes of debris How
in which poor sorung 18 attributed (o high parncle
conceniration. not trbulence (Chs 2 & 100 Ther
transport and  depositional mechanisms may be
similar 1o debris Hows. but i debris Hows darger
clasts are carried by a mauix of mud and water
reohesive flows) or of poorty sorted granular nya-

o

¢
f} rerial and water (grain domunant fows:, whereas m
g pyrociasuc Qows they are carried by fine ash and

gas. Sparks {19761 concluded thay many pyroclastic
Hows may be laminar in their movemnent. especially
m the bodv. Several more-recent studies have

_ g concurred with this view iSparks er ol 1978,

e sheridan 1979, 10V, Wright & Walker 1977, 1981,

CoJoNOWilson 19805, although 1 s accepred thar

g ﬁﬁv variable degrees of turbulence may be important i

s the head regrons, and even in the bodies of violent
Hows.

Pvrociastic flows encompass a wide range of
phenomena. Al the ope exweme are the small
denser-clast flows freguently observed in historic
eruptions (Ch. 5% These mav come (o 1est on g ame
spbstantal slopes, transport very large blocks and ' '

i, e e - b - adina aiilenis i

E, have well developed levees (Figo 7ola and flow
‘?,?f, fronts. All of these features suggest thar these fiows
{,ﬁ had g sobstantial vield serength. and tha deposition
;:éj was almost instantaneous by en masse freezing of the
4 flows. as is generally believed 1o be the case

epiclastic debris Hows (A, M. Johnson 1970: Ch.
105, Such fHows act as simple avalanches of debris,
and gas probably plavs only a minor role mn ther
movement. They are Jikely o flow by a combination
of laminar and phug How. typical of Bingham fluids
with a high vield strength 1Cho 21 At the other
extreme are the pumice flows which form gnim-

brites, These generaliv de not rransport excessively

large blocks for great distances. thev are generally Figure 7.1 (2l Sconatiow de

not {ound on steep slopes and neither lovées. nor af Ngaurunoe with wel levors and surd
- . - - wines (h Ly o e i

any oither surface depositional festures are no rges (b Oblus ¢

Juby and 7oAy

commaonly observed. However. pumice Hows sull
produce poorly sorted. structureless deposits. and

[talaA | wAadth
all of the evidence indicaies they move as high Vdilson & s
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particle concentration flows, However, it is now
recognised that there is a complete spectrem of
rpmimbrite 1vpes. Some of the Mt St Helens
[:11miu:~ﬁ<.)\\’ deposits (22 July and 7 August flows),
although these produced onlv very small volume
deposits (<0.001 km*i. have levées and surface
features (Fig. 7.1b) mdicating thar the flows mav
have had higher vield strengths than are generally
expected for pumice flows. Extremelv eiofon mmaw
flows (00 ] N Wilson & Walker 1981, . P, L
Walker & Wilson 1983:, can leave 4 1(._apngrzlpl'zy
mantling deposit and transport larger lithic blocks
considerable distances. The bes dmuihcd example
is {rom the Taupo ignimbrite {Section 7.3: Ch. 81
which s very different 1n many respects from
currently accepted. “corvennonal” ignimbrites.

Large pumice flows can travel for distances of

tens of kilometres. and their mobility has been
considered spectacular because of their abilinv 1o
surmount topographic barriers. For example. the
ho pyroclastic flow Yokovama 19741 must have
surmounted a 600 m high mountain pass 60 km

from source (Fig. 8,3} and the Fisher ash flow it

(Midler & Smith 19770 crossed a 300 m barrier
25 km from source. As mentioned previously,
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some workers accounied for this mobilirv by
suggesiing ihdl pumice flows are highly expanded.
However. given sufficient momentum. a tugh
concentration pumice fHow could surmount such
barriers. and indeed cold rock avalunches (Ch 10
are known 1o travel uphill, e ihc Smdmarreh
landslide in Iran climbed over 2 600 m barrier
Pob. Kent 19665 If one allows for eruption
column collapse from heights of several kilometres

or more. pumice Hows are found 1w be no less
mobile than other tvpes of mass fow Fig 725
Measurements of the heighis climbed bv o pyvro-
clastic flow can be used to estimate minmmim
palacofiow  velocities from  the simple  potential
energy to kinetio energy refanonship

3

Ny

vh = :

where £ js the height climbed. ¢ is the velociny and o
s the acceleration due 1o gravay. Absolwie-mini-
mum velocities of 60-160 m 7! are inferred | from
several sgnimbrites (e.g. Yokovama 1974, Sparks
1976, P W Francis & Baker 1977, Miller & Smith
1977, Barberi er @i, 1978). The Saidmarreh land-
shide must have had a velociv of at Jeast 100 m s 1,
and thus such high flow velocities are not unigue 1o
pvrociastic Hows,

7.2 Fluidisation

Although the mobilitv and momentum of PVro-
clastic flows can be atributed i the first instance 16
either the momentum acquired during collapse
from a high eruption column (c¢f. rock avalanches.
Ch. 1050 or the high eruption rates and associated
high c.\'it velocities: this mobility can be enhanced
by the mclusion of o ubricating fluid within the
How, especially if that Huid also provides dynamic
support or uplifi 1o the grain populaion. or part of
i during flow, In that wav, the fuid would retard
sedimentation from the flow. and so act 16 reduce
the fricuonal interaciion between the How and the
subsiraze,

Fluidisation is commonly believed 10 play an
important role in this regard. 0 the transport of
pyroclaste flows. As an mdusirial process, fAuid-
saton was developed largely during and immeds-
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180 SUBAERIAL PYROCLASTIC FLOWS AND SUIRGES

ately afier World War 11 D 1. Revnolds (1954

was the first geologist o examine the chemical
engineering lterature and suggest that fuidisation
ight have genlogical applications. including pvro-
clastic fows. More recently. 1is role in the em-
placement of pyroclastic flows has been discussed
by McTaggan (19601, Sparks (1976, 1978b;.
Sheridan (19791 and €. J. N. Wilson ¢ 1980, 1984).

When an upward stream of gas tor ligqud s
passed at increasing velocity (L7 through a bed of
cohesionless particulate solids. fluidisatson s the
condition attained at a certain eritical fluid velocity
(the minimum fhadisanon pelocuy. Uyd when the
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Figure 7.3 Theoreuca ¢ the relationship of mine
s fuidisation velooity i and ternms

ang gransze.

all velooty (A
S o of dansty
1 Ogom”™ with & vokage Bo0, P00 and
1600°C. The gransize-U, GUNve 15 calcuiated ar 700°C for
(0, (e Sparks 1976)

drag force exerted across the bed by the fuid s
equal w the huovant wetght of the bed see C.oF N
Wilson 1980, 19841 In this stae the hed no longer
evists a8 a coherent mass. bui takes ona flusd-hike
chargcier. However. it s more appropriaie hiere
fsee helow 16 use the ferm in a lo0ser sense insed
by chemical engineers | w cover all condinons. frem
very Jow gas velocites and packed-bed conditons
fy e 10w U7t igh flow velocities and dilute-
phuse {ludisauoen ¥ SNy S

Sparks (19761 showed theoreticalby that pyro-
clastic fows can only be semi-furdised. In poly-
dispersive systems {(grain populations with a wide

—

range of gramsizes or densities. or borh. such asm
pyroclastic Hows, before the largest parucles he-
come fuidised the gas flow veloony exceeds the
werminal fafl velocity 1175 of the smallest sizes. Such
pariicles are entrained by the gas and carried out
and lost from the system. This process is called
elutriation. and is tmportani industriaiky and in the
rransport of pyroclastic flows. Sparks caleulated
curves of Ll and U fora wide range of particles
and conditions hikely o occur pyroclastic flows
Fig. 7.35. These caleulations used formulae from
siandard  chemical cngineering literature  fe.g.
Kunii & Levenspiel 19691 Uy can he determined
from the so-called modified Ergun eqguailon:

where [, 18 the mimimum velooity of fluidisation
(em st o, and o, are the densities of gas and
solid, respecrively (g om i dy, i mean particke
dizmeter ‘omy. O, is the sphericity of the parucle
rdimensionless: (= surlace area of sphere/surface
area of particle where sphere and particle have same
volumel. ¢, is the voeidage per gnit vohume at
minimum Auidisation state, n s the viscosity of gas
(passe = 1 "Puosyand gas the acceleration dug 1o
gravity.

{5 for a parucle o fluid s given by

{7, s S Lellr when Re < 0.4 7.3
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where Re s the Bevnolds Number (hgn 260 Che

Figure 7.2 shows that {or anv gas velooire 1t i
onky possible 1o fukdise a lmied range of gramsies
that satisfv the condidon {7 = (7 2 U This led
Sparks toosuggest that in pyroclasiie Hows there
must alwave be three phases when gas 1 passime
through:

Phase 1 oparvcles wibh [0 =0 17

Phase 11 pariicles with D)o 1D 00 and
Phase 111 partcles with Uy = U

A opyrockastse flow was envisaged o comprise a
matres ol parncles of phases T oand 11 m which is
chspersed puriicley of phase T which tend 1o flom
cpumice: or sink (hthiess depending on the densiv
contrast with the mairix tsee Section 7.3, 31 Phase |
particles are lost by cluination from the matriy 1o
form the dilute everriding ash cloud csee Fig, 5 13

Later expenmental work by Sparks 1978k,
Shersdan (197% and C ) N, Wilson (1980, 1984,
also demonstrated that pusice flows and peroclastic
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fioees i general can ondv he semi-fuidised. The
mest comprehensve studies are those by O ] N
Woilson (D980, 1984 Wikon reporis fluidisation
experiments on simple svstems and on lenimbrie
samples. and has supporied his argoments wirh an
extensive sewrch o the chemical engineering
meratre, s resulis show thar the Buidismion
behiaviour of peroclasie tow \‘;_unnic:\, differ vadicallv
fromy any simple sesterm, primcipallv b-*{';mw of Lhe

variable hvdra

b ;mx;wonr\-\ of the different grain
Ivpes and therr resubiani poosr sortmng,

A Huwdisaton ng of li’l—\:f tvpe psed by Wilson s
Hinstrated m 3"11.11;3‘1- S bvamples of HSwdisation
plots of 17 versus AP he pressure drop across
the bed per unse thickness of bed: are wiven in
Figore 750 For narrow gramsize populations of
wealty smooth and spherical partacles. s Auidisaton
chie Boes which intersect at, and
define. 7, (Fig, o The slope of the straght
Iine for 70 00 Cean be predicied by reference 1o
published corrclations. and this milormation has
heers used i the medificd Ersun cawion w obtain
correlaniops of [0 versus particle and fuid
charactensiics + Commonlv. some degree of hvs-
feresis s evideni berween the curve corresponding

pPlot shows fwo sy

W oancreasing {0 oand the one corresponding 1o
decreasing U7 (Fig. 7 5h This can he related 1o
vordage changes during fudisation. o wide grainsize
distribution and/or arreguiar paricle shape. For
matertals having a wide grainsize variation and
wregular particle shapes, a piot is obiained with
gross hvsteresis (g, 7 5¢.

Poorly sorted 16, = 1.0 matenals. such as sand
mixes and pyroclastic Bow samples. show distinetive
Hurdisanan behaviour (Figs 7 5¢ & 60 At a certain
mas veloony, designaed T ihe value of which
camioi be predicieds. some samples begin 1o
expand. whereas ai higher ga

s velociies. designated
Fiane samples begin 1o show segregation sruciures
wovedocty at the maximum
can be sustained across the bed
ineo where ASYH 1 canal 1eothe buovant bulk
density of the bed muliiphed by the aceeleration
due gegravey Frel Taa 1V

- I3

g T the
;‘\rc.\‘s‘uw—dmp itha

g i"t’;_‘?-let‘f;’:l. [:m‘{
measured 1mosimple sysioms. but cannat be pre-
dicred reliably from published T, correlations

(01N Wilson 1984
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section Labthoueh superficialiy semnar ooecnon |
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defined segregation lavers form at the top or botiom
(or bothy of the bed (Figs 7.7d & ¢). Finer and
lighter parucies move 1o the top of the bed, while
c&arscr and denser pariicles sink 1o the base. In ex-
reme cases, the bed may become completely gas-
soried.

C. ]. N. Wilson (1980" proposed that the fluid-
jsation behaviour of all pyroclastic flows can be
tvpified by 2 flusdisanon plor similar 1o those in
PFigure 760 This was used as the basis for a
classification of pyroclastic flow rwpes, Types 1. 2
and 2 (Table 7.1, Fig. 7.8) were inroduced 1o
refaie 4 pvrociastic flow 1w the corresponding

section on 4 Huidisation plot. The different kinds of

grading and the causanve mechanisms found in
pyvrociastic flows are  discussed further below
{Sectron 7.3). From Wilson's results. it is evident
that onky 1n type 3 flows can the processes described
by Sparks (19765 operate freely.

Rheologically, fluidised systems behave in a non-
Newtonian manaer. Data in the chemical engineer-
ing lerature deal almost exclusively with well
sored materials {0y << 1.07 at high gas velochies
il = U Under such conditions these materials

Table 7.1 Clazsificanon of pyroclastic fiow types based on
fluschsation benaviour (after C. 0 N Wilson 19801

Flow  Fluidisation

e behaviour with
HICteasing gas
flove vetocitios

Descriplion

nor-expanded Non-graded Hlows: lack of expansion
and high vield strength inhibrtg
gravitational coarse-tail grading. if
grading of larger clasis s present, o is
due te some other mechamsm,
Mhirirmal ioss of ash inie
accompanying ash-cloud deposits

sxpanded  Expanswon of flow alfows
arawvtauonal coarse-tall grading
of pumice and e clasts

e of Hedisation resulis
ne grading Distine:
O 70 of pumice
found, and other gas

SEQreganng

searegalon strucivres . Large

vorlurme of -
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have a non-linear relationship of stress to sirain
rate, and a negligible vield strength. C. ] N.
Wilson {1980) considered the rheology of fluidised
systems at {7 < U as follows, Az rest (L7 = 01 the
bed behaves a3 a particulate material wiich, ul a
given depth in the bed. can support & certain
differenzial stress before failure occurs at a stage
when the vield swrength is exceeded. The vield
strength (5¢) increases with depih:

Sa = uped 760

where 15 the wangent of the jnternal angle of
friction, ¢ is the buovant hulk density of the
material, g 1s the acceleration due 1o gravity and d is
the depth in the bed. In 2 partiv fuidised bed
(<0 U7 = Uy, the passage of gas resulis in a
pressure drop across the bed. reducing the vield
strength at a given depth. Av U = {7, ; the viekd
strength 1 effecuvely  zere  and.  from
O < U= Uy the vield strength in general (5,;
Varies as:

Sy o= Al - (-":/l--'ymf'}gl_l 7.0
= (| = U/l onogd 78

Onee full bed support is achieved. materials with
U, < 1 may be expected to have similar rheologies
to published industrial examples. For materials
with o, > 1. the rheology at high gas How rates
(L7 > Uyt 1s more complex. Much of the zas How
is diverted through segregation channels in which
the material is better sorted. and this means that
although the bed as 2 whole has 2 higher per-
meability, it continues 1o have a vield strengih.

The rheology of fuidised materials in pyvrociastic
flows is therefore liable 10 be very complex. Bui
from the foregoing discussion we can surmise thal
thuidisation will effectively reduce the vield strength
of u flow. This concurs with field observations of
the morphological and internal features of deposits.
Poorly fluidised type 1 Hows show features which
indicate they had high vield sirengths, and a
Bingham model mav approximaie thewr moton.
Yield srength i an imporiant control of the Vpes
of grading chserved in flows. and highiv fuidised
flows have very different characteristics. Fluid-
ssation with also imduce a stable dens:y siratification
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Figure 7.8 Sketch showing the characterishcs of CJ0 N
Wilson's three flow types. la) Tyvpe 1. ungraded depasif,
surface ridging and block trains present, basal laver poorly
deveioped or abseni. (b Type 2. coarse-tail grading of larger
purrice towards top freversel and larger lithics towards b
{rormall, well developed basal laver, concave upper surace
el Type 30 strongly developed coarseaal grading wih
sharply bounded pumice andd lithie concentration  zones,
segregalicn bodies and pipes, and a fine-grained laver of
elutniated vitric ash segregated at the lop of the fiow {After
Cod N Wilson T980 ¢

which will stronglv suppress wurbulence in the body
of a moving fow (Secuon 7.75.

Another mmportant feature shown by Wilson's
experiments. and indicared by the above discussion,
is that fluidised pvroclastic flow samples expand
much less than conventional samples do. this being
due to the bypassing of the gas through segregation
channels. Wilson estmarted thar o 100 m duck
pumnice flow. having fairly high gas velociues, will
deflate 1w form an ignimbrite depositional uniy
which 1y not less than 70-85 m thick. This -
rerpreration s also supported by ‘o fugh nde mark’
found on the valley sides above some ignimbrites,
e.g. in the Vallev of Ten Thousand Smokes
ignimbrite (Fig.o 8.5 this mark rises only 3 m
above the general level of the deposit,

Finallv. we must briefly consider what the gas
sources in pvroclastic flows are. These can be
divided mu

ia)anternsl sources. being gases released from
wvenile clasts by diffusion. breakage and
attrition, and

{bi external sources., which mnclude gas trapped
during initial flow formaton, air incorporated
at the front of the moving How, gases released
by the combusiion of vegeranon and steam
from heated surface waier or ground water,

The relavive tmportance and effects of these different

gas sources are fullv discussed by €. ]0 N Wilson

{19805, :

The maor part of the gas in pumice flows w5 ©
provided by emission from juventle fragments and &

by entrapment of air. both during eruptive column *

collapse and bv engulfment at the How-front.

Sparks (1978b7 modelled the diffusional loss of ¢

residual gases from juvenile ash particles during &

flow, and concluded that gas production rates are -
generally sufficient to fluidise fine and mediun ash-
sized particies in medium- and large-volume pumice &
flows. Large-volume (thick’ pumice flows are likely

1 be substantiallv fluidised. and this may be:

important in determining their mobility, Increasing

levels of fimdisation are predicted m larger fows:
and in flows with higher initial gas contents mn the

the mobility of pyroclastic ows in general was due ©
to the expansion of entrapped and heared air-
causing flusdisation of the flow. However, despite ©
their high temperature. historic examples of small
pyroclastic fHows were ne more mobile than cold
rock avalanches (IFig. 7.23, which therefore throws
some doubt on the importance of entrapped heated «
air.

7.3 Pyroclastic flow units and grading

As previously mdicated (Ch, 55 pyvroclastic flow
deposits are usually composed of @ number of How
units. Sparks er o, 119735 first proposed a lavering
scheme for pvroclasue flow units. The separite
favers were mierpreted as reHectng difierent de-
positional regimes within o pyvroclastic fiow (Fig.
5.135 Baver 1o the lowest laver, was thought o be
the deposit of 2 diute pyroclastc surge which
moved in advance of the pyvroclastic How, Laver 2
wis the deposit of the pyreclastic Aow proper, and
laver 3 was the depostt of the overriding ash cloud.
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In this section we will examine laver 2. This laver
forms the main poruon of most flow units, and is
now thought w be deposited by the ‘body of &
pyroclastic flow, Seme deposits now correlared with
javer 1 are ithought 1o be sedimented in or from the
fow ‘head’. rather than from a preceding surge.
and we descnibe these and the Jorm of a pyroclastic
How n Secuon 7.5, Most of the following discussion
15 concerned with the deposits of pumice flows. The
features of laver 2 to he discussed are:

thickness
basal lavers
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vertical grading

gas segregation SIruciures

lateral grading

compositionally zoned pumice flow unirts

7.3 THICKNESS

Flow units may vary in thickness from <0.1 m to
=100 m where ponded in depressions. Ag oan
example. 1o show the vanation within the deposits
of the same eruprion. the thicknesses of How units
forming the Minoan ignimbrite on Santorini are
shown in Figure 7.9
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722 BASAL LAYERS

Many 1gnimbrite ow vmits have @ Une-grained
Basal laver flaver lar separating them from the
former ground swifuce oFig. Toive and bhis s
usually stll present even along almost vertical
valley wall contacts, The thickness of basal lavers
vares [rom 2 few centimetres o9 meire. bt there
wousuathy onbv w peor corrclation between therr
thickness and rhe thickness of Jow umis witlan an
: T O e hasal laver differs

wmmbrie g Fig.
from the mam portion of the ow un daver 2hiomn

that 1t lacks the fareest pumice and brhic clasts
Cumulazive graimsize curves of the basad faver and

laver 2b therelore converge rowards the hmer-
grained size classes (Frgo 7110 Busal levers often

fAinosn

;s

Figure 7.10 of owermost flow unit of
ignirmbimite,
defined fthio concents:

of white Maoar mud How

Botiom

YO,

seed on fon

show a reverse grading of both larger pumice and
e clasis thags 7.9 & 104
algned parallel 1o the ground surface. sometimes
producing a faint stranficanion.

and these are often

Al of these features suggest that the basal laver s
an mieeral part of & flow wt and forms mn response
10 boundary laver effects between the moving
pyroclastic How and the ground surface (oparks
1976 The finer gramsize and reverse grading of
clasts v generaliv atrthuied 1o gram dispersive
pressures due w pariicle collisions acting away from
the flow botwom (Sparks 19761 which 15 8 zone of
high shear. When particles of mixed grainsize are
sheared togerther. the larger grains should drify
avway from the zone of maximum shear. ¢, away
from the base and side of the How in g valiey ef.
debris flows: Chs 2 & 165 The alignment of clasts
also sugpests that the basal laver ondergoes high
shear stresses. Basal lavers often cannot be disting-
ished in hiock- and ash-fiow deposiis. scorta-flow
deposits and ignimbrie-flow uniis (see discussion
helow 1,

733 VERTICAL GRADING

The main portion of an gnimbrite tlow unit daver
by mav show grading of the larger clasis (Cho 50
The textbook’ diggram shows reverse grading of
farger pumice ¢lasts and normal grading of Jarger.
dense fithic clasis. forming well defmed concen-
tration zones towards, respectivelv. the tops and
hottoms of How unis (Figs 3 140, 710 & 11 Flow
units with reverse grading of lithics are common,
but normal grading of pumice w more rarely found.
and an absence of grading 18 also common.
Grading processes affect onby the coarse part of
the grainsize distribution, and this wpe 1 called
coarse-tail erading el disiribution grading found
in classical rarbidites. Ch, 160 Allen 19820 Cumu-
latsve frequency gramsize curves ol samples cob

lected within the same flow uni converge owards
the finer-grained fracuons (Fig. 711 indicating
that this part of the disiribution or “matrix’ essen-
gatlv remains homogeneous throughout the fow
unii. Grading s therefore a funcnon of gramsize,
and 15 controlled by the hindered seuling velociies
of particles. Onby large clasts have sefficiemily high
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serthing velocities. and thevefore coarse-tail grading
and poor sorting resuli.

The example shown in 1 “gure 711 s churacrer-
ssed by reverse grading of Jow density pumice and
normal grading of high density ihics. This tvpe of
gravitational vor buoyvancy grading must resulr
from the densiey contrast herween the larger clasrs
and the matrix. The MAlrx i invariablv denser
than the pumice clasts (Table 72 and ris thought
that the flotation of the larger, lower density pumice
clasts causes the reverse grading (density of Dusmice
decreases with siye) This implies thar the matrix
coneled mot have been greatly expanded 1n the moving

Tabhle 7.2 Comparnsng of the densies of surmes and matre
ol four flow unis of the Minoan igrirabrite

Flosa urs Purmice dersin, Matrix® densiry
o cre ) fa om
ENOL
.08
. 064 T
5! Q.54 1.00

Matnx
Nene o
Dree

T S
Horae b

ficates mhat ihe
have baen g ¥ 2xpanded. In
moving Hows could at most have only be
present fiow unin thics 4. Fow unr ;2

WOWEd novrms qrading
Dyroclastic flow

LT Twice the
discussed in tex)

and shown o Figure 7 47
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Figure 7.11 Cumidatve
frequency - graing
of the thie

$ 100 samples
ne Mingan
Dles from

samples

(1
from aver 2h of;

e

pyroclasie flow, otherwise the density conirast
would have been josi. andd therefore the matrix
density is an upper limir for the ensity of the
moving fow, For the example in Figure 711 the
density of the fiow must have been =06 1o
<LOS g em ™ (flow uni a Table 7.25 Lithics,
because of their high densiry (~2.% gem™h sink,
and m this exampie the largest and heaviest clasts
have formed a disiiner itthic concentration zone a
the base of faver 2p.

The 1vpe of grading observed within » flow unit
places mmporan controls on the properties of the
moving pyroclastic ow. Normal gradmg of pumice
may be due 1o more-expanded flows in which the
pumice densiry iy greater than the matriy, Reverse
grading of lithics tFig. 7.12; SUggests thar Hows
were only marginally expanded. In such fows high
shear-strain rates will he mposed through their
thickness and shear-induced grading of the farger
clasts will result. In such How unns it is often hard
1o detect a separate faver Za. because the whele flow
was elfectrvely being controlled by boundary laver
effecrs,

Reverse grading of larger and denser clases 3o
similar to thar commonly found in block and ash
fow. and some scoriz flow deposirs (Figs 5 14a, &
152 & b, and again in these deposits g laver 2a js
often consprcrions or poorly developed. Nairn




T

PHY SURARRIAL PYROCLASTIO FLOWY AND SURGES

Figure 7,12 Flowe unl showing averss
Brhies o the RBncan ganimbnite
rosnanal bench:
It

aratling of arger
Saptonrg, Ly
st

and Self (1978 ayessed the mmportance of gramn-
fow (Lowe 19760 Cho 100 and gram disperseee
forces producing reverse grading in the Nyauruhoeo

75 scoria-How deposis, Howevero nor sl reverse
vrading i scorin How deposits s shearanduced.

and in some deposins reverse grading of scoria clasis
is controlled by prvianonat erading Bl 508
Fhus, there are two mechanisns '\l‘t!d‘a!(‘l"l” ERTRIE

tail grading covith Lrver Thoom peroclaste flows m
soneral:
(e ersviatonzl or buessmovanduced grading
1

A

b shesr-induced grading

These both oocur i a spectrum of pwmnice How

e Tsorctimes i the same cpmmbriet. and
which mechanism operates i1 conurolled by ihe
degree of expanainn of the dow,

The degree of expansion of the Bow s related 1o
the arpount of Buldisanen o the verieal g
raie upwards throneh the Gow . and this will conirol
vruching processes. In the
Wilson JTable T Fieo TN buoyanoy-induced
cradime = found m evpanded tepe Y Hlows s and iz

ssiffeation soheme of

well developed i segregaine tvpe b flows, Shear-
wdoced grading 1= tound mounexpanded vvpe |
Hopars,

The sey Bow processes mvolved i lsdisaton
produce thetr swn gradme and sorang m the Giner
orped fracnons, A mecthod has been developed o
anaivee this tvpe of gas grading. and rhe detals ape
givenan |0V Wrieht and Walker (198 and |V
Woright (198100 The method tasicsllv assumes that
Bigh expanded fows wall Tose 1 loe of fnegramed
ash dipto the overrdng terbulent clowd: while
Jess-expanded  flows will dose relatvely smaller
ameunts. A qualn AUV assesEmenl van be mnde 1o
the field because. if the magma wore porphyitic,
haghly expanded lows should have bose o losh
proportion of Bone oless, and therefore the st
should be very covsiab-enriched compared with the
proporuon of crvsials e large pammice lases
Hamime .

(18

The corollare i that flow arns showing grav-
ol grading shouwdld shews ovidence of s
grading

TA4 GASSEGREGATION STRUCTURES

Gias segregapon pipes i pvroclaste How deposis
wory recogrised be GO Do L Walker (1971 1970
who descrshed thern e Cfosal fumareles” He
Jemonstrated ihat they woere enrnwhed im0 heavy
COFPONSni= oo

rystabs and Hikes, and suzeested
thriueh the ash
mratrrs of w o o deposibon b 7130 Barbers
FEOS s VD he nl Jeserthed lomarale piposn
ihie ( r‘W'i' Lake succession. Smwee Walker s andies,

that thev formed by oees sireaman

they hosve been commondv found moenmibeie fe
untis. and  abse

e semne dense
pvroclasoy How deposin Fage 5 ML 1300 3 & 1eh
Pipes have alse been {ound e ancient pyroclasne

ase o pupes o
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sunbrite:, and {a) {b) (e} (d} Figure 7.13  Gra

. nistogra
rolted by the Wt

we 1w related 1o

gas Hews

Ticat
B owill control
on scheme of

Walker

vanov-mnduced
T dows, and 1
S flows. Shear-

wided wpe 1
host

in Huidisanon [

aein the hiner-

i developed o

the dewails are

Sxlrand fLV.

“

ot [T -

% .iﬁ.\,a.lmu‘!hag P ; e ; G :
of fine-gramed : e,

‘l(ﬂld‘“ while ] samice - tithics [ e erystals

el smaller

an be made in
re porphvrine,
w dost o high

How deposits. where they are especially importam
tor distinguishing pyroclasiic flow deposits from
epiclastc debris-flow deposits (e g, Duvverman &

are the matrix Roobol 1981: Water escape pipes which mav éx
& i c 3 . . . . L b
- appear very smnilar have occasionally heen & .
pared with the ippear very sunilar 'h Ve 0CCASION iil_\ i. cen found m ) 0
nice clasts or coarse-graned  sedimentary debris Qow  deposits L 1
Tce clasts o e G ) ) oy N fiow unit d
(Postma 198350 including the deposits of the March

OWIngG gravi-
wence of  gas

CTURES

S Hlow deposits
rl97E 1972,
umaroles’. He
Shed i heavy
and supgested
birough the ash

S 135 Rarlier,
rarole pipes in
alker's stuches,

nmmbrite fow

clast vpes of

15c.d & 1ol
CTL PVroclastic

1982 Mt St Helens debris-flow evenr (0 ] N.
Wilson pers. comm. ).

Cras segregation siruciures are generally up o
about 50 cmon length and a few centimerres wide.
but guite often thev are onlv several centimetres
lorg and & few grain diameters wide. They are
charactenisucally depleted in fines and enriched in
crvsials and lithies. Much larger segregation Dipes
=2 m long occur in coarse. near-vent ignimbrite
tacics (Ch. 81 In cross section they mav have quite
wregular shapes. and are not necessarily true pipes:
pod-fike structures mav also be found. Segregation
pipes are ofien more common towards the upper
parts of flow wunits: however. they mayv alse be
tound w1 the bases Fias 7,04, 514 & 15¢), These
vanatons are thought 1o reflect the effects of
different gas sourees,

anc pods can be produced during Huidisation

As desceribed o Section 7.0, SEEregalion pipes

iboundgary

iground surge
deposits

fluvigtite
gravels

NG

apove b
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¥

Figure 7.15 Gas segregation ppes n flow urits o the
pMinoan Lgmmbhte, Santorin, Greece, which are nterbedded
with coarse-grained Hash flood depnsis generated dunng
the aroption

experiments (Fig. 775 Such siruCiures are very
resistant 1o mechanical mixng. and once formed
were found impossible to destroy under laboratory
conditions: they have a high vield sirength because
LU 1 dow (0L T Wilson 19801 This implies
segregation pipes in pyroclasue fow deposits need
not alwavs be a secondary or post-emplacement
feature, but may be a primary gas-flow fearure
surviving from the moving flow,

it 15 the intraflow gas sources that are potenially
the most important ‘ubricatung agent” and agent lor
the support of clasts in moving pyroclastc flows,
especialiv pumice Hows. Gas released from juvenile

Figure 7.16 FRermnanis ot 5 carborsed iog (by lens Gar
with irrequiar segregation pipes s ot
distal part of a mid-Pleistocens grmibrite i New £
Photograph by O N Wsan g




HIES Are verv
vnce formed
Tor laboratory
sneth because
Thits implies
deposits need
emplacement

~How  feature

e poienually
and agent for
wlaste Hows,
trom juvenile

ey by lens cagl
it This g an the
Zealand

claste by diffuston. and breakage and avirinon,
should merease svstematicallv with height through
a flow, and wauld theretore appear 1w conmral the

{ormation of pipes found concentrated towards the

Wi 1

waps of

How units. Pipes of this wype are now
suspected 10 be generated In the moving flow.
although once eswblished thev mav also ac 10
concentraie post-emplacement gas flow e thev
may cul @ later flow unie: Fig, 7140

Pipes jound at the bottoms of fow unis are
perhaps generaily derived from exiernal sources.
and are considered to be posi-emptacerment (e.g.
they cut basal lavers: Fig. 7.1y Good examples of
this tvpe of pipe are found tn the Minoan jgnim-
brite. where flow units are interbedded with torrent
deposits: and heated  ground water was the gus
source {Bond & Sparks 1976. Fig. 7.15.. Segre-
garion pipes can also be found above burnt veg-
cration and logs (Figs 714 & 161,

Smail segregation pipes have also beep recorded
from pvroclastic surge deposits. Examples are
found 1 ash-cloud surge deposits in the Bandelier
Tufts (Fisher 19795 These cut the infernal lami-
ration of the surge deposits. and were [ormed by
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post-emplacement gas How from the underlving
parent pyroclasoe flow unis,

TAS LATERAL GRADING

Smull. denser-clast types of pyroclastic Hows may
carrv the largest blocks along the full leneth of their
run-out. and show no appreciable bneral grading
regs PONE L Francis o ol 19740 1 N Davies o al,
978

Many ignimbrites are known o show a decrease
in the maximum sive of firthic clasts wih distancs
from sou Figs 717 & 180 The disuance a
which clasts segregate ow tinto a Lthic concentration
zone Al the base of laver 2h) will be dependent on:

tar  size and density of the clasts and
ib: the densttv or viscosity of the ‘mamrid of
fHwdised fines.

Using the above criteria and data on the lareral
gracding ol large lithic clasis. Sparks 11976 1 estimared
pumice flows to have apparent viscosities i the
range 101000 pose. Some igmimbrites show hiie
or no lateral grading of larger lithics. and these mav

(bYlgnimbrite &

I Figure 717 Lazteral  wanaton o the
avarage dismeter dnoomd ol the three

st lithe 2o four of the Vulsin
gnimintes ]
from Latera caiders {feft .
gnimibrites A F and Foand B
frightt for grambnie O (Afrer 5

{c) . fgimbrite (d}
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Fnembicts breco
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0 black s inhics

briefly present some results of the modelling of (he
movement and emplacement of pumice fows from
Sparics er wf. {19785

The models of Sparks er gl (19781 indicate thar
the hesght of eruption columns. when collapsing
above the vent, 15 between 0.6 and 9 km for the
range of wvalues of the controlling paremeters
considered (gas velociiv, water content and vent
radiusrisee Ch. 85 Thev then postulaie that when
eruption coiwmn collapse occurs. the mixture fows
away from the volcano as o densitv current with
high velocitv, Tniual velocities of the flows range

eruptions mav still have velocies of 100 m ™' w

distances of 30 km from the source. The models
show that weinally the mixture is bkelv 10 be s

voroned upper man flow umt of the Acadan ammbrie
distrbution. Ash content highiighted by clos
s ocour (O, 81 Inses

S encloas are

(Afier )

Masaco tal Profiles a1 thres

marks

et (g

highly wirbulent. rapdly moving density curren
with a low particle concentration. However. a
considerable proportion of the particles wransported
by the pumice flows are unable to be supported as a
turbulent suspended load. This is hecsuse much of
the gramnsize disiribution has werminal fall velocities
well above the shearing stress velocities maintaining
rurbulence ina flow. even lor rapidly moving Hows.

The ability of turbulent flows 10 suspend particles
1 velated 10 a paramerer called the shearing stress or
fricnion velociie, V. defined by

where «f 13 the drag coefficient of the ground and [
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Figure 7.20  Composi
thie Acatian iorimbnie
neer Ao 1
Bt th 1
o top ol e foswen rhvoline
19y Haght ol o

Wt ColoL T

fryolttic

ancd the darke

O vt large dark

sart whaeh mark tha passage

AR A

i the mean velocitv, True turbulent suspension
sccurs when the rerminal velocny. Vool g particle
i« less than the product of the shearing stress
veloctty and @ constant (i Values of PV were
computed at the same time as the vetociny distance
Figure 7.22 shows the

curves shown in Figure 7.2
variation of PV wath distance from the vent. (i
dirniishes away (rom the source as the miensiny of
mirbulence diminishes. In Figure 722 the seyminal
velocities of pumice and fnhic clasis are shown in
Quids of several different densities. wgether with
shearing stress velocnies for flow velooines of
and a drag coefficient of G.01. These
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show thar even in fast flows onty particles Aner than
about I mm can be transported i rurbulent sus-
pensien and. in many cases. only particles finer
than a few hundred micrometres can be suspended.

It was therefore deduced that pyroclasuc flows
develop a high-concentranion basal zone within a
few kilometres of the vent. as larger clasts setide to
the base of the flow. In such a hugh concentration
flioww other mechanisms of particle support are

dominant isee abovel and the fow s capable of

iransportng Hihie clasts of diameter several centi-
metres for ens of kilometres. The motion of the
lower. dense fiow disseciates isell from the upper
turbittent cloud of fine ash and gas. which mixes
with the aimosphere 1o form a conveetive plume.
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7.5 Form of moving pyroclastic flows:
head, body and tail deposits

The werm form’ 18 used to describe the shape which
a pvroclastic flow will assume when moving.
€. ). N Wilson and Walker (19821 proposed that a
pyroclastic flow can be divided into a head. a body
and a tail (Fig. 7.245. The head region and the hody
and il region have different fluidisation states. and
this controls the development of separate lavers and
facies within a pyroclastic flow deposit. Flows with
well developed heads should produce deposits that
are very different from those without heads. in
which nearty all of the marerial s deposited from
the bodv. tris at the head thar erosion takes place,
and this will be greater in flows with larger heads.

The most flurdised part of & pvroclastic flow will
be the flow-head (0] N Wikson 19805 into
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mgested into-the moving How causes portions of the
pumiceous head to burst conunually and 1o be
jetied m advance of the flow proper. Large amounts
of fines can be lost by this process, and m the
Taupo depost this gave rise to the distinctive fines-
depleted ignimbrite or FDI G, P L. Walker a1 af,
F980g: Figs 7.27 & 281, At Taupo. excessive loss of
fines was antributed 10 a verv high throughpur of
gas, resulung partly from the ngeston of large
amounts of vegetation and party from effects of
ground surface roughness on a very quickly moving
pyroctasiic How. so promotng air ingestuon. Data
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Figure 7.26  The ground aver of
e Taupc igmmbrite, New
A jeration about 15 ke

1Ch 8 The ground
kAt nich honzon

vinch overlies the
Taupo ultrapimise purae-fai
deposit {Phomgraph oy O 0 N
Wilson |

on the height ciimbed by the flow sugges: that the
flow velocity probabiv exceeded 250-300m & !
near the vent {Wilson 19831 These are the highest
velocities ver inferred from field observations for a
pvroclasic flow. althongh theory suggests that they
mav not be vnusual (Frg. 721 Carbonised veg-
etation is found at ali levels in the FDI, indicaring a
therough mixing by turbulence and supporting the
theory of mgestion and volarlisation of large
volumes ol vegetation, In other fines-depleted
rgnumbrites, turbuience, induced locally by surface
roughness, may have been the most important
cause of fines loss, c.g. on 8t Lucia (Fig. 13.35)
where pumice flows travelled down narrow, winding
and heavily vegerated vallgvs (] V. Wright o1 al.
1984,

The presence of jetted. as opposed o surge,
deposits ai the base of the Taupoe ignimbrite may be
related 1o the high velocity of the flow. Only
packers of material with a high solids concentration
could burst Torward with sufficient velocity 1o be
depostted before they were caughi up by the flow
proper. It iz onlv where the parent flow proceeds
more stowly that diluie surges have  sufficient
velocly e move ahead and produce a ground surge
depost je.g. as ar Santaguie in 19730 Cho 32
o) N Wilson and Wallker 719825 proposed a
velootv-dependent bierarchy of conditons occur-
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Figure 7.28 Funesdepleted pumice deposn formed hy
jeting from the flow head of the Taupo gnimbrte, MNewy
Zealand. Note the clastsuppornied Taxtures

ring at the Aow-head of a pvroclastic fow, leading
to the formation of the various laver 1 facies Tig.
7.29%

The body and il of 2 pyroclastic flow give rise 1o
faver 2 deposits. In most examples the body—tail
region must have siddenly stopped. with a conven-
tional flow unir (Secdon 7.3 coming to rest. Layer
2 deposits in the Taupo gnimbrile comprise 1wo
verv different facies: valley pond ignimbrite, or
VPI (Plate 7i. and ignimbrite veneer deposit. or
IVD (G, P L, Walker o ol 1980b, 19810, C. ] N
Wilson & Walker 1982, G PP L. Walker & Wilson
1983, G. P. L. Walker 1983, VP shows features
that are tvpical of & normal pyroclasiic fHow unit,
The TVIY is verv different. and mantes the fand-
scape. Fis swatified in localines near to the vent.
and occasionally shows bedforms (Fig, 7.305. and
for these reasons there has been debate whether this

ncreasing flow velocity
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: & ¢ f e % P
Figure 7.380  The ignimbrne veneer deposit of the Taupo gmimbrite. (3l Finely stratified VD averbying coarse FDE iooality 15
16 km fror source. (b Coarse purmce lenses i VD on iee-side of topographic obstacle: How direction left o nght sty 15
approximately 15k from source. Note shovel for scale. (Photographs by C U N Wilson

increasing flow velocity
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depostt s @ type of surge or not. However. the
wetght of the evidence suggests thar 11 was left
behind as a wail-marker by the tail of the flow as i

moved over topography. C. ] N, Wilson and

Walker (19827 suggested that the tail consisted of

the lower parts of the flow which. because of their
proximity w the ground surface and their lower
flusdisation stare, were moving less rapidly than the
bulk of the flow. and hence were left bhehind,
Grainsize stratdication 1s thought 10 represent the
passage of waves of material in a continuous high
concentration flow. each wave depositing a laver.

{(a)

/ l . -
Figure 7.31 Rl

These lavers are developed out o abour 40 km
from the vent, and the number decreases ourwards.

(Other bedforms are found on the lee-side of
obstacies. where the flow jumped the ground
surface. Lee-side lenses of pumice developed in
turbulent vortices under the fast-moving flow, and
sometimes large prograding foresets are developed
{Fig. 7.30hs;

IV and VPI facies have heen recognised in
some other ignimbrites. They are deseribed from
the Rabaul ignimbrite G, P L. Walker o al.
1981¢y, and examples which were first called ash-

{d)

-

Sparks ef af 11977 : Taupn
sy-ponded Taupo
wnimbinte. Where large hithic > e at the b ]
ayar 26T s often possible o show they were derived by
BIosion from PCZ s &
CONCEeNtraton S an uppers §
roas predicted from expenmental studi

& of

78I e

grumbrite veneer deposet (o [ N
o > sheclout surge depasas dayer
da, 598 Taupo wmmbrite (Afwer 40N

Vilson 1885
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; ! i . N . N . . . -
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forming levies ie.g the Mt St Helens 22 Julv and 7 frant . instead @ zone 35 km wade 1% {ound where
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dense block and ash flows ar one extrome. 1o
wrhulent, low density. violent wypes at the other
exireme. The latter. although onlv recentlv recog-
nised. mav be more common than s currenthy
realised. Clearly, much mere work suill needs 1o be
done on all aspects of pyroclasiic flow processes and
on the characienistics of ther deposis,

7.6 Pyroclastic surges as low particle
concentration flows

Pyvroclaste surges are regarded as morbulonr. highly
expanded. lowe particle concentranion flowes (Cho by
Wohletz and Sheridan (1979 descnibed surges as
time-ransieni. upsteady flows of tephra that occur
as a pulse or series of pulses m which the kinete
energy rapidly decavs. Surges are complex drree-

phase svsiems. heing mixtures of solids, gases and

water. The proportions of these phases vary from

one surge 1o another. and even during the flow of

individual surges (Adlen 19821 bur volumaerricaliv
the proportion of sohids Jand thus therr concentra-
tion: 15 subordinate 1o gas and hgquid o most
surges. and therefore much less than i pyroclasue
flows also see G P L0 Walleer 1983 In Jwor, dry
surges the liquid phese is an insigmficant compo-
nent. In el lowwer temperaiure swrges subegual
proporiions of all three phases are likelv. In rerms
ol anaslogy with epiclasiic sediment transport pro-
cesses. surges are therefore voughly akin w0 sub-
agueous turbidily currents (but see Secrion 711 for
further ertical discussions. whereas most pyro-
clastic Aows are akin 1o high concentration. viscous
regime debris flows «Ch. 105 Surges can result
from eruptions of anv magma tvpe. and can arise
from both magmatc and phreatomagmatic erup-
tops (Chy 5 & 64

Durmg the inital stages v pyroclastc surges,
sohd partcles are widely dispersed within the finid
phaseis:. and are essentially supported and driven
by them through tarbulence m the gaseous phase.
The solids thus hehave o a partcuiate fashion
dunng ransportion. and are {ree 1o sort thems-
sebeey hvdraulically, In viscous mass flows parucie
mieraction and  partcle-Huid  cohesion hinders
sorting 1o a large degree. As the wetness of surges
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ncreases. particle freedom decreases due 10 ad-
heston processes (see below

Surges have densnies higher than the ambien:
atmospheric density. so their passage will be largely
gravitv-controlled.  Generallv. thev follow topo-
graphic lows (1. 4. Moore 1967, Warers & Fisher
1971 but. because of their largelv turbulent nature.,
stemmime from an mital explosive thrust or high
gas content relative o solids respecially fines. see
G UL Walker V9820 or from both. they also
have the abibiv to climb verv significant 1opo-
graphic highs and 10 mantle them wih g thin
veneer of ash te.g. Figo 310 Narn 1979

Surge-torming eruptions are ususily composed of
muluiple surges, frequentiv as pulses with neghgibie
gme intervals. Surge-forming eruptions mav there-
fore lead 1o depostis which are stacks of surge-
deposted beds. Successive surges may erode and
rework 1o varving degrees the deposits of preceding
SUPges.

7.7 Energy sources and initiation of surges

in Chaprer & surges were subdivided into three
mam vpes:

base surges
ground surges
ash-cloud surges

Fach has o dillerent ortmm. and mav therefore
contam  differemt proporvions of the three main
phases isohd. gzas and hguidi. This mav in wrn lead
10 surges with varying phvsical properties. trans-
portational and  depositional modes. and  {acies
characteristics of their deposus,

771 BASESURGES

Base surges (], G Moore 19677 ongmate from the
hase of & phresiomagmaric eruption column as an
outward moving, ground-hugeing, yurbuient coud
of Buid and ash Cho 50 g, 50170 They develop
from phreatomagmane blasts m the vent. which
cieet dilute mixtures of sobds. gases and sieam.
These expand rapidiv on erupton and then spread
radiadlv. or flow along direcied paths as turbulent
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s They may
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cderupton
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winaton and
in much the
. those tha
10 Hows mav
v be due o
How front. o

CNTanon o ne

i fowe

by erosional incorporation of excessive amounis of
vegetaiion with ns high water content (Secrion 7.2;
Frsher 1979, ] N, Wilson & Walker 19825
Both of these elements would be instantlv heated.

i wonld nt‘min. oo 31\1;_”\ expandine cells wln

LR s 4 (REENSEREH ) LY

could have enough momentum and excessive kmetic
energy 1o be gected forward. out of the head of the
moving pyroclastic flow as g celi of highly u.lrhl.ﬂem
gus and vapour with low partcle concentration.
which moves forward as a surge (Fig. 7340 The
surge deposit v then immediately overridden and
buried under the bhasal facies of the foliowing
pvroclastic flow (Figs 5130 230 & b Sparks &
Watker 19730 (0] N Wilson & Walker 1982
Secnon 78y

T3 ASH-CLOUD SURGES

Alse assocated with pyvroclusuce fows are ash-cloud
surges (Ch, 510 forming from the raibing ash cloud
which billows above and behind a pyvroclastic flow.,
as gas and fine ash siream our of the head and hody
of the flow under the mfluence of fmdisation

processes ‘Fisher 19790 Secuon 7,21 This loss of

fine ash s called elutriation. and was discussed in
Section 5.2

The energy in this type of surge s derived
entirely from the parent pyroclastic fow, The surge
acguires 18 momentum and kinetic energy rom the
pvroclastic How out of which i stems. Unlike the
purent pyvroclastic fow with high paricie concen-
tranon. which 1y essemially flowing in laminar
fashion (Section 7.21 Sparks 19767 but see aboves,
the associated ash-cloud surge Hows wrbulentiv,
This warbulence also has 1wo sources - convective
circulation and the overall high velociv of the
surge, which contributes 1o high Revnolds Num-
bers. as discussed above. The wurbulence supports
the soiids,

7.8 "Transportation and grain-support
PFOCESSEs 1 surges

It has been suggesied above that the ransporiation
of pyvroclastic detritus in surges 1 dominated by
turbulence in the supporting gaseous phase. This is
based on direct observations of recent base surges
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G Moore eral 1966, 1 G Moore 1967, Waters
& Fisher 19710 Kienle o af. 1980, Self o7 ol 1980
and on the sedimentary sirsciures observed i the
deposits of all tvpes of surges. Observed surges are
dominated by turbulent billwing clouds of gas.
steam and ash. On this basis. ]t‘.i\f the peripheral
parts of surges are wurbulent. However. the unob-
servable inner. lower parts. or the bodv of the
surge. can also be considered 10 be wurbuient by
e of the tractional sedimensary sireciures such
as waves idunes . cross-stratibication and horizonial
laminanon commonly found m their deposits (] G
Moore 1967, Fisher & Waers 1970, Warers &
Fisher 19710 Wohletr & Sheridan 1979, Allen
P98 Fews TOSD Frgs 5200 22 & 230 All of these
structures can onlv be produced by grain-bv-grain
tractuonal transport trather than on masse: Ch, 105
unplying low grajn concentrations in the transpori-
g medium. Under these circumstances. the uplifs
Joree of gurbudent flud eddies o the main grain-
support process possible during the hutk of surge
movement, Suspended gramn-support will be mam-
tained as long as the drag foree of these uphifting
trbilent eddies exceeds the setding velocities of
grams al the appropriate Revnolds Number for the
turbulence fevel (Allen 1987

I wet surges, this simple analvsis is complicated
by the process of clumping or adhesion of particles
m the very meist aimosphere of the moving surge
tAllent 19820 Levs 19820 Clumping and adhesion
refer (o the aggregation of moist grains. especially
fines. with mosture droplets. so increasing the
effective dvnamic transporied cratnsize. For continued
suspension iransport of these clumps. the upward
component of the Huid drag force must therefore
also exceed the sertling velocity of the clump. The
criterion lor rurbulent suspension has been dis-
cussed in Equation 7.9, Allen 11982 suggests that o
simple criterion for suspension transport 1o be
predominant 15 a Bagnold criterion:

W7 = 1028 SO0

where Wis the parnicle settling velocine and U7 as
defined m bBguaton 7.9 the shear velocin of a
moving flow or current,

These condinons hold for an imnal highle
tarbulent state and for small grainsizes, However.
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wir. However, there will be overalf loss of hear and
energy from the surge. Levs 119825, following Allen
HOTEOTOR21 sugpested that because there s only a
small everhang in the profile of the head or teading
cdge of observed surges. i1 ix undikely thai signifi-
cant ingestion of external air 1o the head and at
the base of the head occurs, I this is so. then
mgestion and mixing. and fuidisation 10 the head
region of surges. can be discounied as sientfican
gram-support processes. The absence of known
cas and segregation pipes orginating within surge
depostts <cof. pyroclasue flow  deposits. Section
S also supports this. This s not 1o sav thar
surges do not contam gas and air. which 1s 21 times
reflected by post-depositional vesiculation in surge
deposus ie.g. Loreny 19745,

What. then. are the potential sources of the fluids
providing gran-suppori in surgess Ag for pyvro-
clastic Hows (Section 7.25, the obvious sources are
magmatic volatiles rbotht those initially present and
those that diffuse from juvenie fragments within
the surgel. external water incorporated  during
phreatomagmatic eruptions. and volatiles derived
from vegelation over which surges ravel. Although
the tole of external amr ingested into the head and
fudising the flow as o significant aid 1o aram
support for ihe bulk of the solids has been
discounted above. 1t s fikelv thar significant mXing
of air inte the billowing top of the surge oceurs
tAllen 1982:0 There. the mixing will provide
wirbulent support for onlv the finest grainsizes
lransported by the surge.

7.9 Diepositional processes in surges

Any transporting medium beging o deposit 11y foad
when the energy fevels drop below the threshold
fevel needed 1o mamntain discrete EIA SUPPOTT or
rachional enrrainment, o drop below the momen-
T of @ mass of particles MOVINE 23 THasse 45 One.
Surges. although mniaed by an splosive” ithrust.
ance m moton. behave largeby as gravive controlled
densiy currents (Allen 19825 As the wrbulence
which provides gram support declines in response

Cteovoolmg and slowing. o changing mode from
Csuspended aransport. associared initallv with an
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SRS S,

fCosurface traction fransport will
commence. The energy that generares rurbulence
for grain support is. as described above, of two
tvpes: convective wrbalence, due 1o the heat in the
surge. and velocity-induced turbulence in a medium
of fow viscosty and high lateral veloctiv, Turbu-
lence due o fludisation-induced streaming  of
external air is considered w be minor fSection 78

Conveciive turbulence will he dssipaied as the
surge cools w transit, This will occur as lateni hear
is fost during condensation of steam 1o water and ax
cold air 15 muxed Inio the surge. partrcularly along:
s top. However. convective turbulence  will
probablv be  subordinaie o velocinv-induced
twrbulence. As the velocitv dechines. the sediment-
carrving capacity of the surge will also decrease,
and the surge as a density current will be dissipated.
Allen (1982, p. 397 proposes four causes for the
dissipation of a sediment densiiv current with u
steady head and uniform bodv:

van densuy reduction through sediment lass or
engullment of ambien: medium.

by reduction in How thickness, related 1o How
stretehing or collapse.

feitriction ar the buse and upper surface of the
flow. parthv involving densite reduction due to
mixing bewween Qow and mediom and

«hi reduction in bed slope.

Fall-out of sedimen will cause a decrease in the
bulk densuy of the surge and Joss of momentum
f= mv. mass * velocivi, and hence velocny and
turbulence. accordmg 1o the Revnolds Number
criterion. A reduction i the slope will also hwer
the velociry, as potential energy is being lost. (Given
the Jow density of surges. the coefficient of rction
between the surge and ins subsirare will he low
while the surge 15 inflared and carrving a large
suspended sediment population. However. when
will produce a concentrated basal tractional arain
faver. There will be 2 higher coefficient of friction
berween this gram faver and the substrate. PETIN-

the surge begins to deflate sionifican: aram fall-ow

nng sedimentaton and further sloving of the surge.

Fricuonal retardaton of o surge can also oceur by
mixing of air al the head und top ol the surge. Allen
VORI suggested that the dissipaton rare of 4
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7.10 Facies characteristics of surge
deposits

The facies characterisues of surges can be readiy
discussed 1 rerms of some of the essential facies
parameters introduced in Chapter 1. including:

geometry
grainsize

SOIrTing

shape and vesicularivy
COMpOsiion
depositional structures

001 GEOMETRY

The geomerry of surge deposits will depend on the
tvpe of surge. the topographic control and posi-
depositional erosion. Bose surges. being @ veni-
related facies. will build up an annulus around the
vent which is wedge-shaped in cross section.
thinping radially away from the vent, Base SUTEes
form one of the principal facies of wiff rings and
miaar voleanoes (Ch. 137, The depostt from a single
surge Wil be g thin sheet, with minor vasiatons in
thickness being  controlled by pre-depositional
wpography and the surface bed-form e, dune
torms:. However. base surge deposits are almost
mvariably composed of multiple lavers representing
muliple surge events e, Figs 521 & 221, Such a
pile mav be tens of metres thick around the vent
oL Crowe & Fisher 1973, Schmincke ef o, 1973,
Sheridan & Updike 1975, Fisher 1977, individual
layers may be up (o a mewre thick near the venr.
although usually closer 1w 50 cm or less, and
distallv away from the vent. onlv millimeires 1o
several ceptimetres thick. Base surges probablv do
not flow further than 10 km from the venr. and
usuallv onlv several kilometres, As such. a sticces
sion of base surge deposits in the rock record is
mdicative of proximin 1o the vent. Thev mav
contamn antercalated air-fall lavers. as well as thin
near-vent peroclastic fow depostis teg. Fisher o
af. 1983 Successive base surge denosiis mayv he
separated by thin co-surge ash-fall deposits up 10
several centimetres thick. derived from a wailing
ash cloud el co-ignimbrite ash-tall deposits .
Grvond surges . usually being expulsions from the
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head of a p\'mr]a\*iic flow will usually deposh
thinner facies intervals than base surges do ey
Fig. 3230 They mav he ne more than several
metres thick, and usually 4 meire or less. and
should he directly overlain by the hasal fac
parent pvroclastic flow, Being ¢jecred from a
moving pyvroclastic flow . the geometry and exrent of
eround-surge deposits will largely be controlled by
the topography inte which the pvroclasic flow has
moved.

Ash-clond aurge deposits should oecur as 4 thin
fup fo several metres thicks sheet of fine ash.
manthing the deposit of the host peroclastic fiow
behind which 1t tratled ‘.o Fisher 1979 Fig.
521 However. the preservation potenual of ash-
cloud deposits 1s Tow because of the eflects of POSE-
depositional erosion. Unless quickly buried beneath
further eruptive producis. thev are likelv 1o bhe
stripped off shortly after emplacement.

7102 GRAINSIZE

The grumsize of surge deposiis reflects both the
degree of fragmentation ar the tme of ey upLion and
the competency of surges 1w carry particular
gramsizes {Ch, The coarseness and variance in
the gramsize is thought o be a refleciion of the
fevels of turbulence (G P L. Walker 1983, Ag
Crowe and Fisher 11973 pointed our. because
surge-forming eruptions are highlv pulsatory and of
vartable explosive sirength. there mav be con-
siderable changes i the Howepower and in the
grainsize characteristics of successive surges. and
even within single surges. Near to the vent baliistie
fragmems and wr-fall materials mav also be in-
corporated into surge deposits. However. both
base-surge and ground-surge deposits. because of
their high energy state and because their sources at
the vent and the heads of pyroclastic fiows ma
contam considerable course debris. are capable of
carrving. and do carrv, significan! amounis of large
lapilli-size clasis. However. ash-vioud suroes. heing
the producrs of continued elurriation processes in
the head and body of pyvroclastc flows. will he Jow
energy swstems and their deposits will be fine-
grained. rarely containing lapilli. and then probabiv
only highly vesicular. low densirv ones.
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reflection of the mode of fragmentation of the
magme during eruption than of flow processes.
Hence. base-surge deposits, being of phreatomag-
matic origin. will be dominated by poorly vesicular.
blocky fragments where the erupting magma is
poorly vesiculated (Cho 350 as will the deposuts of
ground and ash-cloud surges whose host pyroclastic
Hows have been associated with phreatomagmatic
erupuons ce.g. Self 19831 However, ground and
ash-cloud surge deposits derived {rom eruptions
driven by magmatic explosions (Ch. 31 will contain
abundant vesicular fragments. although concen-
traiton processes during the inlliation of greund
surges mav concentraie denser lithics and cryvsials
11 the surges {Section 3.7 5.

0.5 COMPOSITION

The compositon of the erupting magma  and
products has an mdirect relationship o surge types.
Basaluc pyroclastic eruptions essentially do nor
produce pyroclastic flows. As a result, essentially
all basaltic surge deposits lound 1n the rock record
can be inferred 1o be near-ven base surge deposits.
The converse is nor wrue. however, Intermediate
and sihicic eruptions can give rise 1o all three surge
wvpes: base. ground and ash cloud. Accidental
clasts may be a significant element in a surge
deposi due 1o explosive mcorporation al the ven:.
and parvcelariv m phreatomagmatic base surge
deposils. Accessory ¢lasts mav be picked up in
transi,

7106 DEPOSITIONAL STRUCTURES

o

Depositonal  structures are  diverse in surge
deposits. and have been recognised as g TeSPONSE 1)
varving flow and physical conditions ever since
surges were recognised as a pyroclastic transpor-
ttional and depositional agent (1. G Moore ¢ af,
1966 1 G Moore 1967, Fisher & Waters 1970,
Waters & TPisher 1971, Heiken 1971, Crowe &
Fisher 1973, Schmincke e al. 1973, Matson &
Atvarez 1973, Sheridan & Updike 1975, Fisher
977, Wohietz & Sheridan 1979, Allen 1982, Levs
1952 Fisher cr af. 1983, Ednev 1984, bdnev & Cas
urprep Many of these authors have also recognised

FACIES CHARACTERISTICS 21

lateral changes 1 the nature of bedlorms or
assoctated internal depositional structures. or borh.
with distance from the vent. as a response 1o
changing flow conditions as dissipation of surge

CNErgY 000urs,

As with normal sedimentarv structures, siruce
tures i surge deposiis can be classified as:

pre-deposttlonal,
svti-deposingnad aned.
post-depositional,

Pro-deposiional stvuctures

Pre-depositional structures include erosion gullies
and U-shaped channels «Ch. 51 carved oul of the
deposinonal surface and filled by surge deposits.
The ongin of these depressions may be normal
epiclasuc erosional processes or erosion by pPyro-
clastic surges (e.g. Fisher 1977, Richards 1959,
Jo G Moore 1967: Ch. 3.7, Fig. 5.21c & d1. Others
mclude planar shide aofuces. usually on the inner
crater wall where segments of the unconsolidated.
frequently bedded pile of pyroclastics forming the
upper crater wall collapse and slide back inw the
crater (Fig. 7.37: Younger pyrociasuc surge and
fall deposits mav accumulate on this slide surface,

Svn-depositional structures

Syn-depositional structures inciude wave-like far
dune-likei structures called dwne fomms or dunes.
and their internal oross-siratificarion. massice beds
without siructure and planar beds. In a discussion of

the lateral facies changes of surges from vent to
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dsral settngs. Wobhlory and Sherndan 71790 usmg
many of the conceprs presented by Sheridan and
Uipdike (975
syri-depasttional strocturey relanve fo distance from

Jocument the ocourrence of these

the vent. bused on stedies of many voleanic conres
i the wostern HSAL Focies imrervals dommarnated by
wave- or dure-like bedivrms amd crosssiranficanon
occur closest o the vent. dacies anrervals with
Jdommmanty pwssive. structurclkess beds ocour
mediad distances and foores inrervals domimated b
Firo., 7OA%

sotha the

planar buds are mwost disial o
YWohlere and Sheridan o1
orderimg of rhese iacios with disiance from: vent can

be related o the changing How conditions within »
surge with tme and disrance and the smphoaboen s
that 2 facies model. much ke the Bouma sequence
for turbadizes. can be considered. The documenied
prainstze charactoristics for these facies - Neobieis
1953, Shendan & Woblers 1983 mdicate that ol
T

are dominaied byoashesived maenat (R
Floseever. Pdneyv (1983 and Bdnev and Tas fa
preg s have recognised that there i alse an estepne

assemPlaie of ipthi-dominaied base-surze aoes n

ihe bvdrovoloanie bosalie cendres of  wosienm
Victorm, Al inchrdimg massive 1o diffusely
lavercd Japili facies (Froo 740 cross-bedded
bapilli facies - Pz & 2 e amd planar-bedded lapith
facics Frg o hese

ave  associited wath

equivalenthy rructured ash faoress presumishly

sty o those of Wohlers and sSherdan 1970
The massiee o Jituselby Teveored lamile fucies

foasts 1 constdered by Bdney and Uas oo
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Figure 7.40  Tnree depositional facies of base surges: dune
form {tog), planar bedded imiddle and massive 1o diffusely
avered lapdll thottoml. The Upward succession from mas
1 planar bedded 10 dune-form facies reflects progres-
DAGSING s peint The

MY Qrainsize  cerresponds  with
z of fragrentation and explosivenes
gecraased surgo competency or both. Nots (he thin lenses
ol wvery low angls oo ratified ask withim the planar
edded Tates represaniing inapient oy
The duneform fac Interval  (topr o
ranging from less than anale of repose. (o :
angle ol repose. reflecting the wet cohasive nature of the
phreatomagmate ash. Flow 1s oblously inio the protograph
o nght ot et M Ve,

I

& o

s Towier Hill Volcarue

Weosterr Distnois, v

all been applied 1o the wave-like structures thart
chargclerise dune-form facies fboth ash and lapitli
deposas. Figs 321022 & 7400 Allen (1982 points
out that “dune’ and Cantidune’ have heen used
almost invariably svnonvmously with aguesies epi-
clastic wave forms. However. the use of these rerms
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wodittusety pedded iopill
O plengr tredded lepil .
Tl friow (rela

T fal
o ( Freig

for surge bed-forms mav be incorrect. because the
phyvsical processes mvobved in the formation of
pvroctastic dune forms and aqueous dunes and
antidunes are quite different. Dune-like forms mav
be svmmerrical or asvimmetrical. Asvmmetry may
be either uptlow or downflow. Dune-form bedding
set thickness decreases approximately logarithmi-
cally awav from the vemi ‘Wohletz & Sheridan
1979 and average wavelengih also decreases away
from the vent (J. G. Moore 1967, Waters & Fisher
1971, Wehlerz & Shendan 1979 Wavelength and
wave height are logarithmucally proportional 1o
cach other fAllen 1982,

Cross-stratification angles are highlv variable
tFigs 5,210 22 & 7,405, Alihough they approach the
angle of repose I some Nstances. in most mstances
thev are considerably less than the angle of repose.
suggesting that the origin of the cross-stratification
is not analogeus w low flow regime. agqueous, dune
formation. in which cross-beds form by passive,
merttal graviational avalanching of gramn lavers
down the downstreamn face of the dune. Such u
process also operates with the formation of seolian
dunes. and some ripples and cross-siratfication. A
similar process may be responsible for high angle
cross-stratfication m surge dune {orms. probably
associated with drv surges,

Lawe angle cross-sorattilcanon s due o bigh vel-
oonv. curren(-driven grain lavers betng sheared
over an rregbiar. waved surface which tself has a
relatively low rehiel due 10 high bed shear smress
operating.  Low angles of cross-strasficaton  in
surge deposits have frequently been equated with
aqueous anudunes, rrespective of whether the dip
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direction has heen owards the source cnormal with
aggieons anudunes) or awy
implicanon of (s a8 thar upper tlow
condinons. analogous 1o those 11 agueous uni-
direcnonal flow svstemns. were opetating. However
as Adlen 198D points oui. ts divect analogy 1s not
valid, In the aqueous svasiem we are Jdealing wah
cohesioniess sediment entcaimed whbin an agueous
medinm with @ density of 1 g om™© In the pyro
clashic surge situanian we are dealing with paroculane
matter driven by oa fhad \.x.'hici"s has a density very
rouch fess than that of wa
in the vase of div suroes,
pliase pre-solld sstems. the
analogous 1o normal acohan processes
surge dune forms. normal asvmprobe,
crossestrata of avalanche orin may ooeur

o from the source. The
resiime

w‘!“szrh are symple. e

progesses may he
Woeth
angly of
repose
B, oven so. the competency of sUrges m iranspori-
Htg coarse debris is well bevond the brang of normal
surface winds. and low angle cross-aranficanon o
common. In the case of i three-phas
there secems 1o be no diveer anddogy with
processes and  svstems. so

SHYHC
avsiems
normal sedimentary
mmphcanions of analogous flow regime conditons
and processes shoudd sircty be avorded. With wet
added comphications.
three phase wyseem. the

SHrges. arise becawse of the
existenve of a changeable
adhesion processes aking place o wanstt and the
cohesive nanue of the subsirare over which the
surge travels, The fust two of these are likely 1o be
JL&\_[)UHH]T h- }m' the often very fhuidal nature of the
lavering in suree dune forms. The deposinonal
process will involve adhesion interacton between
cnlramed detritus and substrare.
witl take place under the mithucnce of o

and (}"DH\I{IHI}
Imenring
hed shear foce.

Furiher support for the view that How condinons
in surges and normal sedumentary svsioms aie not
analorus comes from e very signifleant gramsize
variations berwecn the lavers of the same surae
much mors

crovs-bed sel. suggesing @ prastsators

non-cguilibnum flos s
Frovim csh io lapsile sives. o

stern. Uhis graimsize var-
jevertheieus,
conceptuah, and thid
dvnamic. cquivalence hetween aqueous antdunes
and surge done forms. given that the ow angle
crossstratifleation vequires hsh shear stresses a

aion van be

there ix probaply seme

than that associed
high angle of repose cross.

the bed surface - much higher
with low How regime.
siratification.
Nevertheless surse dune forms dispiay \ufiimm
rogularity i form oy them o be weed i determinng
sirge trapsport direciions. Ohserviatons on nuadcrg.l.
volcanoes have shown that dune crests are conting-
ous and are orvientaied perperchicuiar w the surge
flow direction o O Moore 1907 Waters & I"i\‘h‘c.
P79 Allen 1920 Figo & dude Internal
stratficanon can slso be used womber flow diy
thigs 220223 & A0 Adien 1Rl
dociumemed

[ 2 SIS

s
related the
Horms and  oross
strpticanon relatonshops 1o base surge deposis 16
sedimeniation raie. sutge emperiture and mostare
content (g, 742

VATIEUONS g bod

fn rhas scheme be has recognsed three categones
of surge dune bedlorm: progressme ., siationary and
repressice. In progressive bed-forms {vpes 4y A
and B, Fie, 7420 the orests of the dune forms
migrate 1 the direciion of surpge | lw Where the
sedimentauon rate (s high. the mermal arrangemeni
resembiles pormal sedimontary
climbing nipples and crosssrarificanon covpe Ay
Progressive dune {orms are considered by Allen i
b the reselt of surges that are relavvedv dev or ho,
or both. Simienary dune forms devpe Beoare
disunpguished by which  migraie
upsiream or downstream. Regressive dune torms
are distinguished by an upstream magradion of ihe
crest of the dune form. as represented o the cresial

ol cross-siravs

CIUsin neither

point of successive sigmordadlv-shaped crossestota
Aber suggests ihar

products of wet or cool

i smgle ser
forms are the

uressive ding

SUHIYCS,
Although he VICRIE e TCTRCaling upsiicati. the
throveh-flow of solids withim indradeal livers s
downstream i regressive bed-formea. the depo
sittonal process m\‘uiw alivsivesnieracnon
berween the transporred d Ern\ and the subsiraie.
Coarser [razments aocuy on ihe upsirenn sude of
Climbing
cffects.m this case upstreann. sesuh trom bothuhigh

the crest ot progressive duie lonms:

sedhmentation rafes and adhesor plastermg Jue @0

weiness, Adlen sugeests iha G rorms

[ B HERIRIEHIN

cantli from suroes swith emperatures ot the condens
point ot water o b T4 In

support of hs scheme. Allen 19520 potnis ot that

stion of boiling
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only deposits with stationary or regressive dunc
forms  are known to contain accrerionary  or
armoured lapilli, or hoth, as well a5 vesicles which
are due o post-depositional expansion of trapped
hot volaitles in wet, impermeable ashes.

amall emplitade. irregular  adhesion rpples.
similar to those formed in wind-swept snowfields.
are another. less common. form of dune forms
assocated with surge deposns (Allen 1982, Levs
[982

The cross-stratification i surge dune form facies
can be very variable m form. In high angle of
fepose sets 1 can be upward concave. asymploric
and wedging downsiream. In other situations it is
much more fluidal. showing significant thickness
vartations and. unlike normal sedimentary cross-
stratfication. mdividual favers mav be continuous
from one dune form into the next. showing pinch
and swell geametry. and thinning over the crests of

surge Bedform and internal cross-stratficanon vananons

P
o

Increasing moistute content of surge

ravel verical aas and suwrge tempearatre and mosture

waveforms. The dips in cross-heds MAay  Varv.
Where o ds greater than the angle of repose
(230-33% adhesion processes or soft-state plastic
deformation. or both, perhaps under the shearing
influence of the host surge. ere almost certainiy
responsible. Angle of repose  cross-siratification
may also be due to these influences or due 1o Jee-
side avalanching from a dry surge or from part of
one. More commonly, however. surge  cross-
stratification is characteristically of a low angle.
indicaung the influence of significant bed shear or
wet state smearing influences. or hoth, rather than
grain avalanching, Although the cross-beds in

individual sets mav be conformabie with euch
other, verv low angle. and irregular. truncations
mav be common, and these reflect the highiv
pulsatory nature of surges. even during deposition.

Massive ash facies rof. massive lapilli facies,
abover are considered by Wohletr and Sheridan

LAt




LS T
g#?mp

- EEEmE

g

< e

23

o = S e

2o

srevsseapratfeation ntans

Figure 7.43% Vers e ange
fraiclie by placar beddad soes of ancerian bt
pronpakle st orlaln Booare e RTINS BIE SIS
valnames U Mea Jealand

SUTYL o be rrensiional between dune torm aind
phranay bedded tacies, They deseribe beds of massie
facies as bemg fregquenthy lens-shaped snd veammng
on the lee-side of dune forms. They are ungraded.
and generadly gnstrectured mternally exeept for
secasional planar o wave-Tike ditfise averning ol
pebbie troins. Wohlewz and Sheridan (19790 con-
sider mmmee beds o be deposited beoa deflatmg.
b

wvolving some fndisanen. The massive characia

aily concentrated stage of surge flow. perbaps

o mdicatny of high paricle concentrations and
very rapad rates of deposition. probabhy invobving

SUBAERIAL PYROCLASTIC FLOWS ANE sURGES

ciromoiee frecung of the grmp population, The
Dituse bvering probably reflects vernal sheanng
at the tume of depesition m the fnghly cong

CTilried
STAIN SEETCEe.

L 5T DU SRR U BN S S P -1
Pranar tedded fcies consimta ol lovers milbmeires

H

fe oseveralb centmetres ek when are planar,
sfighrlv wavy o cven foalls lensondad Just asc i the

crosesiratfiod sets of dune fornms. meior gransie
cariatieons are cemmon from laver e ey and

bepween differont sols, Some are axhess orhers

Fapdl deposies cbadnes 1984 Bdnes & Cas o

Lavers are conerally faterallv extensives and reverse
arading s common. The zramsize varmnion between
favers aouin sugeests o highly pulsatory depusiiomnal
process during the formation of 3 i of planar beds,
Roverse grading indicates that o laver ol grains
choarine larerally over the subsirate. larger prams
pueranng upwards out of the zone ol maamum

shenr at the mrerface berween the surge and he
cubstrate. Gt fall-oun frony susEpension - not
indicated by this reverse erading, The reverse
sradmy. being of wshear nngu. also mplhes that the
suree is o detlared. highle concentrated stite al the
time that this. the most distal facies recognised.
forme. Planar-bedded faowes oy be difficul so
distineuish {rom hedded il deposiis wirhout
cvidence of Jateral msport sears. crossestrant-
canorn. low angle wuncaions s
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Planar beds mav he gradational with eross
sratified mrervals. and in some instances mayv have
a very low angle inclination "Fie. 7 43 appearng 1o
be planar but bemg incipieny cross-heds (W, Edpev
pers. o, However, in ihis regard the perspes-
tve 18 important. Exposures that are perpendicular
o fiow direction will expose wavy. parallel w
subparallel lavering of cross-bed sers Fie. 7 44,

Posi-depositional siruciures

Post-deposttional structures commoniy associated
with surge deposits include bomb sagsiFrg S 0 g &
hio formed when ballistic blocks and bombs Iob
mto wer. unconsolidated surge deposirs producing
soft-sedmient plasiee defovmation. Filame stricnnes at
the base of surges have also been deseribed Crowe

& Frsher 19737 and sofi-sedimon aversicefeing of

dune form cross-strara under the shearing influence
of the succeeding surge is common. Such over-
steepening mav bring strata that are normally
lower than angle of repose inclinations =30 1o
angle of repose (30-35% o even steeper, The
lavering is usualiy stll invact, but is siretched and
squeezed due to plastic deformation while ina wel.
cohesive state. Similarbe. normal soft-sediment
shamping of wet. cohesive ash s common ‘Fig,

At

7.11 Surges compared with turbidity
currents

in Section 7.6 i1 was suggested that. as a crude
generalisation. surges are akin o turbidity currents
in the normai sedimentary sphere., whereas PVrG-
clastic flows are akin 1o viscous debris fows, Thes
general analogy is based on the fact that surges and
trbndity curvenis are wurbulent. graviry-controlied
mass flows with Jow particle concentration. whereas
pyroclastie flows and debris Hows are generallv
both viscous. famunar-plug fow svsiems. There the
aniogy ends. however,

Whereas turbidity currents begin 1o low because
ol their potential energy. surges are ininared by an
cxplosive thrust., with the exception of ash-cloud
surges. Therealter there is a complex energy chain.
& discussed in Section 7.7 Whereas in turbidiry

SURGE AND FLOW RELATIONSHIPS 27

currents the partculare populaton is essenially
cohesioniess. this is clearly not the case with SUrges
iSecnons T8 104 Turbidne currenms are simiple
two-phase solid-liguid svsiems in which the densiry
comirast berween the solids and the supportng
fquid is relatively small compared with that in the
complex three-phase s solid-liguid gas wvsiem of
most surges. The relative proporiions of the three
phases nay change 11 surges. as may the eflevitve
dvnamic granalometry. due 1o adhesion Processes
feadimg w clumping.

Because of all these differences. hvdrodviamie
cquivalence between turbidiy currents and surges
cannot be considered valid «Allen 1982 However.
once imiawd. both move as gravivv-controlied.
trbulent. doudy masses. which seem 1o produce g
systematic suceession of facies during deceleration
and depositon. The facies are not the same, and m
both cases not all facies elements need be produced
by all Hows. Much work siill needs 1o be done on
the facies and facies refanonships produced by
Surges.

7.12 Pyroclastic surges and pyroclastic
flows - relationships

The discussion of pyroclastic fows and surges so far
has emphasised ther unigue characteristios, the
former being described as poorly mitated. non-
turbulent. concentrated mass Hows which maincain
thesr kinetic energy over long distances and long
periods relativelvy. whereas the Janer highly
inflated. rurbulent. Jow particle  concentratian.
short-term phenomenon which rapidly dissipates,
Hlowever st has also been shown (Section 7.5+ 1hat
there are some extremely violen pyvroclastic tlows
which are at least partly turbulent. and are capable
of producing wave stratficaiion. bedforms and low
angle runcations and cross-stratification ST ¥
in their veneer deposiis. The Taupe ignimbrire
GoPOL Walker o ol 1981b. € ToN. Wilson
19850 the Rabanl wemimbrite (G P L Waller o
al 198Terand the tgnimbrie of the 1915 CTUPHON
of Tambora (Self e af. 1984+ are ey examples.
This brings nlo guestion the degree 1o whicl
pyroclasiic flows and surges are distinet entities
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surge body. The relationship between lavers 1 and
2as generally abrupt, but locallv their interface is
pradational (Moore & Sisson 1981, Wain 1981,
The total thickress of this assemb lagc of lavers
rarely exceeds 1 m. except 1 hollows.

Based on o, versus Md /o plots and plots of £,
ithe weight percentage finer than 1716 mm: versus
5 ithe weight percentage finer than Y mm; plots.
GoPo L Waiker and McBroome (1983 show a
cluse relanonship between the laver 1 and 2 sarples
and pvroclastic flow fields (Fig, 745, However.
samples show a significant depletion in fines.
mdicating better sorting than mos pyrochastic How
deposits,

Smnddarly, G POLo Walker and MeBroome
{19835 point out that the surge deposits of Fisher o
al. (19807 and Fisher and Heiken (19821 associated
with the 1902 Mi Pelée eruption consist of three
favers: a basal gravelly 1o sandy faver. a srratified 1o
massive mddle layer and a fine, thin, accretionary-
lapilli bearing. ash laver. Grainsize characteristics
are similar to those of Mr St Helens,

G Lo Walker and MeBroome (19837 and
G L Walker (19830 inter pret both the My St
Helens and M Pelée deposits to be the praoducts of
very viokent, low aspect ratio pvrociastic flows. In
the Mt St Helens case this is based on the grainsize
affimities with pyroclastic flows. and the doubt that
dilute surges could rravel 30 km and mainiain
turbulent suspension of clasts over that distance.
Laver 1 is mierpreted as the fines- -depleted ground
faver deposited from the Auidised head. The dune
forms and their internal wavy layering scem ill-
defined relauve 10 most true surge deposiss. sug-
gesting weak, low levels of turbulence (. P L.
Walker 19837, The main laver. laver 2. seems very
snilar W ovalley pond ignimbrite. and also ooours
on gently stoping valley walls. as a thin veneer
depostt <Ch. 8 G P L Walker & MeBroome
f983:

It 1s possible then that two modern catastrophic
events which had been imerpreted as sur ges [Secton
oL may have been very violen:. even parily
iurhulcm pyvrociastc flows. similar 10 the historie
ones erupted from the Taupe, Rabanl and Tambors
volcanic centres. Ir is therefore implicit that a
spectrum of pyrociastie flow types exists. from very
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dense. high pariicle concentration ones o relarively
low concentration. but violent. opes There 15 an
implicaton i this that there i alsn a spectrum of
Lrain-support processes from perhaps inertial grain
fiow avalunching through fuidised. faminar semi-

plug flow (Sparks 1975, . JoN \X"ils‘mn 19605,
through o fluidised. turbulent How 1N
Wilson 198G Given thar surges are mrhuiun bui
that during deflarion thev mav undergo shear-
induced Jaminar flow. there is not much of a
quantum gap between dilute tvpes of pyvroclasuc
flow and surges. impiving a near Iy complete spec-
rum of processes and deposits. However. on that
point G. P L. Walker 119835 maintains that dis-
creteness 15 required bcc:zmc O TRAINTAIN INtegrty
and 1o he capahle of wansporing large dispersed
clasts, pvroclasiic flows are dependent on fluid-
isation, which can only be maintained while fimes
are vetaired morder W oact as resistance to. and 1o
chaanel, flindising mgoswd air. In surges, fines loss
15 inherent because of the high IL\L’} of trbulence
and the consequent removal of farge volumes of
fines by elutriatjon., which essenvally discounis he
possibility o fluidisation. Om the other hand,
however. fines loss or depletion can also occur in
certain situations related (o pvroclasiic an\ proces-
ses tand not just surge transport: {r. P L. Walker
19830 Fig. 7.467 withour affect ting rho overall
coherence of [hc pyroclastic How. It is clear thar
much is vel 10 be learned shoul the processes
operaung in py r()ahmac flows and surges and how
these two How processes are related. This 18 more
Ihdn vindicated hv the diverging views on the

PO L Walker and MeBroome (1983, nterprea-
ton. as shown by the responses and rephv 10 tha
paper cHoblit & Miller 1984, Waim 19%4. G P [
Walker & Morgan 19847

7.13 Further reading

The papers by Sparks (1976, Sheridan S EVAR
Fisher 119790 C. 1. N, Wilson 11980 19845 and
ColoND Wilson and Walker C19E2: are essennal
reading on aspects of flow and de positional processes
i pyroclasic flows. even though thev have been
summarised here. On surge processes and facies
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(D pyrociastic tell < 1 loss of fines
@ pyrocioshic surge v sinking of dense particies
@ lithic tag breccio {co-wgmmbrste lag - fall deposit el strong ingestion of air
¢ @ coorse pumice lee-side lens U high  por ticle concentration fiow

. = tie pyroclostic flow)
@ ground loyer formmg ot flow haod T low porhicle goncentration flow

fines - depteted igpimbrite formed by torward deflation interval {the ipterval required
i @ jetting from flow heod o> 1 defiate o diiute turbujent flow to @

nigh  particie concentration
® elytriation pipe pyreclostic flow]

Figure 7.46 Schemallc views SHowing Seven siusnons whech produce fines depieuon and good sarting ol
pyrociaste geposits (AfTer GOoP oL Walker 1883
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characterisucs. the review by Wohlerz and Sheridan
1979 s extremedy uselul. as are the earliesi papers
on surge deposits by 10 Gl Moore (19675, Fisher
and Waters (19705 Crowe and Fisher 119720 and
Sheridan and Updike (19751 On the problem of the
distncuon between violent pvrockastic Hows and
rurhudent surges. the papers by G P L Walker
Cl9E2and G P L Walker and McBroome 1983

are recommended.
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