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Modern pyroclastic fall
deposits and their eruptions

Iniual statement

Pvroclastic fall deposits, thetr eruptons and the
phyvsical controls on  their [ormation are now

considered m detail. The classification scheme of

G PoL Walker (1973b; characterises fall deposits
by their dispersal and degree of fragmentation. and
this approach is used as a framework for our
description. Important velcanological assessments
can also be made. because these twe parameters are
related to the height of an eruption colwmn and the
nature of the fragmentation process. In this chapter
we also consider some surprising features of the Mi

st Helens ash-1all deposits and the implications of

these for plinian eruptions. We also {ocus on the
characteristics of distal silicic ash-fall lavers. Finally,
the properties of welded air-fall wils which occur
near the vent on a number of volcanoes are

described. Criteria for disunguishing these from
welded ignimbrives (Ch. §; and 2 thermal facies
model for pyroclastic fall deposits are also pre-
sented.

6.1 Inwroduction

The different rypes of pyroclastic falt deposit are ill-
defined in the fiterature. They are described by a
number of terms according 1o certain sivles of
explosive actuvity, named generally after individual
voleanoes or voleanic sreas where the activity was
first observed. or of which the sivle of eruptions
was thought to be characteristic. Examples include
strombolan,  hawation, vesuzian and  peléan. One
exception 1o this s phnion, which 15 named after
Pliny the Younger. from his account 1o the historian
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1300 MODERN PYROCLASTIC FALL DEPOSITS

Tuacitus of the eruption of Vesuvius m AL 79 Thas
rvpe of eruption and the resulting deposst couid also
have been calied vesuvian, However. i the hiera-
ture this refers to another stvle. exemplified by the
basaluie erupnon of Vesuvius o 1906, which
involved # fong-sustained gas stream with hude ash
heing refeased (MacBDonald 19720

Thiz approach 16 nomenclarure has produced
manv problems. First, the sivle of evapiion can
change during the course of one crupiion. and
certainly during the Jong-term history of & voleana,
For example. during i history Mt Polde has shown
¢ vanety of stvles of eruption other than peldan. T
has also, for stance. experienced pliman erupiive
phases (Rocbol & Smirh 1976 Secondby . particular
eruption stvles can occur m places uther than the
places used 1o name the paricular erupuon swvle,
For exampie. hawatian style cruptions arc not jus
confined 1o Hawaii  Lastly. manv depostiz from
historical or relatively recent erupuons have not
been srudied immediately after their erupuon wirh
the mim of correlating particular facies characteristics
with ohserved  eruption stvles. [n many  cases.
particularty with historic eruptions. the detwls of
eruption characteristics have been mferrad lrom o
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sindy of the deposits well after the eruption has
ended. by people who did net observe the erupiion.
However, many of the poorly debined torms are
entrenched m the geclogical hierature and 11 would
he narve 1o assume that they coudd be abandoned.
The only pracucal soluton s 10 mprove the
defininon of existing terms by more quanitanve
anabvsts applied 1w well preserved voung deposits
for wihuch
avaiiahie.

good accounts of the cruption are

From these studles. benier desomnprions.

that can be vsed as o suide wonerpret caarvalen

deposits in the rock record. mav resul

The {irst serious atiempt o desoribe and classily
explosive voleanio eruptions producing pvroclasii
L. Walicer 197 3R
Walker's approach was hased on the characierisies

(alks quanntatively was hv ;. P
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of the fail deposits examined in the field, and not on
the characterisucs of the eruptions as was generally
the practice previously. This quantitative scheme
(Figs 6.1 & 27 relies on accurate mapping of the
distribution of fall deposits and deratled granulo-
metric analysis 1o determine rwo parameters: dis-
persal (L3 and (ragmentation index or degree of
fragmentation of the deposit (5. The empirical
measure of 1) used 18 the area enclosed by the
0.017 . wopach twhere T, 18 the maximuem
thickness of the deposit: Fig. 6.1a:. The empirical
measure of & chosen is the perceniage of a deposit
finer than 1 mm ai the point on the axis of dispersal
where 1t 15 crossed by the 6,17, 1sopach: this can
onlv be determined from the sieve analysis of o
sample collected etther at this point or. more
pracucally. obtained graphically from sieve analvses
of a few samples collected near the dispersal axs
(Fig. 6.1b.

G PoL Walker 11973b) inirially characterised
three tvpes of pyroclastic fall deposit on the basis of
thewr values of D and & hawatian- strombolion.
swrisevan and plonan (Fig. 6.2a1. A distinciion
between strombolian and hawaiian tvpes based on
D was proposed. and another distinction. based on
F. berween normal and viclent sirombolian. was
also proposed. Also. sub-plinian was proposed as a
new  type. gnermediate  in o characier  between
strombolian and plinian. Since Walker's original
plot was published. lazer studies have refined rhis.
and other rvpes of pyrociastic fall deposit have been
characterised: wlvaplimar., oulcantan and phreato-
pleran (Fig. 6.2

The I-F plot is based on the measurable
charactersstics of & deposit, bui it also reflects some
of the essential features of the eruption. even
though many changes in observed stvle of activiiy
may have occurred throughout eruption. For anv
deposit, this plot 15 a reflection of not only the
eruption column helght. since it 18 this which
Jargely controls 13, but also the “explosiveness” or
degree of {ragmenation of the magma (Fig. 6.2b
High Fovajues. for instance. may result from very
high meensity eruptions thigh volumerric eruption
TRICS) O magma—waier interactions. This 1s there-
fore o most useful wav of making volcanological
assessments ol and comparisons between. pyro-

i

F

TERMINAL FALL AND MUZZLE VELOCTTIES 1

clastic fall deposits whose eruptions were not
observed. and whose eriginal extent is still reason-
ably miact,

Although the plot of 1 against F gives a basis for
detatling tvpes of pvroclasric fall depesits and their
CLUPUOTS. i1 1S 1mporant w point out here that
further research is increasingly revealing a number
of 1ts shortcomings. The meaning of £ is not as
clear as was suggested above. High Fovalues mav
not prove to be the result of high degrees of
fragmentation, but mav also reflect ‘wer eruption
plumes 1 which premarure deposition of fines is
promoted by rain-flushing. This problem is high-
lighied in the discussion of distal silicic ash-fall
lavers (Section 6.9, Also. the fields for phreato-
magmatic ash-tall deposits. which are now simply
divided muo surtseyan and phreatoplinian, are far
from sausfactory (Section 6.87.

Betore we deseribe the differemt tvpes of pyro-
clasue fall deposit and their eruptions. 1wo para-
meters that are essenttal o undersianding the
deposition and anatvsis of pyroclastic fall deposits
need 1o be discussed. these being terminal fall
veloaty and muzzle velociry,

6.2 Terminal fall velocity and muzzle
velocity

The disuance that individual pyroclasue fragments
are transported from the vent is controlled by many
interacting factors, The most important are the
heights 1o which pariicles are 1aken in the eruption
column. the angle of eiection. the wind strength
and the terminal fall velocity of the particles.
When an object falis through the air. it accelerates
untilit reaches a constant or terminal velogity (TV,
which 1s the velocity at which the force of gr avimy
and acrodvnamic drag forces are in a stale of
balance. Partcles with smaller terminal fall vel-
octiies will travel downwind Turther for o given
eruption column height and wind speed than larger
particles with a lower termminal fall velocity, Data on
the terminal fall veiocities of pyroclasts are given b
Go PO L Wallker e ol 119710 and in Appendis 1
Lo Po L Walker (1971 showed that for polv-
component pyrociasuc fall deposits 1 s useful o
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comparison of explosive pyvroctastic fall eruptions is
the initial gas or muzzle veloctty ar the vent. During
observed eruptions this can be determined by
measuring the fall dmes of ballistic biocks and
bombs which are unaffected by the wind. or by
analysing Hlms of erupnions, In older deposirs one
can measure the average maximum size of the
largest fragments. and if the vent location is known
these sizes can be used 10 estimate the minimum
muzzie velocny hased on the calculations of 1.
Wilson 119725 In [, Wilson's (1972 paper the
ranges of particles ejected from vent, and the fall
times of particles released from an eruption column

for ash clouds. are computed for various values of

particte radius. densitv. launch velociiv, launch
angle and release height (see App. 1.

For any deposit. on & plot of average maximum
clast size against distance from veni. a line drawn
along the top of the resulting scatier will show the
maximum range of fragments of a given size (e.g.
Figs 6,15 & 21, below). When maximum lithic or
denser juvenile sizes are plotted. This hine usualiv
shows a sharp inflection a few kilometres from the
vent., and this s thought to reflect the distance
range of ballistic fragments fe.g. Figs 6,15 & 21,
below. Maximum pumice sizes usuallv do not
show this mfiectuon. because larger pumice bombs
tend 1o breal on impact with the ground surface.
and owing 1o thewr low density even the larges:
clasts are affecred bv the wind 10 some exrent.
Measurements of the largest hnhic fragments are

A
o

HAWAHANCSTROMBOLIAN  §2

therefore going 1o give the most refiable estimates of
muzzle velocities. For moest practical prerposes this
15 going 1w involve only lithics much greater than
200 em o dharneter,

6.3 Hawattan—strombolian

These tvpes of pyroclasie 1all deposit are the
products of mildly explosive eruptions of basaliic or
near-busaltic magmas, Such eruptions eject scoria
and relativelv fuid lava spatier. and are ofien
accempanied by the simuliancous effusion of Java
fChe 4 Plae 200 Vems for these Sruptions can be
fssures or simple conduits. However. observations
and theoretical considerations suggest thay ACTivILY
atong fissures s quickly localised o s number of
pomnts (L. Wilson & Head 1981 This happened.
for example. during the Heimaey eruplion m 1973
(Thorarinsson er af. 19733, Explosive activity builds
scoria reinder or spatrer cones. of both, at the veni.
with scorta-fall deposits of himited areal extent and
volume being deposited around and downwind of
the vent. Scoria cones may be the sites of persisient
activity over decades or longer. such as Sirombol:
{Chower ¢ al. 19741 and Northeast Crater. Mount
Emna (McGerchin e @/, 19745, but more generally
they are monegenetic cones (Ch. 13 produced by
what can. be considered fo be smgle eruphions
lasung usually a few weeks o a few months. such as
Hemmaev i 1973 (Thorarinsson o al. 1973, Self o
al. 19740

6.2 1 CHARACTERISTICS OF THE DEP ISTTS

Deposiis of scoria cones often consist of rather
poorly tedded, very coarse-grained and somerimes
red doxidiseds scoria with metre-sized  ballistic
bombs and blocks ‘Figs 6.5 7. Manv of the
observed beds are not simply air-fall lavers. b
meinde mass-flow deposits tormed by avalanching
and rolling of scoria down unstable slopes ay the
cone bwlt up. Such beds are laterallv discominuous,
Gram flow (Cho {00 of the loose granular material
durmng  downslope movement  produces  reverse
grading see Fig. 6.10¢). A variewy of bombs and

blocks mav be found: large scoriacecus fragmernis,
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i some cases. through the vent. Lava founiamn
heights are generally less than about 200 m (Mac-
Domald 19721, and in such cases magma would be
ejected at velocities of a few tens of metres per
second (L. Wilsor & Head 1981). The predominam
products of these lava fountains are large sparter
preces which fall hack around the ven area. Poorly
developed convective plumes above lava founrains
may take the smallest ash-sized particics derived

fopposite and abovel Agaiutinated and welded
deposits from scons cones and 4 spatter rampart (ab Red
Rock Complex. Victona, Austrailz  Norvesicuiar,
sents owdsed margns of welded spatter

(Ehotograpt by
ared seana

Figure 6.8
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from lava sprav up o heights of o few hundred
metres, but all coarser fragments will already have
fallers outr of the column,

The mechamsms and dvnamics of strombolian
activity have been discussed by B, Blackburn o1 of,
(1976, L. Wilson (1980a0 and L. Wilson and Fead
(19815 Eruptions consist of 4 series of discrete 1ime
ranstent explosions separzted by periods of less
than 0.1 s 1o several hours. Fxplosions are thought
10 be generated when one or a number of large gas
bubbles =2 1w 10 m in diamerer: burst the
magma surface 1ofa lave lakeat vens B Blackburn
el al 19760 Frgo 6,128 These rvpes of explosions
can only occur m Jow-viscosity magmas in which
bubbles can rise relatively rapdly and expand.
Explosions are driven by the excessive pressure
within each bubble. When each one bursts ar the
surface, 3t blasts off as pvroclasts the fragmenied
remains ol the magma which formed the upper skin
of the bursting bubble (5. Blackburn er af. 1976, 1.
Wilson 1980a;. If there 15 & pause in activiry or. as
in the waning stages of an eruption. there 15 a pause
in the activity and a crust has tme o form on the
magma surface. then this mav be ewected during
renewed bubble burst events (Fig. 6,120 This
mechanism may account for the slabby fava blocks
found 1n some deposits (Figs 6.5 & [0b.,

The pressure in the bursuing hubbles is related 1o
their size and the history of their rise through the
magma, both of which, i turn, are governed by the
phvsical properties of the magma (Ch. 2). Theor
etcal analysis (L. Wilson 1980w and observed
activity (Chouet er af. 1974, Self er af. 1974, E.
Blackburn er al. 19761 suggest maximum inital gas
velociies e these strombolian explosions  of
200 m s ' In their analvsis of 15 explosions from
film of the Heimaey eruption in 1973, 2. Blackburn
er ol (19767 found the maximum infual velocity in
one burst was 230 m s bur the mean was
157 m 5! Generallv. much lower mital velncites
(<2100 m s 'y were observed in the acivity of
Stromboli i 1971 and 1978 «Chouer er of, 1974, 1
Blackburn er wi. 19763 Ininal keh gas thrusi
velocties rapidly decrease with height fup 1o
heights of a few tens 1o ane or two hundred metres ).
above which partcles are trapsporied in the upper
part of the eruption column driven by convection
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(B Blackhormn or af 197001 I explosions ocour
raped succession (e.g. every -2 510 then a man-
ramed eruption column. driven by convecion.
could reach heights of 510 km. as observed m the
1973 Henmaey eruption isee £ Blackburn o af.
19760, When explosions cocur at Jonger niervals
te.g. several minutesi. the convecnon cloud re-
muliting alier cach gas thrusr phase mav have
dassipated before the nest explosion. as ohserved
Stromboly o 1975 JBE Blackbure o0 2l 197610 In
this type of acuvily a fine-grained. well stratified
scorta fall deposit ol more limited dispersal could be
bl up.

.3 3 CLASSIFICATION

The disunciion between hawaban and stromhoban
D\wd(zxm fall deposirs was only tentauvely defined
by G P Lo Walker (197300 because there were
fmited data available ar that rime. There are still
very few quanmatve data on these  deposis,
especially 1hose of hawanan eropuons. Following

P Walker 1197 3b . hawalian basaluic activiny

i
i s weaklv explosive thar any pyroclastic deposi
which results. has a 1) of less than 0.05 lan- . while

strombolian aciivity produces g deposit with a 13 of

more than .03 ke (Fig, 6.2 This enterion.
together with the distmcrron between the a'rnplz:n‘a
mechanisms we ave discussed. should onlv be
considered ax o general swide xii'\;lil\gg_ll\hili!'!f&
between hawalmn and srrombolian fall deposis
Lava tountammg can reach such heighis that,
although observed activity would be considered
typreadly hawanan. rhe resnbiing deposits would be
much more widely dispersed. The 19530 Kitaues Ha
fva fountains reached heighes of 600 m and the
downwind scoria-fall nfcpem‘ has a Trevalue of ahow
0.7 ke Rachier el 197070, By Walker's definition
s strombolian (R 600 1 b However, this seornie

fall deposits commoses
or fragments of them 1. 20175, and these should be

avery ]’-lri!t’ component of scoria-fall deposiis even of

those of wade dispersal, formed by lava ouniummg,
Prurmg strombolian aoivive i ehe sntervals berween
explosions are so long that a maimaimed columy and
convective plume cannoi form. then the scona-fall

deposit will be more restricted . and mav be hawatian

Faimost entirely of achnebiths

moirs dispersal characteristies. In these cases the
scortn fragmens will more commoniv he rageed

with siringy surfuces. and more tvpical of the
sirombolian mechanism of disruption of magma.

Manv eruptions will alse vary m observed styie
{rom hawanan 10 strombolian. and vice versa, The
1973 Hemmaey eruption began with lavs lountins
rising S-100 m from up e 20 vents along the
fength ofa 1.5 km hssure "Thorartngson o o 1973,
Seler all 19745 Larer, acuvity became contralived
and sirombolian explosions ek place {rom three
ventis at the n(mhcm enc of the fissure. and buil o
seoria cone 200 m mgh. from which lava conunuali
Aowed. Perhaps w h~1 detailed anabvaie of 5 deposi
iopossible e exposure allows many verneal
sections of a deposit 1o be studied: the dispersy)
charactenstics of individual fall units corresponding
to different phases could be determined. However.
st cases, 1 1% only possible 1o determine the
fine characteristics of a deposit. which in the case
of Heimaey. show 1 1s wypically strombolian (Fig.
6,11

Fiadly. GO P L Walker (197 3h deseribed some
scorie-fall deposits with unusualiy high values of
as Cvintent sirombolian’. The scoria-fall deposi
erupied from Panicunn voleane, Mexico. s of this
wepe (Frge 60110 Acuviny during this eruption
comtinued sporadically for nine vears. Ground
wiater possibly gamed access to the magn ot gmes.
but notin sufficient amouns 1o produce o sursevan
fall deposit tSection 6.8,

Pliman

Phntan pyroclastie fall deposns are s common
product of highiy explosive eruptons of hgh
viscosty rnagmas. These are generallv andesitie o
rhvohtic. or phonobie und trachvie compositions.
bur rare basaliic scoria-fall deposits which hav
pliman chispersal  patterns  are kaown 08, M.
Wilhams P98 Pob Walker or wi 1984 The
chraracteristics of phnian pumce fall deposiis and

their erupuons are now farrke well defined. and the
extensive erature about these has been reviewed

G PO Walker 711981h
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6.4.1 GENERAL CHARACTERISTICS

During phinian eruptions large volumes of pumice
are ejected and extensive pumice-fall deposits are
produced. These are the most impressive types of
pyroclastic fall deposit found m the field (Figs 612
& 141 The depusits of individual erupuons may
attain thicknesses near vent of 10-23 m (Fig.

6.13c), maximum thicknesses can be much smaller,
but wounld rarely be greaver. Near-vent deponits are
generallv homogeneous and can be verv coarse.
contalning large pumice fragments of several ens of
cenumetres. and metre-sized ballistic lithie blocks.
More rarely. larger pumice bombs are found. but in
most cases fragmentation on nnpact destrovs these.
Awav from the vent deposits become thin and fine-







gramned. and change in characier. and it is the
documentation and analvsis of these changes tha
can be so important in making  voleanological
interpretations. Phinian pun1icc~f1d£ deposits are a
common  eruptive product of all large rhvolire
volcanoes. but are also frequenidy found as products
of a range of andesitic and alkaline stratovolcanoes.
A few phnian eruptions are known to have
occurred this cenrury, and cxampic‘.s that are wc]l
documenied are the erupuions of Hekla. Teeland.
1947 {Thoerarinsson 1954, 1968 and %amzz "\"'131‘1"._
Guatemala, m 1907 (Rose 19726, S N Williams &
Self 19835 Another example s the 1932 eruption of
Quizapt 1o the Chilean Andes (Larsson 19367, bus
there has not been @ more recent study of the
deposits of this eruptuon. Quite a number of plinian
eruptions have occurred m earlier historic times,
and the deposits of the following examples have
recetved detailed attention: the eruptions of Askja.
lceland 1875 (Sparks a2/ 19815, Tarumai.
Japan 1667 (T, Suzuki or af. 19730 Fogo. Sio
Miguel. the Arores 1n 1363 (G P L. Walker &
Croasdale 1971: Fig. 6.13a) and. betier known
because  of their  archaeological  significance.
Vesuvius in AD 79 flarer ¢ ol 1973y and the
Minecan 11470 BC) eruption of Santorini (Boad &
Sparks 19765, Hiswerical records have complemen-
ted some of these studies. and have provided
evidence of the duration of these events. As well as
these. much ol our data on this type of actviy
stems irom o number of studies on older plinian
deposits which abound in the Quaternary record.
e.g. B(ml b 1‘}1 3. Bloombield a1 o/, {19775, Booth a1
af ‘) ST CT L \‘\"a%kcr ;md ( roasdake (1971,
L \\ alku (1981c PO L Walker e al
(1% di,oand see the review 0[ a. POLL Walker
(1981h
All of the hustoncal piinian eruptions mentioned
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above seern 10 have taken place from ceniral vents.
and most of the older deposity studied have heen
mapped 10 Ccircular vents. which are generatty
assumed to be locared above C\‘lind;‘jcai conduits.
There 13 no doubr that some of these venrs are
aligned along lnear fissures or ring fractures. but
activity lrom different vents in many cases can be
shown o be separated by long intervals., recognsed,
for instance. by soils between their different fall
deposits. However, detailed mapping by Nairn
(1981 in the Okataina rhvolitic centre in New
Zealand has shown that manv plinian fal deposis
and associated 1gnimbriies were erupred in simul-
taneous or sequental acuvity from multiple vens
along hssures. These eruptons were ofien spread
atong iengths of fissure more than 10 km long but,
as in basaluc hissure eruptions. acuvily seems 1o
have been resuricted to definite poings. Venr ypes
for large explosive silicic eruptions. during which
phinian activity may lead 1o gnimbrite formation.
are discussed in Chapter 8,

When mapped our, plinian pvroclastic fall de-
posits are exiensive sheet-like deposits. They have a
large dispersal. and D) js =300 km® (Fig. 6.2,
However, fragmentauon of the mazma is only
moderate, and F s osmall 1o medium. Sizes of
baliistic hithic blocks near the vent imply thal
muzzle velociies of  400-600 m s occur (L.
Wilson 19760 App. [t These suggest that very high
rates of magma discharge are possible which in turn
lead 1o the ‘stoking up’ of verv high eruption
columns. and evidence suggests that column heights
220 ke should be common during this tvpe of
activity 1L Wilson 19760 L. Wilson o . 1978
Cho 5o dn the events this century, the height of the
column of the 1947 Hekla eruprion reached 24 km.
and that of Samid Maria m 1902 reached al least
I8 km S N Williams and Self 1983 Tahle 5.1: It

< Flgure 6.14  Pioan purmice-foll ooy
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Table 6.2 Volume esstmaies of some phnan deprsits ugnhahung some of the

SUCCRSHIONS]

. i
\nm« 1307 20

+ 1947 (4

7 Felens TOR0 i

Velurris o) DR Lo
100 24
100 24
Ea 17
it i)
[

) Ss usesd
1t o) ex
Helens 1980

Mense rc'\(‘ :
Diava are taken |
GON S Wilhams & S

Pquwﬂpm of .‘ b oo

S
catculated from the aréa mr__)tf;_z :-,boWﬂ 1 Fagure 618 and the method of

is the high eruption column m this 1vpe of activily
that leads to the wide dispersal of plinian deposits.
Volumes of plmmn tall dqmam range from aboul
01 to =50 km® (Table 6.21. Examples of small-
volume deposits would be ihmc from Hekla in 1947
and Mr St Helens in 1986, Much larger ¢ me:lx are
known further back in the record: some of { the
biggest are the Shikotsu pumice deposit 1 Japan
and the Lower Bandelier plinian deposit. both
about 100 km?. Volumes can be estimated from
isopach maps of the deposus by various methods,
and these are discussed in Appendix L

6.4.7 INTERNAL AND LATERAL CHANGES

Many deposits at first sight appear o b fairly
homogeneous. or at least ther lower pdrl% do (Figs
6.13 & 145, and this is thought to reflect continual
fatl-out from a downwind plume continualiy fed by
a u)mmuuus gas biast. They are predomibantly
composed of juvenile material: numice ., glass shards
and. when the magma is porphyritc. free crystals.

However. significant departures irom homogeneity
can occur in detail. Reverseegrading of larger

pumice fragments seems 1o be common. as is
internal stratification.  Accessory lrhies. derived

aroplintan depoes 2
al 1941 st !um' 3
i Walker discus

[EH

from lh:.‘ conduit wall, can be mmporiant i ceriam
parts of a deposit. Also. @ number ol plinian (all
deposits are now known o be compositionally
soned, or w contain mixed pumice clasts (Fgs
6.13¢, e & (1

Reverse grading of larger pumice clasts has heen
described from a number of deposits {e.g. Larer &
gl 1973, Bond & Sparks 1976, Bloombield et al.
1977+, This is usually more likeh to be [ound a
distances of several 1o a few tens of kilometres (rom
the vent. and outside these limits may be only
slightlv developed, or it may 1'0t 0CCur. Nearer the
vent (<25 ki) deposits are ofien so coarse-gramed
that 1t 1% very hard to detect any grading, and more
distally (30 k) deposits may be 100 fing-grained.
Many deposits also show an upward imcrease in the
proportion and size of accessory lithic  clasts.
Reverse grading of both pumice and inhics must
reflect some process ocourring at the vent affecting
the eruption column with time. This will be
cansidered further in Section 6,43,

Internal stratification also occurs. 1t usually
hest developed towards the vent. and is commonly
and significantly found towards the top of some
deposiis (Figs 6,33 & 140 burther away from 1he
vent such stratfication disappears. Stratihication
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varies from a crude internal javering to distine
mappabie fall units. although dividing deposits up
into {all unis can be rather subjective.

There are s number of causes for the developmen:
of stranfication. Eruptions are prabably not eruly

- but pulse-like. SHghi fluciuetons in
muzzle wvelociy and  discharge rate wil]

particles ol a given stze and werminal fali velocing o
be released from differen heights. A pulsatmg

column such as this would produce famt lavering in

Cause

a dall deposit cegs Figo 6 lds this tvpe of

strattfication would rapidly disappear away from
the vent as pyroclasis quickly mixed downwind.
More-signsficany changes in activiev are probablv
aeeded 10 cause disunct fall unic breaks. Activiry
could remporarilv cease. caused. for insrance. by
blockage of the condm by collapse of the vent
walls. During such breaks. fine ash mav settle owt
from the previous column as it dissipates. forming a
thin. discrete fine-gramed fall unit overtving the
deposit of the muintined colemn, When ATHVITY
recurs. the nesa fall uns may at first be rich in Jithic
fragments. as hrhic fragments thas ¢ ﬂuckcd the vent
are reamed oul. Smalier collapses of the ven: wall
may ust cause an increase in the amount of lihics
taken mro the column. and these would be recog-
nised as 4 laver of lithics. perhaps within a (all unit.
Obviously. there are & number of scenarios that can
be considered. Al of the above mechanisms involve
changes at the vem affecting the behaviour of the
eruption cofumn. MHowever. stratification can alse
be generated away {rom the vent. Rain fushing
could prematurcly bring down fine ash from the
plume n localised aress while the erupuen con-
finues. Such fine-grained 121 unns will have iso-
pachs which do not cose on the vent :their
distribution and thickness v refated 10 the disiri-
bution and iniensity of the rain shower). and thev
mav conlam asccrenonary lapilli «G. P L. Walker
198 1d;.

i the above we have only discussed the geney-
anan of stratfication by the random’ processes
which could occur ar anv time during « plinian
event. ‘Phe stratification and fall units found at the
o of same deposits mav. however. be related 1o
mere-sinidicant changes that are devel loping with
time as the phinn eruption continues. Sometimes
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pyroclasue How and suree deposits are found
inierbedded between separate fall units. particulariy
I oproximal areas cc.g. Sell @ af 19845 The
depasiis of these Hows can be traced taterally imo
fine ash-tall deposits. In many cases phnian deposiis
are vverfam by lgnimbrite. and 11 seems that there is
a conunuum from @ plinian eruption column 1o a
pyroclastic flow-forming ar collapsing column. The
stratfication at the wp of many phnian deposits
mav reflect mstabilities in the column before
wholesale collapse vecurs 1o generate igniimbrire.

Compositionaliv zoned phinian pumce-fall de-
POSIS are now known 1o be common. and invariably
these show an upward vertical increase in the
proporuon of & more hasic juvenile component
(Figs 6,13 & 14e: Rarer examples are known
where this tvpe of zonation is reversed g, 6. 14
The boundary berween zones can be gradational or
verv abrupt. This is commonly not marked by
grainsize differences. showing thar rhe discharge of
magma was sicady. although the composition of the
magma was changing, In some cases there s an
almost complete change in magma tvpes. in others
there 1s just o slight change in the proporiion of the
Two types. Streaky mixed-pumice clasts are common
in some deposits, and indicate mechanical MIXmE
of the magma vpes before eruption te.g. Fig.
3220 Seme deposits, althowgh not tdisunciiy oned.
can have a significant proportion of mived punie.
e.gothe Aslga 1875 deposit (Sparks or al. 1981,
Aspects of the role of magma mang 1 explosive
volcanism have aiready been discussed in Chapter 3
tand see Ch. 850 It mav be that imeciion of more
basic magma 1o high-silica magma  chambers
inggered a number of plinian eruptions (Ch. 3,

Many of the {1\'L}"<.i” downwind and  laieral
changes in the character of plinin fali depaosits are
now well established. These are:

tai  decrease 1n thickness,
hydecrease in masimum grainsize (pumiree and

lihics s,
‘s decrease i median grainsize increasing M,
values .

i morease in sorung tdecreasing o, values
fer changes in component population and
i decrease in median rerminal fall velociiy,
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lo} Thickness {m}

Figure 6.15 The if
occupled by Lago Fogol on S&0 Miguel (see
1] gy the average diameter of of
parrvce, likic ang ol

363 Fogo plirdan purrsce-Tall
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There are varous forms in which these data are
presented, c.g. maps or graphically  (Figs 6
15619 However. all ilustrate  the dispersal
characreristics of the fall deposu.

The best way of comparing thickness, maximum
grainsize and median gramsize s o omake Carea
plows” G PO Walker 19800 19816, G P L
Watker e al 1981d: Yigs 618 & 195, These show
the areas enclosed by isopachs of thickness, or
sopleths of maximum or median gramsize. These
plots are usehul for comparing the dispersal charae-
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weristies of different phinian deposits. and can also
be used 1o classify difterent types of peroclasric fali
deposus mstead of using D-F plots. In pracice. 1t
1wooeasier 1o determine  the areas eaclosed by
maximury  grainsize asopleths (Fig. 6190 than
derermaning D70 values. The value of 1) s
sensgive to e cholce of Fl. (P 6 1h. which
mav have to be extrapolated from data colfected at
locations some distance from the vent. G I 1.
Walker (198 Thiindicated that when categorising a
depaosit as plirman or not. more rehabiiny should be
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G4 3 MECHAMNISMS AND DYNAMICS

FFrom  observatams of - histone

analvsis  of

eruptions  and
phnian-fall  deposits. coupled  with
theorenical anabvsis and modelling. o large amount
15 known abowt the mechanisms and dvnamics of
this type of cruption. The development ol ideas on
plinian eruption mechanisms can be traced 4
number of papers hased largelv on the work of
Lionel Wilson /L. Wilson 19760 19804, 1., Wikson
¢l af 1975, 1980, Sparks 19784, and Sparks and 1.

Wilson 19763 Pliman erupuons are essentialiy
relatively steady. high-energy events o which

PR | s raloaaoss o e PR
and gas o relessed through w o ocondulr o the
atmosphere.

We have abready discussed how {ragmeniaion of
magma occurs durmg this wpe of cruption

Chaprer 3 "Figo 340 Gas bubbles 1 rising salic
magma nuckeare and grow untl the volame occnpied
by bubbles has mcreased (by pressure decrease and
gas exsoluiion: 1o a critical value of abous 70808,
when magma distupts (Sparks 19780 Rapd aceel-
erauon of the disrupted magma then occurs through
the conduir, which 18 essentially o fracture propa-
garted 10 the harih's surfuce (rom the magma
chamber. The maxamum veloony of the mixiure as
1t Jeaves the vent is a function of gas pressure at the
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fragmentation level, which 1s the depth 10 the free
surface of the magma where fragmentation is taking
place (Fig. 3.4; and see L. Wilson 1980a for a
detailed analvsisi. The theoretical models of L.
Wilson rl%[)a“} predict maxtmum plinian eruption
verocities of 600 m s™', which would agree with
maximum velocities deduced from the sizes of the
largest ballistic clasts ejecied in these eruprions,
These exit velocities indicate that the volumetric
discharge rates of magma can be as high  as
10°m* 57! (dense rock equivaient), which are
substantially  greater than in observed historic

Table 6.3 Esumated murzle velocities and vaolurmets
2IURHON rates of some plinian eruptions.

Erupton Maximun muzzle Average volurnetnic
VEIOCITY aruption rate
s im- &
Upoer Toluca 500 ¥ 107
Mimnaoan 230 ® 10°
WESLVILES f‘-’j; 14 VIS FARTe
1 380 x 10
[S158 418 S
Santd Mans 1902 2270 VAP Tex

Wil

fdanse rock

i erupton ra

Tz (uvern i 1eims

at (Y977} Sparks ot ol (1981
198061, G P L. Walker (1981, ©

ARy

i Bloorafisld m

Tabie 6.4 Estmated durations of some plinian aruptions

Erupton Duraton i Soures
Upper Toluca 20-30 theorebcal anatysis
111 600 years BF)

Mincan 1470 BC 2040 theoretcal Pmiysw
Vesuvius AD 78 24

Fogo 16683 e 8

Aska 1878 65

Hekla 1947 1 RGN

Mz St Heiens 1980 S r‘boew AU0n

Date taken trom Bloomfield et el (1977, Sparks &1 ai
19811, L Wilson 11876, 1978, 1980k
eruptions {Tablie 6.3). A continuous gas blast can
probably not be sustained for a long time., and from
the available data typical durations vary from one
hour to one day (Table 6.47 The 1363 Fogo
erupuon lasted up 1o about two days overall. but it
plinian eruprion phase was interrupted during thisg
time. and the deposits contain interbedded small
ignimbrite flow units and other lavers. The duration
of large ignimbrite-forming eruptions which some-
tmes follow ar miual plinian phase can be much
longer (Ch. 8

As a plimian eruption proceeds. we can predict
that two things will generally happen with time:

{ar  deeper. and more gas-depleted. levels of the
magma chamber will be tapped and
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ihe widening of the vent byowall erosion will
oecur

The :f'fu‘-f:'a' m’" Catis to reduce the gus veloonty of

with e,

1 ': di‘;chumc rate with time. and

this wilt produce a column thit steacdily grows in

The eff

height, Both tatand ih cause the effective densiry
of & plotan coiume  nerease steadily, This can
continue uniil at some stage the density of the
sluma becoses ayester than that of the atmus
phere. when f-:_;*;"'ml(;nal collapse will accur e
generate lorming
Models have shown that varsnus combinations of
svoard vens radios

imnr pvrochsiic fows
magmate gas content. gas velod
produce convecing columps and others produce
collapsing columns 11 Wikson 19760, Sparks & L
Witson 1976, Sparks o of 19780 LW
1980, Tag. 6,200 and from these we can therefore
predics when eripion column collapse will oceur.
Cotumne Lormed  {from muemas wath igh gas
1o show corn-

son ool

contente S wrt watert are fikedy
vective moetian. whereas those with low gas contents

com b wra water s will form collapsing columns. Li
magmas with inermediate gas contents. coblapse
radine exceeds o value
pon alt pliman

will oceur when te vent
defined in Figure 6200 However.
eruptions conbinue o the collapse or ignimbrite-
forming stage. and there are many examples ol
siinian deposits withous assoctated ignmmbries
cooL the IRTS Askia phman deposit Sparks o al.
08T - ihe 1902 Sani Maria depasii . B W ilhames
& Self 19835 and the Bpper Tolucs plinian deposti
in Figore 613

Wik this theoretical hackground. we can now
explain two common fearures of phinten fall deposirs

that have heen described: reverse grading. and
siratificanton in the upper §z11'1.\: of deposits. The
Wileon of of. {19801 cuggest that the

reversy ;I?udiﬂ&_? o phman-fall

maodels of 1.

migpor cause o

deposits s vent-widening by wali erosion during

the or ISARIRIRIEN As g [N EM CONLINLYS and he vent

widern, the mass t}l\-‘di&;l}lL Py IUTCises aned.

mecause of the inerease in mes and energy I

ereased convectye veloces will raise the heighi
of the eruntion columin. Parnckes of g given size will

be taken 1o increasing heights 1 ihe cojumn before

3 vent rod P
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& will then be transparied dowe.

boing released.
*i‘md from the vent during the wruption. The

pereased proporiion of arger clasts downswind
\mh ime will butld up a reversely graded deposit,
Shifts in the wind direction or speed could also have
this effect. bul these variables should also produce
st an many examples of normally graded phiman
fall deposits, This s therelore not a general
mechanism (o exphin the commor aceurrence o
reverse grading i many deposite. Local reverse
erading could also be found n fails de postied
water. or on vory steep shopes tollowed by secondary
mass (graing flow tsee Duthield o al. 1979

\Widening of the vent. together with an 1{1&';&?;130{.‘.
fate of erosion during the eruption. also explams
why many plinian ull vertical
fnerease in the proportion of sccessory hrhies. An
estimate of the bic content the
amoeunt of wall erosion end the size of vonduit. bor
exarnple. the Fogo A pliman pumice cleposit on Sao
Maguel contains (.09 et ol Hithie fragments
(14 wiYn and if the magma source was ap a depth
of = Jam this would be equivalent o g hvpothencal
i drameter 78 m,

leposiis show a

refore indicaies the

cored-ont ovihindrical condunt o
Flonvever. erosion 12 likely o be more importint
near the surface. where rocks are weak and fess
consolidated. and flaving of the veny il crefore
probably likeiv (1. Wilson o od THR0T

The sxplanaton of the stranfication abserved at
the tops of many phinin deposits seenys o by that i
insrabilises wos column nearing the
Changes in wind direciion and

. w i 1
15 Caused m

point of coliapsc,
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speed could cause siratified lavers. but their com-
mon occurrence at this level. and the presence of
interbedded pyraciasuc flows and surges. sugrests
a mote general mechanssia, as with reverse grading.
Any changes in gas velociy or mass discharge rare
in a colump verging on collapse will have pro-
nounced effects on its behaviour. Small collapse
events that generate pyroclastic flows and surges
mav occur, for instance, with & sudden incresse in
mass discharge rate. A convective column could
then be re-established with o shight increase i gas
velocity due toa small increase i gas content of the
magma. Choking of the veny by collapse of the walls
will also reduce mass discharge rate. re-esiablishing
aconvecting column. but afier this lithic debris has
been removed by e¢jecton the wider vent will
promote collapse of the column. A complex se-
quence of actvity and of pyroclaste deposits could

therefore be generaed before massive collapse of

the whole column occurs. leading o a major
igmmbrite-forming eruption.

6.5 Sub-plinian

These are pumice-fall deposits which resemble
pinian deposits - the field, especially near the
vent. but when mapped out have a smalter dispersal
and are small volumerrically. G P L. Walker
(397300 set arbirrary D himits for them of between 3
and 500 km (Fig. 6.2, Thev are s common tvpe of
pyroclasue fall deposit, although only a few specific
desceriptions occur i the lnerarure. This is becapse
studies of pumice fall deposiis have generally
concentrated on the larger, more-dramatic examples
which are usuallv plinian i their Foand D
characteristics. However. Self (19760 described a
number of sub-plinian fall deposits on Terceira in
the Azores we.g. Fig. 6 211 and Booth e af. (1978
documented examples on Sia Miguel. Sub-plinian
pvroclaste falt deposits are o product of rhvelie
volcanoes and  stratovoleanoes. like their larger
pinan counterparts. Manv form during an earlv
explosive phase accompanving the effusion of a
small rhvolite dome or coulée. as do the examples
on Terceira. However. plinian deposits can also be
crupted i this sizuation.

SUB-PLINIAN  15]

Sub-plinian eruptions are scaled-down plinian
eruptions, and their mechanisms and dvnamics can
be wreated as essenually the same (L. Wilson 1976,
1980k, Large lithics indicate that in some eruptions
muzzle velocities are as tgh as in some plinian
events <400 m 5" 1. although the Jower range s
100 m s™' (1. Wilson 19765, Mass discharge rate is
ltkely 1o be lower for sub-plinian events. and this is
the mam factor conwrolling erupuon column height
and dispersal. The sub-pliman pumice-fall deposits
on Terceira are well-stratfied and  Sell 11976)
suggested that there were large fluctustions in the
gas exu velocnv. and hence mass discharge rate.
This would also inhibit the developmient of a fuliy
maintained convective plume. which would there-
fore not attain the beights associated with plinian
columns. Sub-plinian eruptions can lead io the
generation of ignimbrite-forming pyvroclastic Aows
similar to the larger plinian ones. The examples
menuoned above from the Azores do not show this
eruption sequence. However. it js shown in the
eruption of Krakatau n 1883, A pumice-fall deposit
which preceded an ignimbrie erupted st Krakatau
15 sub-plinian rather than plinian in it characier-
Istics [Self & Rampino 1981

A muamber of hasaltic or near-hasaltic scoria fajl
deposits are now also known 10 be sub-plinian in
thewrr dispersal characterisues. rather than strom-
bolan, G Po L Walker (1973b) cutes as an example
the 1970 Hekla erupuon, and another example is
the scoria-fall deposit erupted with the formation of
Sunser Crater (AD 10657 in the San Francisco
& Plate 51 As well ag producing a verv widely
dispersed scoria-fall deposii (dense rock equivalent,
DRE = .30 km™; the Sunset Craier eruption aiso
built a scoria cone 300 m high (DRE = 0.13 km™,
and in this respect is more tvpicallv strombolian in
ns character. For such widelv dispersed scoria-fall
deposits. one has 1o envisage o fullv mainained
convective piume which reached greater heights
than i nermal strombolian eruprions. The gas
thrust part of the column w the Sunser Craler
eruption may  have reached heighis of several
hundred metres. vather than the 30-200 3 that s
usual 1 normal strombolian eruptions FAmMos o af.
19515 Such energetic basalue erupuion columns
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6.6 Ultraplinian

fwhich in some examples are also known o have
attained plinian proporuons. see earlier: may have
formed through @ combinaon of a rejanively high
magma discharge raw and high imaal magmanc gas

‘Ulraplinian’ has hccn recentiv intraduced @
separate tvpe by G 1. CWalker (198073 1o descy

COntents. the maost widely dlspcrud plmian fall depos



(%) 1M

fuced as a

o describe
I deposits.

Published datx are as ver only availabie for one
deposit. the Vaupo pumice. which forms part of the
eraption sequence of the AD 186 eruption of Lake
Taupo. New Zealand. The products of this eruntion
will be discussed in more detail in Chaprer 8.

The Taapo pumice is currently the most widelv
dispersed pyroclasuc fall deposit known. [3- and F-
values are much higher than for normal plinian
deposies iFig 620 and clasts are dispersed over a
much wider area (Figs 61719, The Taupo pumice
only has a maximum measured thickness of 1.§ m
which. by comparison with most near-vent plinian
depaosiss. 18 rather thin. Another feature is that the
deposit 1s very enriched in free crvstals. This results
lrom the high degree of fragmentation, end from the
loss of & large proportion of vitric material by acolian
fractonation. Dama from crvsial concentration
studies on the Taupo pumice show that 80%.
mainly glass, fell out 10 ses further than 220 km
from the vent.

Because of the great column height, which is
estimated to be =50 km (G, P. L. Walker 19%05.
the deposit is aiso thickest 20 km downwind irom

C. ak . Fevrssisanvutianrt
m gauruhoe
- == B —  hickness (mm)

Figure £.22 |sopach map of the waicarian pyroclasic fall
dgepost erupted from Ngaurshoe on 28-29 March 1674
Note thickresses are m milimetres. (Afrer Sell 1674

VULCANIAN 153

the vent. Thus in these situations the isopach map
must he used with caution as an indicauon of the
vent position. From other evidence. the venr for
this eruption is known 1o be in Lake Taupo.

6.7 Vulcanian

Vuleanian pyroclastic fall deposits from individual
eruptions are thin, small volume (<1 km’s, strati-
fied ash deposits which contain large ballistic
bombs and blocks near 10 the vent. sometimes with
breaderusied and jointed surfaces (Figs 6.22-24),
In composition they are usually  intermediate
(basaltic-andesite, andesite, dacite;.  They are
commen products of andesire and basaliic-andesite
stratovolcanoes. However, they are usuallv so thin
and fine-grained that thev are soon croded by wind
and water. When eruptions continue for & few
vears. bedded sequences can be built up near the
vent, but these are never likely to be of great
thickness. ¢.g. less than 2 m of ash-fall deposits
accumulated just 800 m downwind of the vent on
Irazu voicano. Costa Rica. {rom the eruptions
between March 1963 and mid-1964 (Fig. 6.23).
Vulcanian activiiy has been observed in a large
number of histeric eruptions: for example: Fuego

Geokan wet season
i
rippies {March 20~ Jdune 23 i864)

dry sedson
(December [0 1963~ March 19 1964)

Taem
ETOSIRN

we! season
{(March (3~ December § [963)

L SR S

Figure 823 Secuon dug 23 June 1964, through  ash
deposts accumylated rom vulcanian activity at lrazg, 814
Rica, which begar 13 March 1963 The lopcation s just
BOU o downwind of the vent. Whiie many of th lavers
ars the depasits of single ash falis. others represent lavenng
produced machanicatly by falleg rsindrops, sheet wash and
aeochar reworking, For this reason ash depostad during the
wil Seasons aPPears 1o be better swatified. The promiment
erosion surface resuls trom & huge downpour on 10
Decermber 1963 [After Murata et s/ 1966
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e
Ballistic biocks from the 188890 eruption of
vulcano. o) Bresdorusted biock (bt Block naving aviernal
rachial caoling omis.

Figure €.24

volcano. Guatemata, which has had 25 vulcanian
eruptions since 1944 (Rose o al, 1978, Martin &
Rose 198100 the 188890 eruptions of Vuleano in
the Acolian Islands, which are the “tvpe example’ of
this actvity (Mactdonald 19725 the Irazi eruption
(Murata o7 af. 19661 the 1976 cruption of Augus-
nne volcane. Alasks (Mienle & Shaw 1979 and
examples shown 1n Figure 625

Actviry dunang vulcanian eruptions proceeds as a
number of discrete cannon-lile explosiens at inter-
vals of commondy tens of minutes w hours. These
short-lived explosions produce a seres of smalj
S 10 kmi owith plumes

eruption  columns
strung out downwind of the voleano, Peroclaste
fall deposits are fine-grained with o wide dispersal
fFig. 6250 Larger (ragmenis in the column simply

fall back arcund or inw the vent. to be further

fragmented and sbraded. Commoniv. 2 larae pan

108 - Gy Ny Foy
&
-
-
-
wn o
g
S
e P cys b
& o SURTSEYAN R et
boatl s s
iR g h7e W 4
y ~T //
e Eﬁk\Nlﬂ_I\l y
e b -~
FLANTIAMN ] s
-
O ; |
500
D{km®}

Figure 8.26 [-F plot showing feld of vt
deposns Cu, and O, erupnons of Cerro Nec Guatern
it 19 and 1H atold undared tepas
Boaraont New G Uhpen, fall depostt of the 1685
eruption of Mt Egmom apton of Fueqo in 1877, 4.,
aruption of lazdg o 19630 AL, and My, eruptions o
Ngauruhoe i 1974 and 1978 (After J WV Vinght et al 1880

ol I

Fa L

of the material cjected with each explosion is not
juventie, but includes & large fraction of country
rock as accessory lithics, At the onset of an eruption
a plug of older. pre-existing lava mav {irst he
expioded out. However, during recenty observed
eruptions (for example. Fuego in 1974 and Ngauru-
noe m F9757 coarser-grained scoria-fall deposits of
more  bmied  dispersal were  produced  during
periods of more-imense. mainained  explosions

eXOUNaINg Jense
L siug of frogments
oag ok

7 bollistie hthics

1C0m
failed cooled cap

magmao

zone of

groundwater

HERTIG
Figure 6.26
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condury T 20m)
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Figure 6.27 Eruption of Ngauruhoe, New Zesland,
are: 2030 mon chameter and bresking up with duss
airtall plume rising above sdmemin ;' :

with continuous gas-streaming. Eruption columns

reached heighis of 10 o 20 km, This wpe of

acuvity occurs miermintently with pertods of short-
lived explosions. and hence rwo tvpes of fall deposir
are formed during eruptions which have overall
neen termed vuleanian. The coarser scoria fall
deposits seem 1o have similar fragmentation and
dispersal mdices 1o those deposits termed vioken
strombobian by G P L Walker [1973h;.
small-volume  pyvroclastic flows are also Tre
quently generated during vulcanian eruptions when
farge amounts of ejecta full back around the veni.
Verv good descripiions of scoria flows associated
with the 1974 Foego and 1975 Ngavruhoe eruptions
are given, respecuvelv, by IR, Davies & of.
(19784 and Nairn and Self (19781 (Fig, 6.26 and

{a)

Bt 18 W0 ko
rails . b Collapse

(Atter Man & Selt 1978

VULCANIAN ]

LA
LA

see Che 510 However: not all veleanian eruptions
produce pyroclastic Hows, e g, Trami (19635,
The mechanisms and dynamics of vulcanan
explostons have most recently been described by
Schmincle (19775, Nairn and Self 119785 Self a7 al.
(1979 and L. Wilson (1980w, Self er of. (19791 and
L. Witson (1980a: have crincally evaluated the
energy equations used in previous studies for the
analysis of this wype of explosion fe.g. Minakami
1950, Fudall & Melson 19720 MoBimey 1973
Transient expiosions. rypical of vulcanian erup-
tons, result from the sudden release of pressure in
a gas due to the faiture of some cap rock 1Self 7 af,
1979, 1. Wilson 1980a; Fig. 6,265 Because of the
pressures mvolved. this cap rock s uniikely 1o be
simply a faver of unconsolidated clasts. It s most

@i Dxpanding siug at +8 50 large blacks
o of slug 1o fors pyro ;
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likely o be the cooled, congealed cap of new
magma that has risen after the previous explosion.
or it could be an oider plug. The pressure rise may
be due w exsolution of magmaiic gas. or o the
heating and partial vaporisation of ground water.
but not 1o violent mixing as n a phreatomagmatic
ETUPION.

Gas pressure builds up until the overlving cap
{ails. in tension or shear. For rocks at temperatures
up 10 930°C, pressures of up tw a few hundred bars
are expected (L. Wilson 1980a7. Ap explosion
releases 2 vertical slug of fragments and gas. with
initial velocities that mayv be supersonic. in which

case a shock wave would also be propagated {Nairn

19765 The history of one explosion from the
Ngauruhoe 1973 eruption shown in Figure 6.27 18
documented in Figure 6.28. The slug of maierial
was ejected st an estimated iniual velocity of
~400 m s~ L and partal collapse of the column
accurred at nearly 500 m nbn\'c the crater rim 1o
generate a pyroclasuc flow (kg 6. 27h

Self or al. 719797 and L. Wilson ! 1%{ ai have

300
Tm § b speed of sounc
v of e Col
E 400 \ * onser of column colinpse
*j_-\ .
5 By
- o A
> |
T |
y U
g e0o \_ decetprorion of erufficn siug
a -
o]
[ N §
[~} V2
o —
= o m‘% ~—~hm. P o WL e WA S
0 500 00 15800

Distance above crater rim {(m)

Figure 6.28 History of the 18, 10 R vulcanian exploson &
Ngauruhoe, New Zesland, on 14 Fehruary 197% Data are
from the analysis of stll photog s @re shown as
ars, Gurved ling approxiriates
the eruption shig. The sieen
eration i the gas thrust phase
siowe stable veiooty condition while

: = part (ol show

the cunve (@l e s
the fiat portion (b
IARTESEae

rEprEsents &
with i and column collapse
shght ncrease m veloo

w piume began. Ths
aitfough only hatl of ths was | :
volume then colapsad o fonm the pyrocias
Y780

estimated maximum velociiies of ejected debris in
vilcanian explosions as a funcuon of the prc%‘uru
heneath the reraining plug at the time it Lails. Their
cateulations suggest that previous esumaies of pre-
explosion gas pressures fof the order of a few
kilobarsi are overestimated by an order of magni-
rude. Thev also indicate that imual velociues up 1o
200 m 2! are readily explicable by magmane gas
contents up e & few weight per centh. and
pressures up to a few hundred bars are probably
comsistent with marerial strengths. However. for
initial velocities above 300 m s the influence of
external water must be postulared; even if pressures
of several kilobars (which cannot be supporied by
rock strengths) are assumed. unreasonable mag-
matic water content of > 10 wit% s imphed, Heated
ground water is probably o sigaificant feature in
such explosions. but not necessarily an essential
feature as proposed by Schmincke 11977

6.8 Surtseyan and phreatoplinian

These terms are used w describe pyrociasic fall
deposits resutung from eruptions which have taken
place in the sea or a lake, or by coniaa with ground
water. Such ecruptions are most generally called
phrﬂamma[_mam or hvdrovolcanic (Chs 3 & 53
Both tvpes of deposit have extreme fragment: ATIOT,
F bveing nearly 100% (Fig. 6,23 and this results
from the magma-—water INICTactlon. SUrisevan
pvrocastic fall deposits have moderate dispersal,
while phreatoplinian depmiis cant be extremely
widely dispersed (Fig. 6.2
There is a tendency to assoclate speaific magma

compositions with each of these two types of
deposit, based on the compositions of " the type
examples used o define the terms originally
fhasaltic for surtsevan, rhvolitic for phrearophman:
see below). However. given the right conditions.
the eruplion 0f any magma fvpe may produce the
dispersal and fragmentation charactensics debning
these two types of deposits on o -] plot. Tt may
thus he possible w find rhvoline surwsevan denosiis.
and andesitic. trachviic and even basaltic phrearo-
phinian deposits.
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B8 SURTSEYAN ACTIVITY AND
DEPOSITS

The term “surssevan” was used by G P L Walker
(1973 10 describe the wpe of -.urmli deposti
which would result from similar acuviry ro tha
observed during the erupoon of Surtsev in 1963,
stnee then. the surisevan fleld has been used in a
general wav o group basaine fall deposivs resulting
from different rypes of hydrovoelcanic aciviy.
Kokelaar 19830 pointed out thar there mav be
significant differences belween true surisevan activ-
mve where tseas water floods into the top of an open
vent. and rwe phreatomagmatc activirv, mvobving
trapped ground water. However. there is stll much
tor be Jearnn about such explosive interactions. and
for our purposes 1 18 cConverient 1o coninue 1o use
surtseyan” for the pyroclasue fall field on 247 plots
rrespectve of the environment of magma-warter
mierachon  or  vent conditions. and  phresio-
magmalnc more Jooselv for all wvpes of hvdro-
volcanie activity, This unformunately sl leaves
unresolved problems. For instance. we use the
basaltic-andesite ash fall deposited during the 1979

eruption of Soufniére. St Vincent. as an example of

surtsevan activiey because of 11 well documented
phreatemagmatic characteristcs and moderate dis-
persal. However, in detatl, the high concentranion
of lithics is not consistent with a (rue surtsevan ash
fall. and the deposit does not fit castlv into o -8
pigeonhole.  Perhaps  classification  as  (phreato-
magmatics vuleanman would be bener (R. 5. T,
Sparks. pers. comm. 1. Future studies mav clarify the
grainsize and dispersal characteristics produced
during different types of hvdrovelcanic eruption.
and may lead t the defininon of separate ficlds on
the D-F diagram.

Phreatomagmatic activity s very common in
basaliic veleanic Helde, producing maars. tuff rings
and il cones 1Ch. 13 These constructional forms
are largedy built up from the deposits of base surges
fChe S5 and thin ash-fall beds occur downwind
Fig. 6,290 Several examples of this type of
erupiion have occurred this century (Section §.6:6.
Eruptions of hasic w intermediate magmas through
small crater lakes on some stratovelcanoes have also
produced phreatomagmaric air-fall deposits which
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o= 50— thickness inmlt

Figure 6.28
frivm e Monts §

would have 1o be included under our broad
definion (e.g. the 1979 eruption of Soufriere. St
Vincent. Shepherd & Sigurdsson 1982 Fig. 6.30;

The downwing air-fall deposits are thin. Iim-
graied ashes iFigs 6.29-32. and internally they
may be well laminated (Fig. 6,321 because phreato-
MAgMALe aCHVITY $eems [0 ocour as 4 number of
short explosions. They olten coniain accs‘ctionur\'
laptll 1Ch. 55, and SEM phowgraphs of the ashes
show verv angular. broken surfaces due to the
magma-water interacton G POLL Walker &
Croasdale 1972 Heiken 1974, Far air-fall deposits
thev can be poorly sorted (Figs 6 20¢ & 310 Siudies
of the 1979 Soufriere atr-full ash laver have shown
thar bimodal sorting mav be an impormnt fearure
(Sigurdsson 1982, Brazier or ol 19820 Fig. 6.300).
Bimodalitv and poor sorting 15 atrributed 1o pre-
mature fall-out of aggregared wer or damp ash in
the eruption column or downwind plume. Accreted
ash could oceur as accretonary lapifli, or as
unstructured ash clumps. During the 1979 Soufriere
acuvity such ash clumps were observed to {all and
then break on impact.

Nearer 1o the vent this tvpe of air-fall deposit is
found mierbedded with base surge deposits. One
problem 1 near-vent situations s distinguishing
air-fall lavers from planar-bedded base suree de-
postts. and we will suggest the criterta 1o discrimi-
nate between them in Chapier 7. in manv cases,
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E oer . penerated surges. Other evidence of such ashes
i ;g} - “-\ being wer may be entombed gas caviies (Ch. 55
f £ sor . )
T g | VL. 6.5.2 PHREATOPLINIAN ACTIVITY AND
§p - LT DEPOSTTS
4 | . The term phreatophiman” was intreduced by Self
[ # P — e — and  Sparks 11978 for the sihcic analogue of
4 ¢ * - . surtsevan. and they described several examples.
i Distance (km) documentimg m detad] widespread ash lavers from
2 tc) the Oruany Formaton mow redehined and des-
t 1 cribed by Self (19831 as the Warake! Formation,
) New Aealand. and from a phreatomagmance phase
—~ of the 1875 Aslga erupuion (Figs 633331 They
L also mention another example in New Zealand. the
% ] Kotongaic ash. and examples fromd the Minoan
g ] eruption of Santormi (Bond & Sparfes 19765 and
oo Sde Miguel (Booth er e/, TOTE: Self 71983 : discussed
L ihe Oruanwi (Warakei: Formanon o dewal and
-2 e G L Watker (198 Tao documemied the Rorongae

Grain ash and the Hatepe ash. both of which were Ih;‘]}‘lc@
in phrearamagmane episodes during the Taupo AD
186 eruption. We shall deseribe these deposns along
with the uhraplivian depost also produced by that
erupuon 1 Chapter ® The Vesuvius AD 79
eruption alse produced phrewopioan javers. as
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R

Figure 6.32 Thinly laminated ghreatomagmatic ash-fall deposit of Intermediate composition erupted trom the stratavolcanc
Mt Misery on St Kitts, Lesser Aptilies (see Fig. 13.28, this ash depost also contains accretionary lapidi (not visiblell Knile is

30 em long.

All ot these phreatoplinian deposits were pro-
duced during phreatomagmatic phases of much
larger rhyolitic eruptions which involved several
different stvles of actuviry. Collectively. these in-
clude phnian. base surge and ignimbrite-forming
acivity (Fig. 6,337 With the exception of the
examples {rom Santorint and Vesuvius, thev all
mvolved eruption of rhyolitic magma through
caldera lakes. In the Minoan eruption, sea water
gained access to the vent on Santorini. During the
Vesuvius AD 79 erupuon. water from a deep
aquifer is thought to have eained access 1o the
magma chamber {Ch. 55

The exwemely wide dispersal of these deposits

(Fig. 6.36) indicates a high eruption column (of

phntan proportions;. vet ali of the other character-
istics of the deposits indicate thar they have a
phreatomagmatic ongin. Deposits are verv fine-
grained. even close 10 source (Fig. 6.3%1 and

accrenonary lapilli are common, They may be
finely larminated. especially rowards the venr. and
near to the vent they are often associated with base
surge deposits (Fig. 6.33). Deposits are poorly
sorted for pyvroclastic falls. especialby considering
thewr median gramsize. and their size distributions
are bimodal or strongly negatively skewed. or hoth.
indicating that they have an extended coarse tail
(Fig. 6.37) In contrast, plinian deposits are posi-
tvely skewed. SEM studies show tha blocky
shurds are rvpical (Heiken 1972, 1973, Wohlers
1983 Ch. 3). although the phrestoplinian deposits
of the Aski 1875 eruption do contain “vesiculated”
cuspate shards (Sparks of @/. F981 5. more usually
associated with magmatic eruprions. as do the
deposits of the Oruanwi Formarion /Self 1993,
Laterally. phreaioplinian depostis become im-
perceptibly thin and fine over wide areas. Down-
wind there is livide sorting of the size distribution.
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Figure 8.35 Phrestoplinian members 1-3 of the Cruanui Formation, New Zealand, 25 km {rom source Nmmnr 418 the b
of the co-eruptive Oruanul ignirmbrite. Erosion surfaces betwean m embers can be seen The scale 5 48

Sparks 1978
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Figure 6.36 splinian deposits er el
& bparks 1t >

and 1t is onl\ the farger particles that are lost with
ncreasing distance from the vent. This vpe of
grading is coarse-tai] prading, and conirasts with the
distribution grading typical of plinian  deposits
where, laterallv, sorting affects the whole size
distribution {Fig, 6.37). Downwind sorung of fines
must be mhibited 1n some wav. and invelves the
bringing down of different-sized particles in aggre-
gates or clumps 1o explain why these deposits are so
fine-grained near source and so pooriv sorted.

These could fall as accretionary lapilli. but perhaps
In manvy cases as unstructured clumps of ash. More
extreme would be the wholesale water-y 1shing of
the downwind plume, in which case ash could fall
as ‘muderain”. Go P L Walker 11981d0 deseribed g

tvpe of microbedding atrribiited 6 the splashing of
falling water during deposition of the Hatepe ash.

The source of most of the water was Jikel Iv 1o have
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been steam-generated at the vent by the nteraction
of magna and waier

Oither svpes of p\*l()dasru fall deposit can ye-
semble phreatoplinian deposits i the field. One s
formed by local flushing of 3 downwimnd phm(m or
sub-plinian plume by atmospheric rain, and this
fype we have mentioned while discussing plinman
deposits. Such an ash-fall deposit could contam
gecretionary lapitli. but an wopach map would
<how that the deposi (mi\« covered & very limned
aren, Co-igmimbrite ash-fa bodeposits associated
with 1gnimbrite- forming crupuom (Chs 5 & 8 can
be very widespread and, if ram-flushed. conid also
contain accretionary Japilis, However., these ash-fall
deposits are it _enriched because orystals are
preferentially segregatec 4 into the pyroclastic Hm*w
while phreatoplinian deposits should contain neare
1o the original magmauc ervstial ratios 1 the magma
were porpherine. Textural v, co-ignimbrite ash- fall
deposits should contan delicate shards and bubble
wall fragments. suggesiing fragmeniaton by ex-

solving  magmaic gases. B has now also been
recognised that plinan STUpHOnS My produce
cubsiantaliv more fine ash than has hitherto been

e phreatoglinian
v plinan

53

Skewness (o)

sis (Fig, 63%) Free
agamst soring. (Alter ;m{l

suspected, and may deposit poorly sarted. bir
ashes distativ. Problems o the 1muprct.nw- ol
distal silicic ash lavers are discussec {in Secuon 9.4

6% 3 MECHANISMS

We have atready discussed (Chs 3 & Sisome of the
physical controls of phreatomagmane or hvdre
voleanic explosions thal gencrafe surtsevan and
phreaioplinian pyroc fastic fall deposity, Clearty. the
mujor conirast belween these rypes of eruptions and
magmatic eruptions 13 the degree of fragmenianen
of the magma. In magmatic eruptions disrupuon
and fragmentation of the magma {5 by exsolution
and expansion of its volatiles. In comparison, s
produces the relatively coarse population of par-
tickes observed in strombolian and p Alinian deposits.
Flowever. even i the phreatomagimaie dase i 2
Hikely thai some vesteulation and disrupnion of the
Magma GCeurs by magme atic gases. SEM studies do
show that shards from surtsevan and phreatophnian
depusits. although having sharp fractured RENNNE
aries. mav contain small vesicles. sugQesnng ihai
magmatic {ragmeniauon could plav a role tsee Figs
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3H8, 24 & 235; Secuion 3.5.1). Self and Sparks
(1978} suggested @ two-stage model for fragmen-
tation 1in many phreatomagmatic eruptions. Magma
is first partallv fragmented by vesiculating mag-
matlc gases 10 give a coarse population which then
interacts with water. Hydrovolcanic  explosions
occur and a second stage of fragmentation s
mitated. which is aided by the large surface srea of
magma presented to the water because of the inttial
magmatic breakage. Final grainsize characterisiics
of the cjecta will depend on the efficiency of
miving. From Figure 3.9 a water : magma mass
ratie of (.3 leads to the most efficient fragmentation.
If almost complete hvdrovolcanic fragmentation
occurs. the only evidence of the role of magmatic
fragmentation will be small vesicles seen within
some larger shards. In less-efficient evenis, larger
ash-sized fragments may be poorly  vesicular,
However, 11 1s unlikely that abundam delicate
cuspate shards and bubble wall fragments would he
preserved. This two-stage model for fragmentation
also explains the grainsize distribution of phreaio-
phinian deposits: the fine-grained unimodal popu-
lavion is generated by hvdrovolcanic fragmentarion,
while the coarse-tail is of larger particles broken by
MAZMALIC Processes.

Erupton columns for this tvpe of activite are
driven bv rapid successions of hydrovelcanic ex-
plosions. Observations of the 1963 Surtsey eruption
suggest rhat these occur every few seconds 1o tens of
seconds {Thorarinsson or al. 1964, Each explosion
at Surtsev thrust out black jets of ash and bombs,
which occasionally reached heighis of abour T km.
Finer particles were then wken o greater heights
by convecton., occasionallv as high as 9 km
{Thorarinsson er al. 19641, During the 1979
soufriere eruption. columns {rom phrestomagmatic
explosions rose as high as 18 km {Sparks & L.
Wilson 19823,

A the steam-pyroclast mixiure rises. conden-
fsation of the steam mav occur in the column. This
iphase change reguires a targe change in volume,
and a subsiantial increase in density. Although this
may be partially compenssied for by mixing of air
Hrom the side of the colurnn, partial coliapse of the
jcolumn could occur. It s in this situation that base
fsurges (Ch. 53 will form. Eruptons producing large
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amounis of steam mav have lower convective
plumes. because of the thermal energy lost in
vaporising water {Ch. 5%, However, the much finer-
grained nature of the ejecia means thar it will be
more widely dispersed from a lower piume than it
would be from an entirely magmatic plume.

There ase no direct observations of phreatoplinian
eruptions. but the continuous eruption of rhvolitic
magmma at a high discharge rate through, sav. a
caldera lake 15 likely 10 produce an eruprive plume
some iens of kilometres high.

6.9 Distal silicic air-fall ash lavers

The interpretation of distal (> > 130 km from the
vent; alr-fall ashes associazed with large magnitude
silicic eruptions has become problematical. Large
magnitude events, in many cases ignimbrite-
forming. can be very complex. and this makes
understanding their distal ash lavers difficulr. Up ro
a few vears ago they were generajly assumed 1o be
pre-ignimbrite air-fall deposits, a view still upheld
by Izew (19815 More-recent studies have indicated
that crystal-enriched ignimbrites should be ac-
companied by equally voluminous vitric-enriched
ash falls. Many widespread ashes were subsequently
mterpreted as co-ignimbrite ash-fall deposits (e.g.
Sparks & Huang 1980; Ch. 81 Widely dispersed
phreatoplinian ash-fall deposits weve then recog-
nised, and G, P. L. Walker (19807 suggested that
widespread ash lavers could also be formed by
ltoral explosions when hot pumice flows entered
the sea (see Chs 3.9 & 105

New studies. 1 which the 1otal grainsize popu-
tations of deposits have been, determined, now
suggest that the volume of fine ash produced during
plinian eruptions 1s much more than was previousiy
supposed. Thus, the importance of widespread ash-
fall deposits of plinian origin mav have been
underesumated.

6.9.1 WHOLE-DEPOSIT GRAINSIZE
POPULATIONS

Most studies of pyroclastic fall  deposits orlv
provide data on thickness and graingize to distances
<150 km from the vent. Whole-deposit grainsize
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populations are rmportant hecause they reflect the
initial size distribution i the eruption column. The
main problem has been estimate the amount of
fine-grained ash. because a proportion of this s
alwavs going o be deposited vurside the hmits of
the minimum thickness sopach. Various methods
have heen emploved. but usualiv thev involve
dividing the sopach map up into different seg-
ments. Grainsize data for the segmenis are avers red
and then weighted according 1o the volume of cach
sub-unil. Crystal concentration studies are used to
assess the total volume of the depostt for Ihc are
surside the minimum 1sopach 1see App. 1
o1al graingize < distribution 18 then ducrmmod
integrating these data.

Whole-deposit grainsize curves for some deposits
of highly explosive gruptions are given in gure
.38 What i surprising is the high pmpornnn of
fiaes found in some plinian deposits. and the Taups
uliraplinian deposit, These only seem 1o differ from
the phreatomagmalic deposiis i having & rail of

Coarser gramsizes. suyggesting That fragmentation
dunng phnan uupnum v be much greater than
WS prcxmt sty thought. G P L. Waller (1981a
suggested that the mart \Ld v different appearances

of phnian and phreatophinan deposiis i the field
reflect a different depositonal process. perhaps
water-flushing in the second <ase. rather than
degree of {ragmentalion.

The data from Mt St Helens (kg .38 are
difficuln 1o assess, Near the vent the air-fail oz
sopnewhal tvpcal coarse-grained  phinian punice
deposit, ar
populanon

However  the whole-depost AUnSLY
ph zimi aplinian

verv mgh proporion ol ash was

resembles  that - of
deposits. and @
nroduced during the erupuon. Carev and Sigurds-
son 119871 suguested that mieraction with external
water may have been imporiant, FHowever. mech-
apisms of magma iragmentation and how  they
nperale during cuplosive eruptions are hitle under-
stond al present. As indicated b G 1L Walker
981, the clanficaton of prainsize relationships
reguires more work.

692 SECONDARY THICKENING AND
BIMODALITY

As well as Targe amounts of fine-grained ash, the Mt
St Helens deposi Siil‘fﬂli\}il”i\ showed secondary
thickenmg ba\ond the 1 om sopach (Fig. 58
First, the air-fail de po\n thinned exponentialiv o
1.0 em t't‘nciqu.\: 41 180 key. bur then incressed o
40 e thickness at 300 km before thinpmg once
igam at greater distances. Carev and Sigurdsson
(1982 arributed  this o premature fall-out of
aggregated particies m the er uption plume. Sorem
(1992 described ash clusters carefully collected
while setiling. and shows SEM phowgraphs of
these, These ashes are poorly sorted and bimodal.

Aggregation mav be related 10 condensanon of
vapour in the plume. which could have been
lmpnrmm i water was involved m the eruption. ¢
perhaps o clectrosiatic chargmg ol parucles.

Secondary thickening had previously only been
described in the air-fall deposit erupted  from
Ouizapu n 1932 (Larsson 1936, bt Brazier o al
11983 recognised that secondary fhickening and
bimodality mav he common featires of £ disial ash
deposits. Thev descrine several North Amencan
examples. Some are the digial deposits of gnimbrite-
farming erupiions. bur others werd from solely
plinian erupiions.
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Bimodalitv has been used as o oriterion o
distinguish  co-lgnimbrite ashes from  precursor
piiman ashes in the deposite of mult-phase
wmimbrite-forming  eruptions. In  co-tgnimbrire
ashes at or near vent. bimodalinv has been ar-
trributed 1o two separate sources which contribuie
the different modes (Sparks & Huang 1980 Ch. 8.
The results from Mu St Helens and other North
American ash lavers now bring o question some
of these interpretations. Bimodality mav also be a
common {eature of distal plinian deposits. Volea-
nological considerations sl support the idea that
distal ash lavers have a substanual co-ignimbrite
component cof. Izett 19815, but the plinian compo-
nent may be much larger than was recently
thought.

It is therefore apparent that. in distal situations.
clearly disunguishing phreatophinian. plinian and

_comignimbrite ash-fall deposits is going 10 be very

difficult. By grainsize charactenstics alone this may
be 1mpossible. Proximal charactenstics of the
deposits and the eruption sequence will provide the
hest criieria.
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Finally, if secondary thickening is a common
feature of distal plinan deposits, it therefore has
important imphcations for calculating their vol-
umes. Conventonal wavs of estimating the volumes
of phinian deposus are based on thickness—distance
plots. These plots give stralght-line or exponential
relavlonships in areas near the source (< {50 km
{rom the vent). However. secondary thickening in
distal deposits suggests that this method is therefore
unsuniabde where dispersal of ash occurs over
distances greater than 156 km from the vent icf)
Froggatr 19821 The volumes guoted in Table 6.2
were obtained by a different method see App. I

6.10 Welded air-fall ruffs

As discussed more fullv i Chapier 8 (Section
§.10.13, welding mvoives the sintering wogether of
hot. glassv fragments. irrespective of shape and
size. under the influence of a compactional litho-
stanc load. During welding the glassy fragments
deform plastically. producing ¢ bedding parallel

Table 6.5 Examples of weldad ar-tal tufs found on modern volcannes

Composiiion

Heterence

Thera welded Wit Santonin gacite imixedd)

Therasia welded Wt Santonm dacie {mxed)

Askia TH?E loeland rhyolise fmsxead)
Ruapehi, New Zealand andesite
Newberry caldera, Qregon, USEA andesite
M1 Grarding, Liparn rnyoliie:

Erakatal 1883 dacite ke

Mt St Hedens 1980 daciie
Tenerte (severa of the ‘cutaxites’) phonoiite
Greern tuf!, Pantellens partediente

Mayor island, News |

partedborgs

kT Suswe “glotuie Wi Kenys piniellerte

Dasaltic

Tonganro, New 2

Taravers TEEE, Naw

Sparks & Wnght {1979:
Coparks & Wright (19785
Sparks & Wright (1979
personal ohservaion
pErsonal obsarvanon
personal ohasrvaton

Selt & Bamprn (1981

Barks & Hobhtt (1981), Rowley er 2l (1
G.F. L Waiker pers oo

YOG (TSR0 Wolft and Venght (1981

B Hougnion {pers. comn )

Hay er al (1979)°

Heaby {1863

8701, 3P L Watker «

paEa)

shaet mantles
vent and the overafl degres of waiding shows

s opagraphy, 18 freguen Y ariteecd welded wfl
O ar
STONG {1!—,‘.;){-’5('\(_'5{.%‘

; T
s found interbeddedd w
on cistance fro

SR A wwelde i
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fabric of flattened, elongate large pumice fragments
(hamme’ and glass shards, known as eutaxitic
TeXIUre.

Welded tufis are common in the geological
record. and are generallv called sgnimbrites or ash
flow wifs, mnplving depostiion from a pyroclastic
flow. However, welded air-fall tuffs are u common
volcanic product, and are known 1o occur on
several modern volcanoes, covering nearly the full
range of magmas compositions (Table 6.5, Thev
have also been recognised in ancient volcanic
successions (Suthren & Furnes 1980

The best documenied examples so far are from
Samtorini volcano. Askia voleano. Leeland {Sparks
& Wright 19793 and the wland of Pantelleria in the
Channel of Sicilv (] V. Wright 19807 These wuffs
can be distinguished from welded rocks formed
from pyrociastic flows by their geomeiric form.
textures and field refations to non-welded counter-
parts. Their features indicate post-emplacement
compaction and welding over a wide area. and

cannot simply be ascribed 10 the agghutination of

spaiter lumps on impact. We would restrict the use

of the term ‘agglutination’ to describe the process of

deformavion and sintering of air-fall pyroclas:s
when they impact on an accumulating bed, Flar-
tenmng 35 thus caused by the momenum of the
falling pyrociasts. This 1s distinet {rom welding., in

a sirict sense, which occurs under the imnflucnce of

load pressure imposed by already accumulaied
tephra on the underlving, stll hot. part of the

deposit. Aggluunation requires the eruption of

more fiuid magma and. as we have discussed. is
therefore a more important process in basaitc
eruptons (Section 6.2 5. However. extensive welded
scoria-fall deposits are known (Table 6.5:. and
agglutinarion could have been an important process
near the vent during these cruptions.

Welding has also been documented in “fused” or

sintered” tuffs where lava has induced welding of

underlving ar-fall lavers (Christansen & Lipman
1966, Schnuncke 1967a;. but these are not formed
by primary processes lke the examples deseribed
here.

6 L] CHARACTERISTICS AND EXAMPLES

Discussion of the more general aspecis of welding
tentures and processes will be left uni! we deseripe
welded ignimbrites in Chapier §.

In the air-fall examples that are known., welding
ocours owlwards to a distance of 127 uw from the
probable vent position. Ignimbries. on the other
hand. can be welded at distances of 56 km or more
from the source. The basie orieria used 1o distin.
gush welded vaffs of atr-fail ratieer than pvroclasnic
How origin are:

far mantle bedding and deposition on sieep stopes
F200 Fag. 639

(b miernal stratification and dsumnguishable {ali
units (b may be reflecied by rapid flocio-
anoas in the compuction profile; and

for mon-welded equivalenis having depostional
and grainsize characteristics of airhorne ey,

We will now briefly menton some of the
examples that have been described.

the Thera welded mff on Samoring forms a
distinenve Mack. plassy, daciric faver as much as
Yo thick (Figs 6. 4042 which m hand SPECHTICN
has a well developed sutaitic exture, 1t is exposed
for more than 1.3 km in the calders wall and must
have orgmnaliv covered at deast 1 kme Farerallv
and vertically the welded uff passes into o thick,
voarse. non-welded pumice (adt deposiy (the Middle
Pumice. Fig. 13,305 which. near the welded tuff. is
thermally darkened and black in colour iFig 641,
This laver mantles ropography. and sopach and
maximum-sized sopleth maps are 1vpical for plintan
gir-fall deposivs (el Figs 618 — 191, These maps
indicate that the vent was near 1o the place where
the welded ruff is thickest. On close mspection the
tuff 1s seen 1o be internaliv siratified and 1o contain
some conspreuous lavers of coarse pink pumice.
Many of these sre notlaterally continuous. and thev
are thought W have formed by the rapid Jocal
accumulanion of very farge pumice bombs, These
produce anomalous deviations i the compaciron
profile. and one s shown i Figure 642, Gramsize
anaivses of the non-welded pumice deposn are
typical of a fall depesit (Fig 6,43

The Askya JE7S welded tuffs were formed d uring
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(a) (b} Unwelded thickness
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Figure 640 Distinbution of the Thers welded wf and its
sguivalent norrwelded  purnicedalt deposit the  Middle
Fumicel i the calders wall of Santoring, Greece  Dotted
circle marks the ares in which the source vent probably
occeurs. ksopleths show the average diameter of the five
largest clasts. (After Sparks & Wright 1979

the same explosive rhvolitic eruption of this Lee-
landic voleane discussed previously in Section 6.4,
The erupuon produced a number of disuncnve
pyroclastic lavers, and two of these (C and D 1 Fig.
6.33b) pass o welded rocks near Oskjuvam

caldera {Fg. 6447, The most important welded tuff

grades laterally into laver C, (Figs 6 44 & 453, This
welded tuff has a masimum thickness of 4 m and

covers a minimum area of 1.6 k™. The welded ol

maniles tepography and can be found on slopes as
steep as 307 Tt s siratified. and there are marked
flucruations i the compaction profife. Welded air-
fall tuffs are deposited in layers, and can show

vertical variations in grainsize. sorting. components
and. more importanily. accumulation rate. This
can result in more-irregular compaction profiles
than with ignimbrites.

The Green Tuff of Pantelleria is the best-exposed
and most speetacular and has been shown o have
been of plinian proportions (Wolfl & Wright 19821,
and 1 1ts eriginal distribution it muest have mantled
the entire island (85 k7 with over 3 m of densely
welded wiff, The rulf drapes the former sopography
(Figs 646 & 47: but 1s ponded in depressions due
to rheomorphism. which iz the posi-depositional
secondary flowage of welded wff (|Ch. &1, Ths
overall geometry resembles that of pyroclasiic
surges or low aspect ratio ignimbrites (Ch. 81
However. there is no correlation berween the
degree of welding and the thickness. as might be
expecied were the thickness variavion a primary
flow feature.

Other welded wffs on Panwellerias adhere 1o
stopes steeper than 307 A good example of a
welded air-fall tufl'm Figure 6.47d shows aliernating
lavers of denselv welded wff and well soried
pumice. which are thought 1w reflect changes in
accumulation rate during the eruption (J. V. Wright
P9S80,

6.10.2 CONDITIONS OF FORMATION

The critcal problem posed by welded air-fali 1uffs
s 1o detertnine under what conditions airborne
ejecta can remain sufficiently hot during flight 10
weld and compact after deposition. The  basic
controls are high discharge and accumulation rates.
Freld evidence suggests that accumulation rate is
the crincal factor. Both the Thera and Askja welded
tuffs are thickest and most densely welded near the
vent, where the sccumulation rate was gremest ref
welded 1gnimbrites which are again most denselv
welded where they are thickest. but where thev are
ponded in a depression this could be a long distance
from the vent),

Accumulation rate has two main effects. First,
rapid accumulation prevents radisiive and con-
vective cooling of deposited fragments. On burial.
fragments are insulated. so thev cool by conducton
alone, which 1s a slow process because of the high
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Figure 6.41 The Thera welded tuf, Santorini, Greece. {a) &* Thera Harbour with well developed ints
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U ibetwesn arrows) which is

e} Non-weided pumice fa

Figure 642 Compaction and iithoiogical profile through the
Thera welded il Santaring, Gres where s thickest
The mersmum stram ratc assum 3l eflipsoidal pumice
clasts landed with ther fong axes parallel w bedding. (After
Sparks & Wrght 19749 s this paper lor method of
MEGESUING Stram ratic.)
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Figure 6.43 Md, o, plor of the nonswelded part of 1
Thera welded it for examples of gransize histograr
g, 635 On the basis of gramsie (Ch 12) ths w
deposit and the other examples d sedd herain would b
classified as ‘welded agglomerars w wedded lapill: tufts
For brevity m nomenclature, w e used Twalded wif as
a genedal term 1o cover tham sl iAfter Sparks & Wriight
HTE

{a) {b)

rapid accumulation leads o lower heat losses by
radiation, as a consequence of increasing concenira-
tions of fragments per unit volume of air in the
falling ejecta. At high tlemperature, an incandescent
clast loses much of 118 heat by radiation, This loss i
reduced if each particle 1$ surrounded by other ho
particles radiating heat in a dense cloud. as cach
particle absorbs radiared heat from s neighbours.
The Askin 1875 eruption is suflicienthy well docu-
mented 1o allow an estimate of the accumularion
rates which produced the welded taff (Sparks &
Wright 1979 For the denselv welded zone this was
caleulated us 20 em min™', and at the boundary
berween incipiently welded and non-welded zones
it was between 2 and 4 em min '

Both the Thera and Askja weided air-fall tuf¥s are
also mixed pumice deposits (Sparks & Wright

Figure 6.44 (a) Location of the
welded tut norzons from the
TEHTE Asky;
Isapach map of the lay g
633 welded w2} Schamasu
rofth-aouth: profils through lave:
showing rel
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g dispersal axis of 1875 tephro
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— =50~ thitkness

sreerer cofour change
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RN cotour change (white befow to orange chbove)
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o 0 by B
fid) Wedded airfall tuH st
Goovermn by s vounget welded tof

19795 Superheating of the silicic component may
have been an addivonal factor promoning welding,
However, the mmportance of this s difficuit 1o
judge. because many pumice [all deposits show
evidence of magma-mixing but are not welded,

Wolfl and Wright (1981, 19821 suggested tha
compositional factors have favoured the formation
of widespread and rheomorphic welded air-falf tuffs
on Pantetlorsa. Due 1o the low viscosiiv of pantel-
ferstic epecta, dense welding can ocour a1 maderate
accumulaton rates. and Wolfl and Woright (1982
dicated a rate of the order of T om mon ™' for the
Green il
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6103 THERMAL FACIES MODEL

111 now possible 1o suggest a thermal facies model
for pvroclastic fall deposits. This scheme i shown
mn Table $.6. The lareral changes mdicaed also
vccur vertically, most of the welded exampies that
we have described display g range of these {acies in
the vertical secuon. Whai 1s evident irom this type
of amalvais i the overlap berween  pyroclasic
processes  and  some  lava-lorming  processes,
However, considerable uncertaimy must be ar-
tached o the nterpretation ol clastogenic Java
facies. Although this s a common facies found in
the products of basabric eruptions. i1y unfikely 10
e found an those of more

sHcie magrnas. A
rhvoliue agglutnate s known 1o us ar Panum
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Crater. Mono Craters. bur more generaliv these
features in high-silica rocks are only going 1o he
found in the fluidal ejecta derived from peralkaline
magmas. Pantellenze clastogenic lavas mav oceur
on Mavor Island. New Zealand ‘B Houghton pers.
ORI L

The rheomorphic facies again seems rare among
sthicic air-fall deposits. At present 1nhas onlv been
described from Pantelleria ] V. Wright 1980,
Woltt & Wright 1981, 19825 but other pantellerni
welded atr-fall wiffs on Mavor Isiand and Suswa
fTable 6.5y show secondary  flowage. Rheo-
morphism has also been noted 1w an andesitic
welded air-fall wiff on Ruapehu volcano. New
Zealand (Fig. 6.3% & Table 6.3: and in some

Table 6.6
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fcetandic rhvohtic welded ar-fall wifls (M. Sigurd-
sson & O, Smarason pers. commsi. These include
the Asign welded air-fall mff, which shows some
incipient rheomorphic structures.

Basaltic pyroclasiic fail-forming eruptions often
seem fo produce deposits showing a complete range
of thermal facies. In comtrast, pumice fall deposits
are generallv non-welded. with no welded facies
present. However. if non-welded thev mav sill
show some thermal effects. Grev, biack or hrown
zones of thermal darkening mav occur. and care
should therefore be taken when interpreting dark-
coloured pumice because this mayv nor necessarily
mdicate & more basic composition,

il deposits

5 model for pyeraclastio
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6.11 Further reading

G P. L. Walker (1973b) is essential reading, and

forms the basis for much of our treatment 0
pyroclastic fall deposits. Also highly recommended
is the review by G. P L. Walker (1981b) of plintan
{all deposits. The series of papers enntled “Lx-
plostve volcanic eruptions -V (. P. L. Walker o
gl 1971, 1, Wilson 1972, 1976, L. Wilson e al.

1980, Sparks & L. Wilson 1982} provides a sound
physical basis for understanding pyroclasuic fall-
producing cruptions. L. Wilson and Head (1981518
again recommended for & quantitative analvsis of
basatiic explosive mechanisms. Further physica
wreatment of pvroclastic falls s found 1n Allen
719%25. while Fisher and Schmincke (19847 also
discuss processes and the characteristies of the
depostis.




