CHAPTER EIGHT

Ignmimbrites and ienimbrite-
Jorming eruptions

Initial statement

fgnmmbrites are the most voluminous of volcanic
products. Some are the largest Usingle eruptive uniss
known. covering thousands of square lqhmlcnc
and having volumes of more than 1000 km? .
Although man has never witnessed an erupiion
giving rise 1o such large volume units. they must be
the most cataclvsmic of ail geological phenomena.
tven small-volume. historic igliiﬂ”lbl.‘il(.“ﬂ)l’iﬂiﬂ@
eruplions are awesome: e.g. the 1470 BO eruption
of Santorini, which has hun imi\Ld with the rapid
dechne of the Bronze Age Minoan civilisation
ventre on Cretes the AD 79 eruption of Vesuvius. in
which the towns of Pompeii and Herculaneum were
destroved; the eruption of Krakatau in 1883 which
Ser i mMolon tsunamis killing more than 30 000
people on neighbouring islands; Tambora. which

in 1815 caused the dembs of more than 90 (G
people etther directlv, or as 2 result of tsunamis and
an ensuing lamine: Mt St Helens in 1980: and El
Chichdn i Mexice 1 1982, ufier which 2000
people were missing.

This chapter examines in detail the geology of
ignmimbrites: definition, occurrence. volume. types
of vent from which erupred, CIUPUON Sequence. 4
depositional facies model for igmmbrite-forming
eruptions and welding. We also highlight the AD
186 Taupo erupiion. because recent studies ol s
deposits have greatly affecied current thinking on
lgnimbrite-forming  evens. Transporation  and
depositional mechanisms are  discussed in the
previous chapier.
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2.1 Enigma of ignimbrites Table 81 Pulb volums

o wormE

Jolurne ey

Tonimbrites pose many probiems but. as recently
stated by G P E Woalker, unraveling thew origin

has heen one of ihie oulstanding snocoss sjories o
modern volcanology . Thev varv widelvin Hithology.
and Tew products of volcanism have been mesmier
prewed for so long. Thes vary from incoherent ash

deposits texturally amitar o mud Hows o frand.

FANEN denselv welded uffs which may be ditheult o
E H Lli distineuish from fava Hows, Indeed. welded anim-
Poro brites were senerallv regarded as lava flows until
.}g %ﬁ’ t the mud-1930s0 and even i;%im‘_, They vary from rock
op composed abmost entirely of sub-millimewe pare-
;E P Qi feies 1o that in which the largest clasts may tw over a
Worr g metre in diameter. Many ignimbrites are completeh
;: f‘ ':t non-welded. bur the importance of these was
_ " probabiv not recogmised untl the late-1964s and
TiE vy earbv- 1970
b '{i L. ILowill be apparent o the reader who has

rescarched the volcanological Hrerature that the
term Cwnmgmbrite has been used inomany differen
wave, Marshall 11935 Airstmtroduced the werm into
the geolomeal Teraiure. (‘nmias‘zcm« p'iat‘lk yvoatribu-
ahle 10 the imprecision of Marshall's u{nmmn\
has artsen and sull exists because “ignimbrie is

sometimes used g lithelogeal sense o mean

welded 1ufl, and someunes i a geneuo sense 1o :fjmw:i,.l o o
mean the rock or deposit formed from pyroclasue r ‘ 0
flows, Very often the term is used in both senses. or
it s used in wavs that are never clearky defined
However. it illogical 1o use w ag a lithological *

rerm solely for welded rocks, since igmmbinites
cenerally alse have non-welded zones. The occur-
rence of welding has occastonaliv been cited as
sufficient evidence of a pyroclasae flow ongin
However, even many large ienimbrites are enurely
non- \uidL d. e.p. the Los Chocovos ash-flow ulkﬁ' 3 ~ arpantan armbrite
Guatemala (Table 8.1 Also. welded ai-fall 1uil Niiraan wrenbrinet a6
are hclac*\'ed 1o he @ common voleanic rock 1Cho 61

arigpved froms

Welding cannet therefore he considered w0 be »

fundamenial characterisiic of ignimbries,
Following Sparks o ol (1973 “ipnimbrie 5

defined here as: the rock or deposi formed from

pumiceous pyroclasiic tlows irrespeciive of the

degree of welding or volume. “Pumice-fiow deposit’ et post

15 an equivalent term (Ch. 5




00

40
10040

B0

1%
14

10

Deposn welurme (ki

astic How deposit o
i tyff

Dwe

hidake 1

pamiee-flow
: parmree-Flo;

Teravada pye

Towada pyrockashie fowe depd

INOGnesia

Tobs Tuft 20006
Bali gmmbrie 20
Tambora 1870 25
Krakatal 18837 12

MNew Jegland
; vigrimbnte PO

ATy ignmorite 150
Matahing gnimbrte 100
Taupe wgnimbrite 30

N

:are many problems with such 2 survey of the
yure. Fiust dats irom whch nmates have beer:
made vary from detaled maps and volcanologcal studies
pniphy gross esumates. Secondhy, a2 osigreficant or
maor part of some grimpries 15 welded tuff but the
propartcn of welded 16 non-welded ¢
rot given: therelors, no allowance 18
tion aithough this is ar mmportant |
size compansons. Thirdly, published studies have tended
e describe the farger. more spe Adar wgnimbrites.
Note also that the volume lost into & co-grnumbrite ash
fall depost s nol ncluded in these estimates
Major part deposited in sea a3 subacueous
tow' deposis and ash turtndies (Ch 9)

DYTOCHSTC

Based on the supposed dominance of ash-sized
particies n pyrociaste flows, R, L, Smith (1960a,
biand Ross and Smith (1961 introduced the term
‘ash-flow ruff”. which is extensivelv used throughour
the Amerwcan bierature. However. as the modal
gramnsize in many pumice-fiow deposis 15 in the
lapillt or bemb size range. such deposits would
therefore not strictly come under the definition of
ash-flow wdl. For this reason the “¥English school’
has teaded 1o retamn the twerm jgnimbrite’. Tt s
unhkely thar either term will be dropped from the
Hierature.
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Also., “rude ardonie’ has sometimes been used for
Tgnimbrite’, as well as for other tvpes of pyrociastic
flows (Chs 3 & 123 I{ used. ‘nuéde ardente’ should
be restricted o those small-volume block and ash

roduced by the collapse

Ogueen sioan ae el

arowmg lava flow or dome. as originallv described
by La Crom from the 1902 eruprion of Mt Pelée (La
Crotx 1904:. Nowadavs we tend 1w avoid the term.
not only because 1t has become ambiguous. but also
because there are other more-specific terms. and
most of the glowing cloud” forms ash-cloud surge
aned ash fall deposiis,

8.2 Occurrence, composition and size

lgmimbrites are common volcanic products. being
found in all voleane-tectonic  sertings:  oceanic
istands {e.z. Iceland. Azores and Canary Islands),
island arcs (Lesser Antilles), microcontinental arcs
iNew Zealand;. contnental margin arcs (Andes!
and continental intertors {Western USAY, Rhyolite,
dacie and andesite are the most common compo-
sittons, Many of the most voluminous ignimbrites
are rhvolites, some of which are compositionally
zoned, indicating 1n some cases the apping of large
zoned magma chambers (R, L. Smith 1979
Tgnimbrites can have alkaline composiuons. e.g. in
the Azores, Tenerife. Philippines and Dalv (Ch.
£3: Pantellerivic ignimbrites have been recorded
from a number of areas. e.g. the East African Rift.
Gran Canaria and the Western USA. Ignimbrites
have been recognised in geological formations of all
ages,

In size, wgmimbrites range over at least five orders
of magnitude of volume. The Jargest are restricted
in their occurrence 10 conunental marging and
Interiors, and large islands, They tvpically resuls
from eruptions of silicic calc-alkaline magmas. and
tend to form extensive sheets or shields (Ch. 1371
The smallest are found in all sertings and are a
common product of stratovolcanoes. aithough not
restricted 10 this tvpe of centre (Ch. 133 These tend
to form vallev i deposits. and their dissribution
mayv be locatised and their stratigraphy very com-
plex. Figures 8§.1-8.7 illustrate the distributions of
some selected ignimbrites. Note the differences in
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{a) Nelson Mountain Tuff (26.5 Ma)

5L Son Lws Coiders

(¢} Fish Canyon Tuff {27.8 Ma)

(b} Carpenter Ridge Tuff (27.2 Mal

8 Racnelor Caolderc

id} Sapinero Mesa Tuff (28.1 Maj

LG Lo Garite Coldere

Figure 8.1 Examples

Cotorado. For the mos

scates between maps: there 15 a 24-fold difference
hetween maps showing examples from the San Juan
volcanic field in Coloradoe and the Mr 5t Helens
1980 deposii.

Table 8.1 lists the estmated volumes of a
number of ignimbrites. Most of the Targest ignim-

1oang 5d

Uncompahgre —5an Juoh caidera compler

brites deseribed are those assocmied witdy darge
calderas in the Wesiern USAL and inomany cases
are. [or the most part. densetv welded tuff. The
workd's biggest s the Fish Canvon Tull i the Nar
Juan voleanic field (Fig. 8.1cy which s thought 1o
Fave 5 mimimum volume of 3000 km ™ Av enormous
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part of these large deposits occurs as thick intra-
caldera 1gnimbrite. while smaller volumes are
found as outflow sheets. Luwer updoming of the
intracaldera pile mav form o resurgent dome (Fig.
.20 Ch 1

In Table 8.2 the maximum distance travelled
from the source vent is given for o number of
snimbrites. The daia demonsiraie the abvilire ol
pumice flows 1o travel large distances. oflen over
gentiv sloping ground and someiimes over 1ope-
graphic barrers talso see Flos 720 17,18 & 200
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8.3 Eruption sequence and column
collapse

Most studies of the stratigraphic relations within
1lgnimbrites and interpretive analvsis of their erup-
tons have beer made on small- w mediuvm-volume
(<1 a lew hundred cubic kilometresi deposits,
These often indicate 2 common sequence of activity
(Sparks ef af, 1973; Plare 5

fa; plinan phase producing a pumice-fall deposit
iCh. 61

b pyrochastc flow-phase producing ignimbrite
and pyrociastic surges and

tcr effusive-phase producing lava (Ch. 4.

This sequence 1s thought 1o represent the wpping
of deeper and less gas-rich levels of the magma
chamber. A consequence 1s that a plinian eruption
will be driven towards an ignimbrite-forming one
as 1ts column overloads and collapses 10 generate
peroclastic flows Fig, 8.8, Theoretical modelling

ERUPTION SEQUENCE AND COLUMN COLLAPSE  22¢

ras shown that the change from plinian o gnim-
brite-formeng activity varies with vent radius. aas
velocity and H. O conrent /L. Wilson 1976, Sparks
& L. Wilson 1976, 1. Wilson o1 af. 1975, 1980 Ch.
61 Collapse occurs at o criveal level of agina
WATET COntent. @iven a constant vem radivs and
muzzie velocitv. Widening or flaring of the vem
dunng the eruption will also drive the column
towards collapse conditions, The fountain height of
the collapsing column as a funcuon of gas content
and vent radius s shown in Figure $.9. Scenarios of
three model ignimbrite-formmg eruptions iFig.
510y show the variations in column height and gas
velociiv thar wake place as the conduit is eroded and
gas content decreases during the course of an

eruption. In the first case 1Fig. §. 1021, vent radius

changes while exsolved water conteni remains
constant at 345 wi%. The eruption column height
grows steadily undl sudden collapse oceurs and 2
low ignimbrite-lorming  fountwin is esiablished.
Erupoon veloctty in the ven slowlvy  increases
througheut the eruption. In the second case. vent
radius increases and exsolved gas content decreases.
Variaion i height of the eruption column is
smilar 1o that found in the firsi case, though
fountain height decreases afier the collapse event.
Eruption velocity decreases throughoun the erup-
uon. due 1o the falling gas content. In the third
case. vent radius remains fixed and gas content
decreases during the erupnion. There is & much
smaller variation in plinian column height than in
the first two cases. Again, fountain herght gradually
decreases afler the collapse event.

In Figure 8.11a. combinations of the conmtrolling
parameters are plotied and helds of convecung
plinien and collapsing columns are shown. From a
knowledge of the siratigraphy of a deposit. and by
estimating values of the controlling paramelers., it is
now possible 1o track the progress and changes in
energetics of an eruption 1o & firsi-order approxi-
mation. Three examples are shown in Figures
5. 11b. ¢ and d. Eruptons which terminate before
column collapse conditions are reached will only
produce plinian fall deposits Fig. §.11b: Ch. 63,
5. N. Williams and Sell (1983 suggesied that the
Santd Mariz 1902 eruption resulied from release of
volatile-rich magma at the top of a volatile siratified
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magma chamber. As the eruption proceeded, less
volatile-rich magma was encountered and struciural
mstabiines caused collapse of the conduin walls.
abruptly shutung off the moagmy supply. The
rEmMNIng magma was unable to generare suificient
voltatite pressure 10 clear the condwir. and the
phnian phase ended: 1 was 20 vears later when
volatie-poor magma reached the surface as 2 lava,
The Minoan phnan column was mamiained unnl
collapse condinons developed (Fig. 8.1 ci although
a phase of phreatomagmatic acuvity between the
plinian and pyroclastic How-forming pheses may
have complicated the transition berween the two.
As the Lower Bandelier plinian column neared rhe
pont of collapse (g, 8 1d sligh lacrearions in
gas velooiy and mass discharge rate caused insta-

ok pas upper part of purnce
S fall B->dm over whole
e © ares of Guddelnjara

pyrociestic surge deposits
and gnimbrile interbedded
upper part of B——

TEWOTKed DUMICE — s
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Figure 812  Gensratised stratigraphic
COmMpiex eruplon segue
Mexice, and co-eruptive plinan falis

B.Ch &) Atter 3V Wioght

wing the
rribrite,
ated La Fronavorns

GF e Hip

biliies m the column and smali-volume mtraphinmn
flow unis 1o form (Fig 6,130 Catastrophic
column collapse ensued. Instabilities in eruption
columns nearing collapse conditions would accoun:
for the straufication found a1 the tops of many
plintan deposis 7Ch. 61,

daome deposits show much more comples erup-
tion sequences than indicated above  and lgnimbrire
frow unis are miersiratified with phntan fall units,
e the R Caliente ignimbrite Mexico (Fig, §.12
and the Rosean Tull. Dominica :Ch. 9. The Rie
Caliente can also be described us an intrapiinian
ignimbrite bucause it 1s sandwiched bevween vwao co-
cruptive plinian fali deposits. Mechanisms w0 pro-
duce such complex sequences and changes in stvle
of activity include @ large increase in gas content,
increasing proportions of low molecular weighs
volatiles. and sudden closure of the vent by fauliing
and s relocanon, Choking of the ven: by wall
collapse may  alse  produce  aliernarions  (rom
nimbrite-forming o plinian acuvive, especially if
column  conditions are close w0 the boundary
between convection and collapse (Ch. 65 Very
complicated eruption sequences can also be prod-
uced i water 1s involved and collapse of phreato-
plmian eruption columns takes place (Sheridan o
al. 1981, Self 1982 Fig. 6 3321

It must be siressed that not all jgnimbriie-
forming eruptions have an earbier plinian phase.
e.g. the Cerro Galan ignimbrie /P W Francis o
al. V9E3: Fig. 825 This suggests that this verv
large dgnmmbrite formed by a rather different
eruplion mechanism than has been proposed for the
well desceribed small- 1o medium-volume deposiis,
The mammoth Fish Canvon Tull. on the other
hand, 15 underlan by a pre-ignimbrite pumice [all
deposit and a thick sequence of pyroclastic surge
deposits. The implications in terms of tvpe of vent
for the very large ignimbrite eruptions is discussed
in the next secton.

Observanions st Mt St Helens have shown thas
even durmg small eruptions a gh eruprion column
1onot an essential prerequisite for generating o
pumice How (Ch, 30 Fig. 5170 In such cases the
venung eruptive mixiure mav be so dense that a
well defined, mainzined eruption column does not
form bui. instead. a low mamiained pvrociastic
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8.4 Source vents

Seversl types of source vents for ignimbrites have
been proposed. The most voluminous Enimbriies
have generally been associated with either linear
fissure eruptions Valley of Ten Thousand Smobes
tpe of Ho Williams & MceBirnev 19791 or contin-
wous ring fissure eruptions (Valles oper. All oh-
served 1gnimbrite-forming eruptions have issued
[rom what seem  be essenually POLNT $OUTCEsS. or
central vents. Studies over the past ten NEars on a
number of smaller- and medium-volume gnim-
brites have suggesied that these ignimbrites are
cemmonly erupted from ceniral vents.

Ignimbrites are often associated with calderas. s
fact which has been recognised for a long time, and
was very well documented in the classic paper of H.
Williams (19417 Manv cases are known where
single igmmbrite forming eruptions seem 10 have
resulted in the creation of large calderas o, g. the
Aire caldera in Japan: (Fig. 8.3 Crater Lake.
Oregon “Figs .16, 13.25 & 261 and S;mlorini
caldera (Figs 8.4, 1330 & 3130, For ey ample.,
the San Juan volcanic field the ignimbrite 10 LdIdLI’J
rauc s low, suggesting that many eruptions are
moenogenetic outpourings with  each forming 3
caldera. Figure 813 shows that there is a crude
refavionship between calders dimensions and the
size of the associated ignimbrite. The largest
calders shown is La Garitz, which is the source of
the Fish Canvon Tuff Fig. B.1ci The size of
calderss is often assumed 1o approximate the
dimensions of magma chambers ai depth. In the
case of the San Juan voleanic field each lgmmbrire
is believed to chronicle the emplacement of syecces-
sve segments or stocks of an underlving batholith

iSteven & Lipman 19767,

Caldera collapse takes place when the lthostatic
pressure on the roof of the magma chamber exceeds
the chamber pressure by the compressive sirengrh
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Figure 8.13 FHeistionshp betwesn size of IgrirsdnTe and
associated caldera

of the overlving rock. Whether or nor caldera
collapse oceurs during or after an eruption will he
an mmportant control on the 1vpe of ven:.

B4 LINEAR FISSURE VENTS

The fissure hypothesis originared from the nbscrv
vanon of lines of fumaroles in the \ Vallev of Ten
Thousand Smokes igmmbrite after the 1‘)} ! erup-
ton at Katmai i Alaska (Fig. 8.5 This led € N
Fenner (1920; 1w conclude tha: the ignimbrite
erupted from linear fissures in the Hoor of the v alley,
However. more recently. from the closure of COn-
teurs on isopach maps of pyroclastc fall deposits
produced in the same eruption. Curlis 1965,
located the central veni of No arupta as the source.
The fumarole fines are now thought to be reflections
of basement favlts along which ground waters
moved.

Since Fenner's observations ar Kavmal. he
mmportance of fissure eruptions for the formation ui"
wgnimbrites has been assumed bv u number of
workers. and has been regarded as the WHY 10
account for the more voluminous deposis. Van
Bemmelen 119615 considered that ignimbrites were
erupted from major fissures in a sumilar manner 1o
flood basalts. Korringa 11973 documeried a linear
vent svstem for the source of the Soidier Meadow
Tufl in Nevada. and this is often guoted as an
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eruptions which begin along fissures. localisation o
a number of pomnts seems 1o have occurred (Chs 4
& 6

B2 INGFISSUREVENTS

Ty L AKE
L” ROTORAWAL v . . .
[n another popular model wnimbrites are thoughs

1o be erupred along & conunuous ving flssure.
around which caldera collapse may bave been
occurring durmg the eruption (B L Smuh &

A F mi /*“-\l . - . g . - .
BOF g e Parewnait i Railey 19681 The ring fissure model has been
¥ E ! " a5 - p : j : :
f ;o 2 Gome o LS popular in the USA because st explams the radial
l”“ . RO Py el B B . . . .
(A S Mokt ;}( distribution of thin ourflow sheets associaied with
g o T SRR very much thicker wntracaldera igmmbrives. which
¥ b ol A H;”’_O are thought o have sccumulaied by ponding o
’E! el ) pumice fows erupied around rhe ring fissure
BOE g . o .
. o o bounding a conimually subsiding  calders floor
g block kg, 515 However, there have heen very
?{ £ venrs  pyroctasnc aprons with tel\y xuuiw:_s thit i}a\rc quantnmwiy ﬁnmpcd the
NS L Hiovos i pumice flow geposits different facies of larger volume grmambrites
o Id " e o . . . . y
r e calders margy locate the source vent, as has been done for manv
3 hoaure veni svelem of the Mamasi Rt e -
, Figure 8.14 | st hissure ven ‘“"'“‘TT i F:..(_. 'u e smaller-volume ignimbrites.
LA sruption, Ckata il {ATter Narn PP - . - .
o At Ceryo Galan, eruption from around the ring
W g fissure was perhaps the immportant mechamsm
. }!i oy 1
iif o throughout. The absence of & pre-ignimbrite plintan
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exampie. However, Greene and Plouli (1981 have
suggested that this is refated 10 part of the margin of
# larger caldera. In many other descrbed examples
field evidence for hnear Bssure vems s meagre or
controversial.

Convincing examples are described by Nairn
(1981 from the Okatum rivolitic centre. New
Zealand (Ch. 650 AN of the post caldera-formmg
crupnons (<220 000 vears BI" are thought to have
occurred along fissures from multiple vents i
simultancous or sequental actvity. These produced
phintan depostts which are mterbedded near source
with pumice How amd surge deposits and associated
favas. Jornmng thick mulople-bedded  deposits,
These are exemplihed by the Mamaks erupnon
{TA00 vears B during which aticast five magmatic
venls and one phreatic vent were active. these bemng
spread along 1 kan of an uaderbving fissure (g,
N 14 No mapor ume breaks herween the vanous
deposits aze apparent. and O ages available {or

o pyroctastic deposits erupied from separaie
vents are not significantly dilferent. As i basalig

deposie coudd suggest that the radms ol the vent
widened almost mstantanecushy. This would make
3 convectng column unstable. because of the very
hgh eruption rate (Tag. 8.0 PN Franas o af.
19830 mdicated that very large eruprion rates
would be produced by sinlung of the caldera floor
block 1o the magma chamber along curward
dipping ring {ractures. Inward-dipping ring f{rac-
ruares. as generallv suggesied m previous madels of
ring fissure eruptions (Figo 80050 would inhibi
very high eruption rates. The present thickness of

J‘l, thick imirgcatders

grhumbeite ponded
riag contingous
sbsidence of
coiderc iloor
hlock

outfiow !

shee!

Figure 8.15  The nopuiss ning fssure moded o0 the orpion

of wgrarmpriies
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Figure 8.16 (a1 Stratigraphic relations and vent type or the
products of the 6845 vears BP Crater Lake wrimbrite-
forming eruption. Oregon. Nots atso the last erupted pumice
flows were mahic andesites 0 contrast to the aarher
thyvodaciies. and  spectacular compositional ronatiorn 15
shown 8] Single vent phase of the aruption; 1 indicales
vert for phnian erupton and 2 the enfargen ver durning
eruption of the pumice flows that deposited the Winegiass
welded Wi Arrows show direction of movermren: o mice
fiows, which were confined to opographic low areas
Mourt Mazama s the name given o the pre-coflapse
stratovelcans. () Ring vert phase during which pumice
flows surmounted most topograptse barriers. The fIng
fissure 13 showr mboard of the presant topographis rim
wiich would indicate  scarpretrear by fandslicing  and
slumping of the calders wall during o after caldera-c Napse.
Fleld evidence demonstrates the Claetwnod iava How st
have been ergpted st before the igrarmbrte-forming
sruphion, and after calderscoliapse backflow down the
calders wall occurred. (Afer Bacon 1983

mtracaldera ignimbrite exposed by the resurgent
dome 15 1200 m Fig. §.25, and there s 5o doubt
that caldera collapse must have been concurrent
with eruption.

Dietailed field studies of the smaller Crater Lake
pumice flow deposit have confirmed tha eruption
from around the ring fracture must have occurred
while caldera collapse was taking place (Bacon
19835 The eruption sequence can be divided o

SOURCE VENTS  23%

two stages: single vent and ring fissure vent phases.
The iniual plinian phase was erupted from a single
vent, Collapse of this column generated a serics of
pumice flows deposited to the north and east of M1
Marama (Frz. 8.160, Approximately 30 kim® of
magma was cxpelled belore collapse of the roof of
the magma chamber occurred. and the inceprion of
caldera formation ended the single veni phase.
Later pumice flows are believed 1o have erupied
from muluple vents around the ring fracture as
caldera collapse conunued. Composition of lithic
clasts within - proximal  co-ignimbrite  breccias
{Section 857 varies around the rim and certain
types can be correlated 1o probable vent locations,
Dunng the ring vent phase another 20 km of
magms mav have been erupied. Druitt and Sparks
(19851 and Druitt (19455 have also proposed such a
two-stage maodel for caldera-related ignimbrite-
torniing eruptions. based on sfudies on Sanioring.
One neteworthy studv of an ancient ring fissure
vent svstem s that by Almond (1971 of the Lare-
Precambrian-Cambrian Sabaloka cauidron. Sudan.
Almond has described welded wnimbrite dvkes
which he believes fed their eruption around a ring

Ciracture.

843 VENTSYSTEM FOR THE FISH
CANYONTUFF

The eruption sequence of the Fish Canvon Tuff
may suggest an alternative tvpe of vent svstem for
the largest ignimbrites (Sell & Wright 19833,
Where studied. the outfiow sheer is underlain by a
thin pre-ignimbrite plinian Javer. and 4 relatvely
thick sequence of pyroclastic beds bounded ar the
top by a surface having an unusually large wave-
like form ‘Fig. 8171 These megawaves ndicaie
that there mav have been an enormouvs. sudden
release of energy accompanving the eruption. The
explanation suggested is that the thin crusi over o
high-level magmsa  chember collapsed  inwards.
etfectively opening the magma chamber o the
surface and iriggering an enormous release of
energv, which was translated inwo lateral blasts or
surges. Fathure of the roof seems o have occurred
svon afier the begmning of the eruption. perhaps
because the upper part of the magma chamber had
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than simply around & ring {fracture. {115 possible io

Plnigr Pamce tail o . C % - " - . awi e
envisage these bemng aligned on 4 complexiv organ-

mudstens teect tensional racture svstern and. i sense. Boese

>

would be of the hnear fssure 1vpe, As the STUPHIOT

arvor Tuft ai o location continued. more-localised  venw mav have  de-
s ol La Ganla caldera (fg £ 18 (ATer veloped.

With eradual subsidence of crusiad hlocks into

the magms chamber o thick o1 kans iracakdera

wnimbrite accumulated, The outflow sepambriic
oot 200300 mthick s = composed of 4 number of
Aowe units, which are similar smaller volume
wnimbrite flow units o therr characierisiies. The

beers quicldy drained by high snensity. nitial
pliman phase. Figare §18 shows schematically the

sequence of cvents. Alter the surge blasis. the
evuption connnued Lo generaie ienimbrite-lorming
pumice flows. As a result of e connpued evadu faer that these were able to ravel up o 100 kim from

ation of magma. falure of the crust over the whole
of the present La Ganta calders area may have
occurred. Manv vents could have epened around
foundering crustal blocks over a farge arce. vather

sotrres stuggests they soqured much of thelr ket
cnerey by collapse of @ vertical eruption colurmn.
probably at least 10 km high. The miracalders
Qows cvery densely welded and devitrifed: could be
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could be

more complex m thelr origin. being composed not
only of fows formed by column collapse. but also
perhaps generated by frothing over of mawerial ar
vent without column collapse. Such flows would

nor he o

sl taowyy

o 1o i
SVEh VeV qdar. aig

greatly expended or : vodar d
would buthd up a thick. high aspect ratio igmmbrite
Section 8.7 within the caldera. Losses of vitric ash
should therefore also be minimal. The intracaldera
Fish Canvon Tuffl like manv other intracalders
winimbrites. i very orvstal-rich. b examination of
therr juvenile clasts often seems 1o show that this is
# property of the magma, not exireme [ractionation
v ow processes (Cho 111

S4 CENTRALVENTS

A number of Quaternary ignimbrites have been
refated o central vems by several methods. in-
cluding mapping therr distribution. mapping the
distribution of co-eruptive pumice {all deposits and
identifving proximal facies (Section 8.5, These
include ignimbrites with associated caldera form-
avon. For example. the Rio Caliente ignimbrite
Pz 831 nov onlv contains & chaotic near-veni
facies with co-ignimbrite breccias which can be
used fo locate a central venr. but also a thicker
intracaldera ignimbrite which is parily due 1o
caldera collapse during the eruption. The Minoan
eruption sequence has been interpreted in terms of
a central vemt which progressively widened during
the erupton (Frg. 8110 I this s correcr. then
caldera  collapse.  forming  Santorini’s  present
caldera. had o happen near the end of or after the
Mimnoan eruption. Similarlv. ar Krakatau. calders
collapse seems 1o have taken place very laie m the
cruption (Sell & Rampino 19811 The ulraplinian-
and ignimbrire-forning Taupe AD 186 Cruption
has been related 10 a central vent. Sudden collapse
of the vent area is thought 1o have greatly widened
the vent. and 1o have iriggered the eruption of the
violent Taupo ignimbrite. perhaps m a manner
somewhat similar 1w that suggested for the Fish
Canvon Tuff. but on a smaller scale and much later
in the eruption. Seme central vern eruptions have
apparently  been unrelated 10 anv pre-exisiing
volcano. Just as Paricutin was ‘horn i a cornfield”
in 1943, so the Acstian ignimbrite was erupted

b
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from & ‘hole in the ground” ven Jdocated by ihe
near-vent oceurrence of 2 co-ignimbrite brecels and
fava domej on flat ground (7, W Wright & Walker
1977 see below:,

From the foregomy discussion 11 will be apparent
that the vent tvpe and eruption mechanisms lor the
largest wnimbrites remain unresolved. Models of
hnear fissure and ring fssure eruptions must be
tested by the analvais of eruption sequences and
fucies, and some of the answers are fikelv 1o he
found by further examination of ancient volcanic
terramns . where the roos of large cenires and
calderas arc exposed. Vent type mav change as an
cruption procecds (e.g. Druitt 19855 Fven if
cruption is nitated along a fissure. or if one or
more fissures develep due to later caldera-collapse,
locabsation to multiple vents or a cenral venr may
be a natural progression. During the innial stages of
a highly explosive eruption the widest part of the
fissure will offer least frictional resistance 10 the
flow of gas and magma. Most-rapid erosion wili
take place at this poim. further accentuating the
flow undl the eruption is confined (o this point.
Note that n the theorerical column-collapse models
Fgs 8.9, 10011 & 6200 a circular vent is assumed.
but the resulis can be applied 10 2 fissure eTuption
by replacing the vent radius with the half-width of
the hssure,

8.5 Co-ignimbrite breccias

Proximal ignimbrite breceias generated in the
cruption column and as part of an ienimbrite are
now known to be common. IV Wright and
Walker 119771 first described a co-ignimbrite lag-
fall deposit (rom the Acarlan ignimbrite Fig, 8,197
This coarse. Inhic-rich deposit was jdentified as
part of the ignimbrite because it showed the same
composivonal zening as the jgpimbrite Frgs 719 &
205, This was the kev to the interpretation. because
1t showed that the breccia accumuiared svnehron-
ousty with the formation of the ignimbrite. together
possibly representing only one flow unir FRS
Wright and Walker (1977, 1981+ envisaged that the
deposit formed at or near the site of continuous
column collapse. and consisted mainly of pyroclasts
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that were foo large and heavy for the column to recoigs and coarse pumiecons gntmbrie cons
support. The term Slag-fall” cpmu way proposed. sipying large Hihis COV & 2 hese deposits
hecause the accumulation of lithies was a residuce can confain largy scpregalion pipes and siuonures
left behind by the pumice Hows — tha s, o lag cnriched n dithics and deplered m fines. which
deposit, The lag deposit was of air-fali tvpe asndicate a bigh degree ol thidisatron in the prosxmmal
shown by the statification. The absence of fine- punuce Hows Ok 7 Gomples erreirbons be-
grained fall unis fash grade <2 mmi and of rween broceias and gmbrite can b found e
discrete bedding planes was thought 1o be ev wlence 820
{or rapid accumulation (rom & conmnuUOns. VIZOTOuE Lecent work shows that there are v gvpes o
eruption column with only miner variatons in presimal wsmmbrine brecoas emplaced How . in
cruption intensity. the first wwpe. segregation of lithics Likes place
Similar breccias have since been recognised as @ through the hodv of the fow. and s s founi
pear-vent facies of several ignimbrites (higs 8,20 & ahove o Pasal daver. This wvpe s the peai-vent
21 However. i is now reahised that there are cauivalers of the brhic conceniraton zome coni:
different tepes. and @ better generad 1erm 1o use for  mwonly observed ot the bottom of dever b
these rocks is simply co-ignimbrite breccia. Mam s brite fow uiste e T Tewards the veni ths
of these examples did por simply accumulae by the repe of hreco should grade E“:;n.i‘: o @ cos
fall of lithics ow of jhe erupies usiim.s srrmbriie Coaf the Acatisrnetype. nowhieh
originallv envisaged for the Acai Jan rrmimbrite. b Hities \'ctéia:d ool e cruption codaimre, T
were emplaced by How processes. Such types of andd Spurks faaieaile proposad th both

i
deposit include clast-supporied hithic brecoms won- these cases of ho ﬁj-: SeoroEnne by shoukd e

taning a small amount of gnimbrie matrs. In wermed co-grmb Pn ot wecond

some cases they may grade into main- supporied pe. e segreEaiion o appears le fun




QWIBY @ sue
syaedds

HIUBIG
5 gl eyl 4o githerg-fie
DISUOS Bunesikl - Galdnie

19 Tuoidnie ey Buunp uonesbig i Buluspia JUusa ajgessy

COT-

I

e

CPOsITS

A Lj

CHUres

=Ty

which

N

|

i

COYONITD
atinns be-

g

.

viind

N

G [_\’i"){‘.\; of
flow. In
ke OO

;
T
Mv,.s

B RD0810 BYRILEMSIURY DU (B

[

pk

S

ound

s {

near-venl
0N COmm-

IWeT

T

1

Ihoa
this

T

t
i

fie ven

RO

L

nio

h

whi

1

H

it

Prrui

i
W

hoth
fd be

it

th

sfyon

the
i

sried

ha

SO0

AL

i




Lok Rosode thas A
- =

@
™
o
o
o
=
n=
ha




A o

EY

..’Oll' v

!ﬁ"ﬁ»

0 srecei '.“‘.‘
LR AL "

_mb¥ g

"

*

mg breccg .
TRt e
‘r‘io.‘ 3.

"

+ -
Cagte

busal qur‘ nrecaig

layer 3 om !

F

Figure 8.21 i sketch
coltiers wal ST
18 BO0 ves eruntion, bi

complex relat

AN

RO
co-ignenhinge L

Laresce

Lonn,

ths

tATrer D

lag breccie
ignirnbrite
posal lgyer
grounsg breccio

+

-
43

&

»

Y
“
o L I -
-8 -6 -4 4 - ]
350 &4 14 4 ! 15 m
Md
(b> 20 L5 ibies
...MJ i
j ; [N igeimibrite maxirix
N 11
o
2\: LSS
QP :
= E
5l
{ . L . L X
-8 -8 -4 -p o 2 4 g
%6 64 PE 4 | 18 i71E mm
Grainsize
Figure 8.22 L Md o, plot for pr
IR
LENTonm TH B0 1y 'E??U[_)I’I()F"y Dodinos

Soconnec taken i?’{)ri‘ =)
sured or tF
il Grains
depcst s bimodat with a mor

L & high propomion of crystals

BAITHE

Gracdations!

{44t

o i Fugure

coy Ths

100 G
oo

CO-IGNIMBRITE BRECCIAS 241

. eruphion
T NRAQ e oy e ; column
B
) i !
!
[COMPrEssIon
' A
2 lag breeoio [
ground brecca vent
Flgure 8.23 Mooel for the prowmal

i
on

flows  ger
e Hoved
o of @
A% IMIBIUre

[umice

of A

3w &
Decompresson of he gas phase
ity causes stiong fiuidis:

1 ihe segregaton of lithies to ¢ C s
schamabically depici the passage
systemi. ATer Drade & Sparks

1 Alow bocky
as the flow moves away
wath tha booy, ane
lag brecos. Open arrows
wnrough the fiow

taken place in the more stronglv fluidised head of
the moving pumice How. This laver then
overtidden by the rest or boady of the flow {with
favers 2a and 2b. This wpe has been termed
ground brecciz. und the best example that hag been
deseribed 15 associated with the Taupo ignimbrite
(Figs 5 20g & hi This is the proximal equivalent of
the ground laver /G. P, L. Walker a1 af. 19810 Ch.
71 Both tvpes of breccia can be found within the
same flow unit. For their formation. Diruite and

Sparks (19825 have suggested the model iliustrated
m Figure 8,23, Druitt (19837 has suggested that the
sudden appearance of lag breccias berween normal
ignimbriies above and below, on Santorini, records
the change from a single pomt source eruption
point to caldera collapse. This leads 1o an increased
discharge rate, erosion of the collapsing roof
materials and eruption of the eroded blocks together
with gnimbriie from mubtiple eruption ponts
along the calders collapse fracture svstem. as
mulnpie, Iocalised deposits of fag breccia. The
succeeding normal ignimbrite records a return 16
single. stable crup!‘ion pOINt.

Other types of breccis mav be generated durmg
crupuen of dgnimbrites and are found closely
associated with them near vent. Lipman (19767 has

15
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deseribed  caldera-collapse breccias within intra-
caldera lenimbrites v the San Juan volcanic held as
meggabreceias including clasts metres o hundreds
of metres in size ie.g. Thompson 1985 These are
thought 1o have formed by tandshides from the walls
of calderas as collapse ool place tsee caption 10
Fig, 8. 16c and Ch, 130 Flash-fiood brecoias are a
proounent feature of the Minoun snimbrite tBond
& Sparks 19762 Frg 715, GO P L Walleer £ 1985,

has comprehensively reviewed the origin of coarse
Hihic brecoias near JEnimbrile source Vents.

%.6 Co-ignimbrite ash falls

In recent vears it has becomne apparent tha large-
volume ignimbrites should have associated with
them large and very widespread air-fall ashes winch
are svnchropous with emplacemens of the gnun-
brite (Ch. 51 lenimbrites commonly show
marked conceniration of [ree crvstals in the MAirs
compared with the jwvenrile magmatic Conient. s
may be anribuied to the large amoeunt of virric dust
that has been lost during eruption and pyrockastic
fow. and is then deposited in an gusoclated co-

ienimbrite ash-fall deposit Sparks & Walker 1977
Che 5 & 11, From corvetal concentration studies
(App. D ignimbntes show average vitrie ash losses
of at least 33% trom the total erupled magma.
Thus. for an ignimbrite heving @ volume of
200 km . there mav be more than another 10U ko’
gccompanying this as widehy dispersed air-tuli ash.
The significance of co-gnimbrite ashes 1 even
greater when the volumes of pluuan deposiis are
considered. Very few plinian deposiis are known 1o
be greater than 235 km® i volume Table 620
Although dispersal s not pecessarihy refuted 1o
volumie, this wr least shows that exiensive. very
widely dispersed volcanic ushes are more kel 1o
he assuciated with the formation of the igmmbriie.
rather than with a preceding phinmn phase or
individual plinian erappons. However. the valea-
nological interpretation of distal sificie atr-tall ash
fayers 18 not casy. Other wpes of eruption will
produce  widely  dispersed ash avers, and the
plinian component can be substantial «Ch. 6.
During the eruption of igaimbrites. two sources
from which fime ash could be carried high as
conveclive plumes are w) above the collapsing
column and thi above the moving nvroctastic How,
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nraasing distance

When pyroclastic flows are penermed by column
collapse a convecnve column rises above the vent.
producing a hgh eruption column. and  lower
couds ol fine ash rise above the MOVIBE PUITHCE
Hows (Fig. 8.8 T s the preferental foss of vitpic
waterial e convecting plumes which feads 1o 2
complementary ncresse in the proporiton of orvstals
i the ignimbrite. Sparks of af i pressy have also
suggested that some Hows mav become compietely
bucvant ar therr distal fiow margins. and then rise
wie the atmosphere producing a major mushroom-
Lik

dee plume of ash. This may be the source of vere

large volumes of co-imnmbrite air-fall deposits,
Thes work s based on anabvsis of space and ground

photographs of the 18 Mav 1980 A St Helens blas

event. which sugpests the growih and rise of 4

A ash oud ata point well away from the vent.
Many of the voleanic ashes found deep-sen
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wores are eonsidercd 10 be co-igmmbrie ash Invere
e g 824 & 25 -

associated with the Tabua Toff erupted from Lake
Toba. Sumaira. Nearer o the source. cores also
pick up the distal pliman ash below  the C

The largest known is tho

wmmibrite ashe in all the deseribed exampies this s
d thinmner. coarser laver which pelers out with
distance. In more-proximal  cores through  (he
Campanian ash laver of the castern Mediterrancan
tRig 8250 this ash is clearfv divisibie inro s courae
bower umit separaied by o sharp boundary Trom o
Bne graded upper umit. In core RCY19T the low or
Ut ondy shows a coarse mode. whereas the
normually graded top possesses « coarse and o finer
made The normallv graded unir in core V1067 hiss
& bimodal disiributon throughout most of s
thickness. Bimodalin disappesrs downwind.

because the coarser mode decreases o diameter
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with distance from source. bur the finer
of an eruption the coarse-grained lower unit. and at
least part of the coarse mode found i bimodal
ashes. 15 tormed. The fine-grained upper unit is the
co-ignimbrite ash. The higher convecing plume
above the collapsing column mav aise contribuie 1o
the coarse mode in this laver. However. bimodaline
o distal sihicic ash lavers i mot umigue to co-
ignimbrite ashes and can be produced by other
mechanisms (Ch. 65 Observatons on the size
grading of crvsials in deep ash lavers are also
important. and can be used
durations (Ch. %,

tn the geological record, many of 1he
graphically mmporiant bentonie
steins’ may be co-tgnimbrite ashes,
from lare stage. buovant plumes originating i'mm
the distal margins of flows as suggested bv |,
Moore o al. Un pressi,

Iy estunate eruption

strati-
favers and “ton-
perhaps derved

8.7 Depositional facies model

For cur purpose here, o facics can be considered as
an eruptive unii, or par i
spatial  and  geomerrical
charactenisucs {e.u,

having distina
relations  and  imernal

grainstze and  depositenal
A factes mode! 15 2 generalised
summary of the organisation and associations of the
facies 1 space and ume.

BN Wilson and Walker (19827 described
the different factes that could be found in an
ignimbrite and related them w the deposinonal
regimes or “anaiomy’. of the moving pyvrociastic
fow. However. much of this discussion was hased
on the study of one ignimhrite - the excellently
preserved Taupo lgnambrite. This has excepiionaliv
well developed  facies contrasis. relared 10 the
extrente ‘molemee or velociy with which 1w was
emplaced ‘{Ch. 710 Indeed. the Taupo ignimbrie
can be considered 10 be a1 one end of a spectrum of
igmmbrite tvpes. Tdeailv. when consiructing facies
models of depostional svelems 1y important to
study many examples. It 15 only after the locsl
effects of a number of examples are “disilled awoay
that & generahised moded resubis (Ch.

thereof,

structures: Ch. 11

14 However.

mode
shows no lateral variaton. Durnng the plinian phase

unlike many sedimentary svsierns. there are st
refatively few igmimbrizes for which different tacies
dnd lateral relatdonships are known, One example
where Jateral relavonships have been evaluased are
m the Laacher See tephra m Germany, where
Freundt and Schmincke (19835 have been able 1
duwm\ proximal. medial and distal facies,

The model presented here s i‘ reely developed
fromy a study of the Bundelior Tuifs (], V. W righi e
ol 14815 Semmal works on manv of 1
istcs of dgnimbrite volcamsm
studies of these deposiis (R 1L
Ross & Smuth 1961, Ko 1. Smith & Bailey 1966,
1968 The Bandelier Tufls are therefore already
models {or this type of volcanism. and we consider
them 1o be a good norm for comparison. which s
an important property of anv facies modet (R G
Walleer 1984 Cho 140 o tHlustrate the exiremes in
ignimbrites. we can also examine and compare the
Rio Caliente and Taupo ignimbrites, which seem to
be at the opposite ends of the spectrum of ignimbrite
tvpes. Readers are atso referred o the facies model
of Freundr and Schmincke 119851 {or ignimbrites of
the Laacher See voleano in Germany.

the charscrer-
ongimated  from
Smith 19605, b,

8.7.1 BANDELIER TUFFS AND MODEL

The Lower and Upper Bandelier wffs of New
Mexico are the products of two  voluminous.
rhvoliic tgnimbrite-forming dated 1.4
and 1.1 Ma BP. respectivelv. Associated with these
eruprions was the formavion of 4 large
complex, inciuding the Valles calders and the
Toledo calders (Figs 8.26, 1342 & Plae 13
Toledo catders was believed 10 be the source of the
earher nimbrite, and Yalles 1o be that of the larer
sgnimibrite, Stratigraphically the Lower and Upper
Bandelier wifs are separated by crosional surfaces,
epiclastic sediments. soils and o sequence of up 0
sivpumsce-fall sub-phiniar or plintans deposits
iPlate 81 erupied from rhyvolne domes
caldera.

Both rutfs have simular eruption istones, [
tensive phinan i lavers ocour at their bases (Plate
8. Figs 6,130 I4a & 1y The Lower Bmd:hn
plinian deposis with its vodume of 100 ki’ and the
Upper pliman deposiv with bis volume of 70 km”

erupions,

calders

Toledo

R
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are two of the most voluminous vet recogrused (Ch.
6. kach has a lower, thick. homogeneous fall unit.
produced by the continuous gas-blast of o high
mtensity. mantained. stable eruption column. The
homogencous unis are overlain by bnely bedded
fall units. which are locallv intersratfied with
pyroclastic surge and How deposits. These are
indicative of instabilities in the column. docu-
mentng Huctuations 1 gas exit velocity. mass
discharge rate. column height and minor collapse
evenits. Dispersal patterns of fall units within the
phmian deposits indicate the location of a central
vent for cach eruption (Fig. §.26). The sequence of
deposits suggests a condnuum of evenrs leading 10 3
major cotlapse (Fig. §.115. Also. the inital pumice
flows ar feast seem likely w0 have been erupted {rom
the same central venis. Eruptions along 2 ring-
fissure vent system mav have developed later,

The two ignimbrires both have volumes of abou
200 km”. and consist of @ aumber of flow units.
Flow unil thickness varies from <1 m o >20 m.
although in some of the decp palacocanvons where
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the ignimbrites are ponded and densely welded 1see
Fra. 8,42, below). individual fiow upits could have
had uncompacted thicknesses of more than 100 m.
For most of the two sheets. anv one seciion only
shows a small number (two 10 four of massive flow
untts iPlate 81 Basal Javers, normal grading of
lithic clasts and reverse-grading of pumices are
aften evident.

Lathie brecoias are fnrerbedded. and grade into
igmmbrite flow units in the caldera wall, These are
co-ignimbrite lag breccias. The breccias form thick
segregation lavers iFigs 8. 20e & (). segregation
pods and large pipes. The appearance of lag
brecaas associated with the ignimbrites of the
caldera wall mav herald the onser of culdera
collapse and the opening of ring lraciure venis.

The ignimbrites are underlain by ground surge
deposus (Plate 8, Figs 3232 & b and we have
already discussed the possibilities for the generation
of this facies (Chs £ & 71 Also, directly.below the
base of the lowermost flow unit of the Lower
Bandelier wwnimbrire. large pumice clasie occur in

ipumice swarmsi. These pumice swarms have also
been found in the thin How units ar the hase of the
Upper Bandeler ignimbrite. More rarelv. such
pumice concentrations have been found at the base

Figure 8.27 Fumice dune below base of lowermaost flow

unit of the Lower Bandeher igmmbrite. Height of crest s
50 om
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Figure 8.28 Trun, very pumice-nch, revers

aly graded flow
umits and asne-cloud surge forming sal tacles 0
of the Upper Bandeher igmimbrite. Deposits are indurated by
vapour-phase crystallisation (Section 8.10)

of flow units higher up n the ignimbrites. but they
are certainiy best developed in the lowermost ane.
Thev represent rets of turbulent. highly flusdised
material which burst forward {rom the flow-head
(Ch. 7 This process was best developed m the
mnitial pumice fow hecause s flow-head  was
ingesiing cold ar which would areatly expand.
enhancing Audisation. Later flows ingested con-
siderablv hotter. and probablv ash-charged. air
which would expand less.

Ground- and ash-cloud surge deposits also oceur
interbedded with 1gmimbrite flow units (Figs 3.23¢
& dr. Ash-cloud surge deposits of the Upper
Randelier ignimbrite have been desenibed by Fisher
(1979, These are best developed at the edge of the
nimbrite  sheet associated with a number of
relatively thin. very pumice-rich. reverselv graded
fiow units (Fig. 8,281 These leatures suggest that.
distally, pumice flows were sphiling up nto separate
tobes. ash-cloud surges were well developed and
pumice was heing dumped at the flow-{ronis. These
processes are atso all recognised @t Mi St Hlelens,
but on a different scale.

Fine-grained ash from the eruption of the Lower
Bandelier Tuff is known o have been dispersed
SO0 km (Fig. #.290 This disal ash deposit s
divisibie into two lavers. There s a lowser, coarser
(Mdg = 2,90 crvstalrich 36wt free cryvstals
laver and this is regarded as distal Lower Bandeler
ohintan fall. An upper. finer-grmned (Mdg = 415

vitric (14wt free crvstals: laver is regarded as a
co-rgnimbrite ash fall. Cryswal concentration studies
of the Lower Bandelier igmmbrite show  ihat
approximately 100 km” of ash should have been
deposited as @ co-ignimbriie ashefail. and for the
Upper Bandelier ignmmbnte one of comparable
volume s indicared.

In Figure %.30 the different depositonal facies
are placed rogether schematicathy as a madel for the
products of 1gnimbrite-forming erupuons.

R.7.2 RIOGCALIENTE AND TAULPO
TGNIMBRITES

Both of these ignimbrites have vesiculated volumes
of about 30 km’. which makes them an order of
magnitude smaller than each of the Bandelier
ignimbrites. The Rio Caliente 1gnimbrite, [rom
Mexico, was formed from a low intensity (low
magma discharge rate) cruption. (orming a muliiple-
flow unit deposit (Fig. 3.16a) with a high aspec
ratio (1 3000 (). V. Wright 19811, At the other end
of the spectrum, the Taupo ignimbrite. from New
Zeazland. was erupted with an exiremely high
magma discharge rate and travelled with an ex-
tremeby high velocity, Tt formed a low-aspect rauo
(1:70 0007 ignimbrite, consisting ol @ sigle-flow
anit. and travelled radially outwards in all direc-

rions. almost regardless of topography, climbing

VR 4 -
Figure 828 [istal airfall s laver from the  Lower

Bandetier eruption at Flovd
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‘ laterably very
IQRINnDrite VEI'Y pursice rich exTensive
CC - gnimbrite
Jash-tall deposi

flow units distal flow  units

bre distel ash
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Figure 8.30 Depositnnal istes model for the products of wnirmbriedommng erupiions based on thes Bandeher Tuftzs tafier
Ao Winoht er sl 1981
hills up 10 1500 m above the venr in Lake Taupo was deft behind as o mail-marker by the
(Ch. 7i rapidiy. moving Taupo flow (Ch. 7. Such
Maps of rthe o ignimbrites are shown in types of lavers have not been found in the less
Figures 5.31 and 32, The distribution of facies in mobile Rio Caliente ignimbrite, which is
the Taupo gnimbrite 15 strikingly different from composed of normal tlow units. However. the
those in the Rio Cabiente ignimbrite and our Rio Caliente ignimbrite scems 1o have been
Baadeler Tuff model. Several important differences crupted onto gentle tpography. and if hills
can be highlighted: were present mavbe local ignimbriie vencer
deposits could have formed: such a jocal
veneer deposit has been found at one locality
m the Upper Bandelier ignimbrite, What i
mmportant 15 they could never have been an
important facies. as in the Taupo ignimbrite,

il An outstanding feature of the Taupo im-
brite s that 1t occurs in two contrasting forms.
cach having quite different relationships 1o the
pre-existing land surface. One is 2 fundscape

mantiing ignimbrite veneer deposic (IVD?, (bi Co-ignimbrite breccias in the Taupo jgnim-
while the other fills in depressions lke “con-
ventonal ignimbries do. and is called valiev-
ponded ignimbrite (VP Figs 8,324 & 7.07,.
The TVD is sirattfied and occasionally shows
bedforms. All of the evidence suggests this

brite extend much further from the vent
They are of the ground breceia Ivpe., gener-
ated m the extremely fluidised head of 1he
Taupo fHow. Laterally they pass imo the

Taupo ground faver and the =10 ¢m average

1 Figure 8.31 (3 Isopach map of the Ric Calienie

gnimbite, Sers Le Primavers volcane The ba
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maximum lihic size sopleth extends 35 km
approximately radiallv around the vent (B,
5320 The co-igmimbrite brecotas identified
i the Rie Caliente sgnimbrive (Fig. 8.3k

formed by segregaton through the bodies of

proxamal pumice Hows. and are ol the lag
breceig type. These onlv exiend up 10 a
maximum of 4 km (rom the vent. No ground
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breceias have been found in the Rio Caliente
wmbrite.

for Another guie remarkable facies of the Taupo
sgnimbrite 3% fnes deplered 1gnimbrite (FD1.
Thee 15 very disunciive in the feld. and s

characterised by large rounded framework
purice clasts. with few fines and abundant
charcoal fragments (Fig. 728 The FDI 18




fsgrambrite.
b {sopleth
three largest
o Distribution of
mie fall deposis
(RN

he Ko Caliente

es of the Taupo
rumbrite (FIDE
1o field. and s
ded Tramework
cand abundant

i The FDI i

restricted 10 an area where vegeraion was pot
covered by earlier co-eruptive fali deposiis
(Fig. 8.32¢: Section §.121. The FIDI 15 thought
o be material jevted out en masse from the flow
head fsimifar vo the pumice dunes?. but in this
case mixed with large amounts of vegetation
which also generated large amounts of gas.
carrving  off even more fines. This fines
depleted facies extends 42 km from the vent
Ignimbriie depleted in fines is found in the
Rio Caliente ignimbrite. but this enlv oceurs
m proxmmal lecations closely associated with
co-igaimbrite breccias (Fig, §.31hy This is
again a facies consistent with a high degree of
agiaton-fluidisation near the vent in proximal
purnice flows, as they are segregating from the
collapsing column.

idi Pollowing on from the sbove, 1otal loss of
vitrse material is very much greater in the
Taupo ignimbrite than the Rio Caliente ignim-
brize. Although both ignimbrites have similar
volumes, the quantity of ash occurring as a co-
ignimbrite ash-fall facies is quite different for
each. The Taupo co-igmimbrite ash has an
estimated  volume of 20 km?® and the Rio
Caliente co-ignimbrite ash onlv 7 km®. This
was clearly controlled by the degree of e
pansion and mobility of the moving pumice
flows {Secuon 7.3

8.7.3 IGNIMBRITE FACIES AND ERUPTION
RATE

The most important control on the overall geomerry

and mternal characteristics, and therefore {acies. of

the Rio Caliente and Taupo ignimbrites is believed
1o be magma discharge rate. J. V. Wrigh: (1981
drew the analogy berween multiple and singie flow
umt sgnimbrites, and compound and simple lava
Hows (Fig. 8.330 It was G. P. L. Walker (1974,
197345 who first suggesied tha magma discharge
rate vas perhaps the single most important factor
governing lava How morphology and the distances
that lavas wavefled (Ch. 40, and this appears 1o be
the same for ignimbrites. For most lgnimbrites 1
not possible to determine discharge rate. However,
oV Wright (1981 and C.J. N, Wilson and
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{a)
Simple wgrimbrite
i aspect rone =0 5
;zc)m['g
o 0 A EOkm
{b)
Zﬁmi(

Figure 8.33 Simple and compound gonimbries.
shups hetween thickne rmember of flow unts and distance
travelled are shown schamaticaily for twe grumbirtes with
similar volumes, (After 3 v Wight 1987

Walker (1981 managed to make an estimate for the
Rio Caliente and Taupo igmmbrites. respectively,
and these are used as the basis for Figure 834,
together with other data available in the literarure.

From the scenarto suggested in Figures .33 and
M we can make an assessment of where the
Bandelier ignimbrites. and therefore our facies
model derived from them. are positioned within
this spectrum of ignimbrite tvpes. and alse an order
of magmitude estimate of their magma discharge
rates,  Consideration of aspect raue 1 - 5000,
number of flow units and proportional volume of

-5
e e Taupo
o
< l.os Chocoyas
= o
2 et
b Tabg
@
o
w
g R
w3k
OwvTTs
OR»Q Calfents
MSHE (May 18}
1073 1 . : I
3 E T
I w0 1o® 10° e

-1
Eruption rate (m% ™)
Figure 8.34 Piyt aspect rale agamst the  average
VOIS eruptior of magms for & number ¢
ignimbntes. Arrows for the Los Chooovas and Toba gnime
britas mdicate uncernainty In measuring aspect ratio.
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fine ash lost suggests thar both of the B&mdclie‘
ignimbrifes  are wowards the lower end of the
discharge rate speatrum and that they have dis-

'

charge rates of about 1

%.8 Palaeocurrent indicators

Fiow direction has been deternuned for a number
of jgnimbrites by measuring the pukrmd Orien-
ation of elongate crvstals and lithic tragments | .
Sypuld & Ut 19821, tree Jogs (broggatt & al. 19811,
welding fabrics (Elston & Smath 1970 Rhodes &
Sith 1977, Kamata & Mimura 1983 and magnetic
(abrics (Ellwood 19823 K. Suzuki and Ui (1982
have shown that flow orientation was strongly
controlled by the pre-exisung fopography for the
Ata pyroctastic flow  deposit. Flow lineations
oriented radially away from source were only
obtained for samples collected from the surface of
the ignimbrite sheet. Samples collected from the
hotioms of vallev-fill deposits had lincations parallel
1o the axis of the vallevs. Samples coliected from
valiey walls tended 1o be parallel o the slope of the
vallev. Froggati ¢t al. 11‘)%1 1 also nored that n the
Taupo ignimbrite the orfentation of tree logs n
areas far from the source was paratiel to valley axes.
even though these could be perpendicular 1o the
general outflow direction,

Wolff and Wright (19817 showed that directuional
fabrics in welded ifs are sirongly conirolled by
local palacostope. The fact that wnimbries gener-
allv slope away {rom their source volcano has
suggesied o some workers that these direcnonal
fabrics are likely to reflect How dmmun However.
above. we have shown that this line ot Creasoning is
oot valid, This short discussion therefore suggests
that caution is needed when
wnimbrites are megsured. especially i
examples. where they are
Comiouring averasge maximum

ancieni
used 1o locate source
vents, lithie clasy
sizes is the alrernative method,

K. Suzunki and Ui 11982: also noted
depositional ramps on the orinal surface of the
Ata pyroclastic flow deposit which provide an
inde pcndcm How direcoon mdicater,
shown by the asvmmerric distribuiion of elevanion

large

These are

palaencurrents of

and thickness of deposits in vallevs and basins. with
deposits ramped up higher on vent-facing slopes.
Depositional ramps are also recogmsed n cross
sections through the Te pyroctastic fow deposiy
(Fig. 8,30

%.9 Secondary deposits

Some ignimbrites are obviousty interbedded wuh
and overlain by secondary deposits derived from
the jgmimbrite (e.g. Figs Siebh & These
inchude varicusly pumiceous mud Hows. torrent
deposits., reworked  wind
deposits (Ch. 10 and locally gepsrated phreatic
ashes.

Pumiceeus mud-flow deposits can closely re-
semble fgnimbrite. and be difficult wo distnguish,
1. V. Wright (1978 showed that mud-flow deposits
interbedded with the Minoan cmprinn sequence on
Sapiorini could be distinguished from igambrite
flow units by the absence of @ thermal remanen
magnetism. Segregation prpes indicanng that they
had 4 continuous gas phase. may also be used
identify ignimbrite deposits. However, i mud
Aows have been generated by water flooding o
atill-hot ignimbrite. then simifar pipes could form
but. in these. clasts mav be mud-coated and
entrapped vesicles mav be present in the muddy
matrix. Note also that Sheridan or al. (19810 have
indicated that some pumiceous mud flows could be
promary products formed ar ven during hvdro-
volcanic phases of ignimbrite-formimg eruptions,
Torrent deposits that are rich m farge Tithic hlocks
mav be difficult 1 distinguish from co- wgnimbrite
precoias. and punnceous examples may be hard o
differentiate from surge deposits. Angle of repose
cross-stratification {Ch. 100, if present. indivates an
alluvial origin. Lacusirine deposits will form where
river vatlevs have been blocked by debris, Deposits
could include ash turbidites and Ones-tree assen
vers well rounded pumices 7e
rafts which formed a fioating

lacustrine sediments.

hiages ol coarse.
presenting pumice

faver on the surface of the lake fCh 10 Wind
reworking of the wop of an tanimbrite could

produce sitatified and low angle cross-strarified

would closelv resemble ash-cloud

lavers which
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Cdmmeter UAHer Rowley et sl 1987 )

surge deposits. However. wavelengih and  size
would not be related 16 pumice-ow AT POT
direction. Om a larger scale. wind erosion can strip
targe volumes of jgnimbrie. adding this 10 a loess
blanker as has happened in New Zealand. Without
knowing the regional stratigraphv. such a deposit iy
probabhv difficult 1o distmguish from an air-fall ash
deposit ar some outcrops (Figo 10.32b0 Secnon
TS

Whers large quanting
stil-hot igmmbrite. steam explosions can be g

oof waler gum acoess ta g

cereds These form rootless explosion oraters fike
those observed ar M1 Si Helens TRl B350 where
local phreatic s

trge and ash-fall lavers were also
gencrated. Smmilar stratified deposits formed b
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steam explosions occur above the Taupo ignimbrite
(G NG Wilson & Waiker 19830 and Crater Fake
pumice flow deposit (Bacon 198

8.10 Welding and post-depositional
processes

Tgnimbrites ave emplaced ar high emperatures and
welding, recrvstallisauon and aleration mav oceur
during the period of cooling. Three mam DrOCesses
can be recognised:

welding
vapour-phase crystallisation
devirrification

S0 WELDING

Welding s the sintering together of hot PUTICe
fragments and glass shards under » compacional
load (R. L. Smith 19602, b, Ross & Smith 196)
The most mportant controls are:

i

G glass viscositv ddependem on temperature and
composition ' and

fhy Hthostatic load (dependent on the thickness of
the deposiy,

Lihie content moa deposit will aise aflect the
development of welding ' Eichelberger & Koch
19795, Experimental studies indicate that welding
beging berween abour 600 and 730°C for rivolitic
compositions. depending on load pressure and H.0O
comient of the glass 1 Friedman o a/ 1963,
Bierwirth 19820 Fig. § 26,

Characrersucallv, when  welding approaches
completion. three zones of dense weldimg., partial
weldmg and non-welding are produced (Fig, §.37;
KoL Smith 1960b1. In the welded zones flatiened.
often glassy juventle clasts called fiamime. and olass
shards define o planar foliation or ewiaxiic texiure

Figs 538 & 22300 In most cases Garime scem
he Hattened pumice clasis. but sometimes they may
fave onginally been unvesiculured juvenile clisis
ihthson & Tazefl 1967 Welding 15 often associ-

ated with distinenive colour changes. which are due

to different oxidanon siares of fron. In denyely
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welded zones columnar cooling joins are olien well
developed (#g. 839 Lithophvsae mav also be
present iFig. 8370 Ch. 50 A densely welded 1ol
which in hand specimen has a glassv appearance. s
sometimes called o vitrophyre.

Mamy workers have recorded svstemane changes
with height in bulk density and porosity in welded
wmmbrites TFigs B Typicadiv, bulk densuy s
at a maximum. whereas porosity s at minimum in
the lower central hall of the deposit, and this
corresponds 1o the zone of dense welding, Ragan
and Sheridan {1972 showed i the Bishop Tulf that

these features are relaied 1o the degree of flattening

LA TETY
P mrey nortiy we
vapour phase !

walded 1uff

GUOW D (ﬁ{".ﬂfsi_“\y

w1t

{_— il agvitedfied quf!

P pie brows densedy

of the pumice clasts, which can be conswdered a
measure of the compactional strain (Fio. 8415
Stram rade fsee also Figs 6,42 & 450 can be
measured m owelded wiffs by applving echniques
developed by srructural geologists 1o measure
tectonic straine [Ramsay 1967, Dunet 1969, Il
1970, Lisle 1977, B. Reberts & Suddans 1970,
Ragan & Sheridan 19720 Sheridan & Ragan 1976,
Sparks & Wright 1979 Wolil & Wright 1981
RooLo Smith (1900 classified ignimbrites that
showed such simple welding variations as simple
cooling unnts. Riehle 1197310 {ound that these
varianons could be predicted  irom theorenical

Figure 8.37
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analvsis of the cooling of a sheet emplaced with
unttorm temperaure. However. some igninibrites
have several zones of dense welding and parual
welding. Such igmmbrites are classified by Smith
as compound coolmg units (Fig, 8,425
sggest that the upper parts of carlier flow unirs of
the ignimbrite must have been pardally or whaoliv
cooled before the emplacement of later flow uniis.
Some care must be taken when deseribing com-
pound cooling units. as they may even consist of 4
number of ignimbrites separated by fong intervals
berween eruptions.

Most welded rocks onlv show compaciional
fartening of famme and glass shards Fig. 5410
However, in some welded tffs fiamme are seen 1o

These

be stretched. and in seciions parallel o the plane of
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fohaton of flamme thev show a well defined
lineavon (Fig. §.435 This ndicates secondary mass
flowage of the wif during welding, and 15 rermed
rheomorphism. Flow {olds are sometimes also well
developed. Schruncke and Swanson 1967, and
other workers te.g. Chapin & Lowell 19797 have
suggested that sirerching and welding of famme
may he o primary {low feargre during the final
stages of pyroclasue How Wolf and Wright 11981
arguned that 1t must be a secondary process in-
volving first compacuonal deformation and then
subsequent flow on a slope. Manv ‘but not alls
examples of rheomorphic welded wiffs are peratka-
line rhvolites having unusually low slass viscosities
compared with calc-alkaline rhvolites.

lgrumbrites which show well developed zones of
dense welding, and in which the proportion of
welding 1 hgh. can be termed high-grade 1En-
brites. m conteast to low-grade ignimbrites. which
are totally non-welded or of which oaly @ small
proportion 15 welded. The wemperature of eni-
placement of ignimbrites s thereiore VOrY varizhle,
FoLo Smith (19602 considered  tha processes
within the eruprive column must be responsthle.
and Sparks el 119780 explained this by the
eruption column collapse model, Eruptions with
fow gas conent and Jow gas velociy will fead 1o Tow
collapse heighte and Tile heat loss during collupse.

porosity = 4% F

ol sirain
Note &

Fanar:
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ﬁ: ﬁ‘f‘; y\'h)ch wilt favour formation of @ densely walded hased o t_hL assuniprion (hat VISCous strn oucurs.

ﬁj',i ;ﬁz‘; sgnimbrire. This condition will also Tead 1o Jesi- bt this is ncorrect for porous volcanic ash because

a:ﬂ H 2 expanded Hows which should lose only minoy i does not allow for the effects of pore spact

gﬂ' %’!}:ﬁ amounis of vitric ash. ag seeins 1 be the case for {porosity; and packing geomeiry. Bierwirth « 1982

" ﬂfﬂé many  densely woidsd intracaiders  lgnimbrites considered the effects of porosity as shown bv
Seetion $.4: Cho 11 Flows formed from high  models of sintering and hot pressing processes used
collapse heights will ‘m emplaced @ relarvely fower  n the ceramic and metallurgical indusiries. The
repaperatures. and may form non-welded deposits. crramn rate for porous materials 15 given by
Sorne large ignimbrites show an upward increase it - P Wl %1
welding due 1w the emplacement of ihw» units of e R
successively  Tngher  temperature. The Upper where. T is wemperature. /715 1 oad pressure. O 18
Bandelier tgmmbrite shows such o sequence, with setivation cnergv. fobs A SIess factor. figy is 4@
fow unil emperamres ¢ “hanging from the order ol density function. s the urpversal was constant
S50 RO0PC (R L Simih & Bailew 1966 Frg. 8440 and K 1s ke strain rate constant. Using the results
Widening of the vent and @ decrease 1 gas Conien of hie Bandehier Tuff expenments i 8300

during eruption and column collapse could hoth values of Q. n oand Kowere determined and @

explain increasing emp slacement wemMperanre. nearest-lir equation assigned 0 00 After converi-
The ume taken to produce wel tding has been 0 strain o densire. Lguation 8.1 was imtegrated

estimated theoretically by i«’;idm‘ 1973, and Kono  giving an equation detiming compaction rates ol

and Osima (19717 However, thetr methods are anhvdrous ash from the Bandelier Talf
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. 7e" 0047 — 0.092 =
(6.3 w0 10PN e T s gt

where ¢ s fractional densiy, 715 ume 1 seconds, P
15 i bars and 7 in K.
Values are reliable for fractional densities Jess

20% porosity

S.5% HLO

6500

1 L : h

L o
st ay  (wk Zrmths [y IGyears  (GOyrs
Time

sho{al anhydro

and (o with Gb witb water {or vanous

¢ reliable for thin Hows and long Tmes. dus o the effects of coohng. Sheet
7ol Afer Bleswirth 19872

than 0.9 (<2 4 g cm™ ", =10% porositvs. Equation
8.2 produces values which correlate well with
expermmental resulls, and enables prediciions o be
made bevond the ume range ol experiments. For an
igmmbrite 100 m thick and emplaced a1 850°C.
dense welding (< 20% porasitvi would occur within
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one week (g 8.44ai For even g 1 km thick
intracaldera gnimbrite w 6307, dense welding
would only be achieved after one vear. assuming
that crvstalisation of the groundmass did no
prevent compaction. Weldmyg temperatures will be
lowered by the eltect of water content wmhe glass,
and the tumes shown i Pgure 80400 can be
regarded as maximum values, Bierwirth indicated
by approximately 6070 compared with anhvdrous
conditions g, §.34hs

that £.5 wi®s water will tower weldimg semperarures
;

RO1002 VAPOUR-PHASE CRYNTALLISATION

Vapour-phase cresialisanon resubis from the perce
lation of hot gases through mbries during
cooling. The most
probably diffusion from juvenile visrie partcles and
heared ground water.

The main products of vapour phase ervsialis-

HNPROUTant  gas sourdes dre

Fumarole
mound

rretres
150

VT

VOROUT BRase
)

devit

Gewtified

Figure B8.45 Jonas
cesstrd st :

auion are ndvmare . enisiobahie and alkali feldspar,
which occur as drusy irfilis of matry aod pumice
cavities. so forming a cement and reducing the pore
space. Vapour-phase crvstafhsaon can produce g
coberent rock The term sillar o Peruwvian word
first apphied by 0N Fenner 10480 often used
for such rocks. bur the werm has also been apphed
e meiprenth welded mafls i which ash grams are

bavehy sozered a pomnt cormtacrs and show no other

deformation of wvende clasts (Figo 570 Vapour-
phase crvatalISaiion can oucur in separate Zones in
compactioradiv welded gmmbriies. and s comi-
monfy found towards the iop of o sheey dihgs 837,
42 & 4% Sherdan (1970 desenibed fumarolic
muounds and ndges of siflar above the Bishop Tall
s 84S & dbe s Similar palacofumarohe feanares
aned peculiar s prpes” occur 1w the Rio Calienre
wnimbroe, which are thought w have lormed
where 1 was deposited e o shabllow lake or on
marshy ground (Fgs 84600 ¢ & 470 Fumarelic
pipes have alse bheen found i the Bandelior
ynimbrites (g, 8 odod,

B 1003 DEVITRIFICATION

Dyevnethication involves the sub-solidus crvstaliie-
ation of metastable slass (Ross & Smith 1961,
Polgren 19705, The maun producrs are cristobalie
and alkeli (eldspar. Devnrification tends 1o be more
prevalent m densely welded nulfs, and parucularly
i thick iniracalders wmumbnics because of the
protracted cooling (Fios 837042 & 451 Neverthe
fess, more-porous wnimbrites may also be deviir-
fod  (Note that devirthcation s alse common in
coherent olasse avas and shallow norusives |
Dyeviirtfication s dhscussed turther i Chapier 14

dSection B3 2

5.11 Chemical analvsesy

Post-deposinonal chemcal ahiorion

{eature oven o modern E‘_Alllﬂ]hi"ﬁi‘:.

several processes which can produce sl

Aty and stidies shore

One o feaching by ground w
that metasiable glass 1 cmiiv leached and Noo K

and Stoare olien remoyed o, Noble 19670 Seont
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analvses of ignimbrite (especially whole rock analy-
ses of ancient welded ignimbrites). and indicates
the care needed in sampling.

8.12 The great Taupo AD 186 eruption

The studies by G. P L Walker, C. | N, Wilson
and co-workers on the products of this ignimbrite.
forming eruption have greatly stimulated volea-

b S; 5 siler rhyolite iavos nology. vielding new insights into explosive volean-

}Ef _;;i‘-i" ampactionally welded " Soproximate I st oand extending the range and scale of known

H’,ﬂ‘ b voleanic phenomena. A brief erupiion narrative is.

*ﬁ{; m (b) therefore, a fiting finale 1o this chapter. The

j,::;@ ¥ ? ( R R S eruption produced a great varjery of pyroclastic

e fi o products, including the most powerful plinian and

L : most violent wnimbrite-forming events vet docy-
Pt | e p e R ;

s . ¥ mented (Chs 6 & 7 Section 8.7 It is the vouth and

excellent preservation of the deposits that enabled

e ! the .cruptinn sequence o be examined in such

LR detail.

] — : The products of the Taupe eruption iFigs 8 48

L E ’L ammbrte - i pipes e massive siller & 497 are dispersed over 2 large part of the North

Q:ﬁ ‘ Figure 847 {2 Map showing distribution of sdlar and Island of New Zealand. They consist of: an inital

“ u pataeciurnarolic area i the Rio Caliente ignimbrite, New plinian pumice-fall deposit. the Hasepe pumice;

i *:é , Mexico. Ibj Field sketch showing relations in the ares shown rwo phresioplinian ashes, the Hatepe ash and the

i Figure 8 47, Pipes are radiaily distributed about massive R(‘)i(lng‘li{i ash. which are separated from each other
] ] dl oh . N il Sk C

seemed W have been the sitas of . L . .
by an erosional break: an ultrapliman pumice-fal]

zones of sillar, which

L :g ?i* :%l I most intense vapour-phase activity 4 ) " - L
iﬁfi}?ﬁ ; ' N deposit, the Taupo pumice: and. finallv, the
; g m\g i‘.ﬁ] ). Vapour phase and f‘.llnélr()llC activity and hot
E %Eu Efﬁ springs 1‘0131{:(? to the rcgmnql geothermal svstem
Hmﬁ {Fig. >13,48i~ 15 the SEE.C(Z)nd m}pon.am source of Im
s alteration (see the previous section).
Both Ui (1971yand G. P. L. Walker (1972 warn : Taupo

ignimbrite

aganst the acceptance of whole rock anatvses of
wnimbrites as guides 1o the composition of the
parent magma. Such analyses are subject 1o con-
siderable error, because of the presence of xenoliths

. S T 1 g Hotepe

in the lithic component (Ui 19711, Perhaps more ash P

important, though, 15 the concentration of crystals ERIREAATCLI P
- o~ . . . . . or% =

that 15 found in ignimbrites due to the selective loss 3

of fine vitric ash during eruption and emplacement,

The composition of the ignimbrite will be enriched

_ in those elements occurring in higher proportions o

s : mn {hc. Crystal-s. and  will lhc (jeplutcd mn those Figure 848 Stratgraphy of the products of the Tauno AD

occurring in higher proportions in the glass. 186 eruption, New Zesland. (Afier G P | Walker of of
The above questions the value of chemical 19814

Ty Touss pumice

Rofengois gsn
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Figure 8.49 The Taupo cruption sequence as explaned in
Figure 548 showing prominent infilled  eromon  guiies
etween the Hatene and Roton and strongly
discordant erosion surface behe the Taupo igmmbrnte
upn purrece. Ths location 15 20 ke ESE of the vent
Fhotogrants by O 00N Wilson

y ashes

climacie Taupo igrambrite. The wral erupted
volume was about 100 km' {dense rock equivalent ).
of which 24 km” 15 found in the Taupo ubtruplinian
pumice-fall deposit. 30 km™ m the Taupo NI
brite and another 20 km’ in a co-igmmbrite ash
fall. Inn this section we briefly consider sonie of the
exceptional features of this sequence.

From various lines of evidence. the vent position
i inferred 1o be at or near the Horomarangi Reefs
in Lake Taupo. Horomatangi Reefs mav be lava
domes or the remnants of @ pyroclastic cone. The

GREAT TAUPO AD 186 ERUPTION

sequence of phases can be interpreted in terms
tumescence of the vent area or loss of lake water.
exposig a dry-fand vent. and subsequent de
mescence submerging the venr during the erupd
fFig. 8300

We will now consider the principal phases of 1
Taupo eruption:

carlyv air-fall phases
Taupo ultrapiinian fall deposi
Taupo ignimbrite

81201 EARLY AIR-FALL PHASES

The Hawepe pumice 15 a coarse. relatively hom
geneous and well sorted laver which shows man
bedding. 1t dispersal (Fig. §.5Tar and grains:
characteristics are typicaliv phinian.

The two phreatoplinian lavers (Figs 8.51b &
are fine-grained. stratified. refatively pooriy sort
ash deposits (G, P L Walker 19812y, Both she
very little change in gramsize and sorting wi
distance trom source. Thev both show many sig
of being depusited as “wet” ash. For example. U
Hatepe ash locallv shows s type of microbeddi
atrtbuted 1o the splashing of falling water; ho
deposits contain vesicles {formed when air w
trapped by ash falling as sticky mud: the Rotonga
ash. where thick, ofien shd as small mud flows in
the gullies cut inte the Hatepe ash: and sof
sediment deformation siructures are found (Fi
8.521 However, both lack aceretionary lapilii. b
very wet aceretionary lapilll similar v mud-ra
could have easily splashed on impact. The po
sorting of the deposits 1 anributed o wate
scavenging of the ash cloud. Although thev on
show limned fractionation with distance, bot
lavers show a regular exponential thinning from
source (Figs 8351k & i indicating tha F
scavenging waier must have been derived from of
source. Lake Taupo. The waler was therefore a
integral part of the eruption column and ash cloue
and G P L. Walker (1981a1 envisaged a full
water-charged coluran erupting out of Lake Taup
with both ashes actuallv falling as mud.

The deep-gullied erosion surface separaring th
two ash lavers is significant. and there is a simila
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{g] Hotepe pumice

tb) Hatepe gsh {'putty ash)

fUTesCense

but less promment. erosion surface within the
Harepe ash. Features of the gullies indicate very
raprd erosion in two briel episodes during the
cruption. The depth of gullving. and therefore the
amount of erosion. decreases svsternatcally gwav
from Lalce Taupo < Fig. 8 5% This strongiv suggess
that the gullv erosion was somehow related o the
eruption column. and Walker believes that this was
when g large part ol he lake wis erupied as o glant
‘wolcanogene warevspowl” g K S0cs

NS

Figure 8.50

>ritation of T

et

1o

TS collopse

f
af vens diffarant pha ot the

regien
"7, Taupo erupuon

8122

TAUPO ULTRAPLINIAN FALL
DEPOSTY

The Taupo pumice s exiensively described by
Go Pol Walker 19805, whe used 1y deposit o
deline the term wliraplinien” . reflecting is exuremely
wide dispersal (g, 8540 Cho 60 Hoas g coarse
pumice (all deposit "Fig, 5,49 which is internalih
stratified. especially near vent. shows mamle hed-
ding and otherwise resembles a normal plinian
deposit on a tocal scale. Although vhe maximum
tthie and pumice isopleths demonsirate that the
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aps Hustiating the distribution of
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vent lay within the present Lake Taupo. the
sopachs of the deposit close abour & point about
20 km east of the lake, a fact which led earlier
workers to place & vent on-shore. However. this
secondary thickening awav from the vent can be
explamed by the combination of a verv high
cruption column. partly atributable to 2 verv high
erupiion rate (estimaicd at 10° m” < of magma),
and a strong westerly wind shifting the eruption
column sideways (Fig, 8.50e1. Also, a1 manv of the
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near-seurce outcrops the Taupo pumice has obvi-
ously been eroded by the Taupo ignimbrite which
followed. and therefore thickness measurements
are anomaiously thin,

The maximum measured thickness is only 1.8 m.
which reflects the great dispersal of the deposit
although. again. even where it is thickest there is a
marked erosional discordance berween it and the
ignimbrite. Despite iy unimpressice thickness (of.
other phnian deposits, Ch. 6). caleulations by
G. PoL Watker (1980 from the concentration of
iree crvstals in the deposit show that the rotal
volume erupted was 24 km’ 16 km® dense rock
equivalent (DRE. which is as big as some of the
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Thick { N oy gy
o) Thickness {cm) 8.12.3 TAUPOIGNIMBRITE
i 5L 10w
l e T A We have already discussed ar length many of the

features of this spectacolar ignimbrite (Ch.

section 8,70 The abrupt switeh from fall o fiow-
forming activity s thought to have been caused by g
drastic increase in discharge rare (Fig. %345 and
cannot simply have been due 1o the collupse of the
very hgh ulbraplinan column, O 1 NO Wilson
and Walker (19857 suggest thar the high eruption

I T

' 3%%52 % rate during the uliraphinian phase drained the
Er;';ﬂ 1% upper part of F.I.?U,maf“)mﬁ chamber. ic;w‘n‘lg s rond
g E] unsupported. This cventually led w major collapse
?’TE‘“ P ) _ of the vent regon (Fig. 83001 This greatly
| Ekﬁé ’ l S widened the vemi. and the ignimbrite-producing
‘ a{. %E ; ¢ How was z.huq formed hy insriani';mcmza cotunm
gy | g collapse. the discharge rate being suddenly much
e i 4 greater than that which would allow for the
i | maintenance of a stable convective column (Flg.
Eif Wi ; 4 h [RBN 'i‘h:@. bthae conient of the prwig]ni%nhri}c ;1%{—
e fall deposits 1 km®! implies that vent widening by
5%,& . EFOSION Was Imperiant I:md \umid‘e\-‘cmuzﬂly have
e =;§ " led 1o column cnliapgu if the eruption had h)ll(}wcd
g;: W a ml)rmal Course (‘}i events. Ipdt’e&\ <‘>cca3nm_ﬁl
I :? :3 : partial collapses of the ulir;}p]n"uzn‘l columan did
W oceur, generating a number of early ignimbrie fow
: —— unmits fornd interbedded with the Faupo pumice
s g | : near the source. A sudden increase in the volume
; _;‘; ﬂ;% ‘ J (2 km” and sizes of fithics in the Taupo ignimbrite
gj‘ﬁ;ﬁ - ﬁf support the wdes that there was a drastic change i

. i’%ijﬁi f eruption condiions.
_!ﬁ ;:a;jg . g Fieid data suggest that the parent How of the
; Taupo agmmbrite erupted over only 400 ¢ in
! batches of maienal which gradually coulesced so
kf thar from abour 40 km owwards the flow was a
27 single wave of marerial (C. [ N, Wilson & Walker

. 1981 ;. During most of 1is passage. the How consisted
Figure B.54 {sopach and maximum-size ssopleth maps . ) .. T o .
. . ol a head {strongly fuidised by ingested air: which

{rnve = diarneter of the largest olasis) for the Taupo ' :
pumice. tter G P L Walker 1950, generated taver 1 deposits. and a bodyv plus (il

whnch generared Javer 2 depostis i1Ch. 710 The How
larger plinian deposits known (Table 625, Of this maved at very high velodities over 2 locally moun-
volume onlv abour 20% fell on land. and 80% winous  terran at spesds prohably exceeding
(mamly finer vitric ashi fell out @0 sea more than 250-300 m 77 near the vent, and which remained

220 km from source. Independent methods indicaie high flocallv =100 m s ' 1o the cuter hmits of the
that the height of the eruption column must have  How. The ow-head was highly erosive and locally.
been in excess of 50 km, and that thus phase lasted almost unbehevablv, scalped and overmrned the
617 h. floor over which 1 rode (Fig. 855, A varjewy of
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Figure 885 The Taupo igrimbnte &1 this location scalped
and overturned av-fall fay o1 admnig phiasss in the
and older airfall deposis and soilds. This outcrop s
approxiy v 10k east of the vant, the Taupo puruce is
absent because 1t wi resumably stripped off hefore the
LrOSVE OVETTUMNInG even coourred

SEURTIOr

Processes acting in response to Huidisaton or flow
Rinetics operated within the flow 1o produce the
great variery of facies.

BE24 OVERVIEW

The total thickness of ar-fail deposiis amounts 1w
over > m near the veni. nearlv ail of the marerial
having been blown to the east of the veni by sirong
sauth-west to westerly winds (Figs 831 & 345 Aure
iall deposits more than 1 cm thick were deposited
over an area of 30 000 km? . while an area of abow
200000 km~ was devastated by the Taupe ignimbrite
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flow. In addition. mud flows and floods reached fas
bevond the limirs affected by primary eruptior
products. The total duration of the eruption coul
have been as short as a few davs or as long as
months. depending on the fength of the tme gap
between the Hatepe and Rotongaio phreatopliniar
phases. If the Taupo eruption were repeated. there
can be no doubt how catasirophic its effects would

be.

8.13 Further reading

R. L. Smith's classic papers pubtished in the carlv-
19605 (K. L. Smith 19604, b, Ross & Sminh 1961
are sull essential reading. having been. for the past
two decades. the foundation for the advances in our
upderstanding  of agnimbrites.  The  Geological
Society of Amenca has honoured this pioncering
work with publication of the Special Paper entitled
“Ash-flow wffs”. edited by Chapin and Elston
(9795 This conmtams some of the more up-to-date
information and reviews. 1acluding one by Smith
himself (R 1. Smith 1979 which jooks in some
detail at physicochemical aspects of lgnimbrite
magma chambers. G, P L Walker (1983 reviewed
ignimbrite types and problems. and in this very
useful article wkes stock of whar is kaown, and
also what needs w be known beflore ignimbrites are
well understood”. In addition Walker (1985 has
reviewed the origing  of ignimbrite-associated
breccias. Although much of the Taupo AD 186
story 15 scattered inoa large number of papers.
Co N Wilson and Walker 11985; have preced
together an eruption narrative, and C. ] N Wilson
F1983) presents his compiete storv for the Taupo
ignimbrite 1 an oustanding publicaton. One
other. shightly older, paper worthy of special note is
Yokavama (19741 on the it pyroclastic fow
deposit Fig. 835 An important volume on caldera
formation and caldera geology 15 the special issue of

Jowmal of Geophysical Research 71984, voiume {9

BI0;, edited by Lipman, Sell and Heiken, The
papers by Lipman (19845 and G. P L. Waller
(19%4a 7 m this volume provide interesting contrasts.,
Lipman  high-lighung the complexities of the
standard” caldera collapse model. including the
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changing nature and position of the vent svstem.
whereas Walker puts the ‘standard’ caldera model
inio perspective by identifving significant deviations
from the standard model in many voleanoes. Fisher
and Schmincke (1984) have also given a compre
hensive summary of the characteristics of pyroclasue

flow deposits,




