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Prefaee

Volcanic rocks are important in compiling geological records because of their characteristic chemistry, relatively fast
accumulation and great variety; however, recognizable facies diversity may be useful for reconstructing not only the vol-
canic processes but also the eruptive environment where the volcanism take place. Volcanic rocks that are significantly
fragmented are important from a stratigraphic point of view and they can be used to study palaecoenvironments where
these volcanic deposits formed. The increasing importance of fragmental volcanic rocks in geological research is clear-
ly demonstrated by the increasing number of publications that have appeared over recent decades dealing with volcani-
clastic deposits and rocks. Different volcanological schools and associated textbooks have been published since the
1980s. Among the many that have become available four are of particular significance These are Fisher and Schmincke
(1984): Pyroclastic Rocks; Cas and WRIGHT (1987) Volcanic Successions; MCPHIE et al. (1993) Volcanic Textures; and
SIGURDSSON et al (2000) Encyclopedia of Volcanoes. The aforementioned are among the many textbooks that are wide-
ly accepted and used in volcanology courses at different levels. The volume Practical Volcanology, as a textbook, does
not intend to substitute any of the above books; rather, it tries to deal with volcanic geology from a slightly different
aspect from those already cited. Practical Volcanology is a direct result of a series of short courses offered for first time
in 2001 at the Geological Institute of Hungary, Budapest, primarily for geologists working in ancient volcanic terrains,
and their main aim is general mapping. In addition, these short courses also intended to draw the attention of undergrad-
uate students, postgraduates and research students who came across volcanic rocks during their research. The basic idea
of Practical Volcanology is included in a study guide and lecture notes which could be used as a self-standing guide for
interpreting volcanic processes and the resulting deposits and rocks. To take full advantage of this book a preliminary
geological background is necessary for the user, especially in the field of classic sedimentology, petrology and geochem-
istry. However, a limited background of geological knowledge would enough to get a basic idea of field-based volcanol-
ogy in its simplest aspects.

The book's main aim is to introduce basic field volcanology research from a theoretical point of view right through
very practical elements. The basic philosophy of the book is that, especially in ancient terrains, the volcanologist's basic
data is found through fieldwork, and they are looking for volcanic rocks, especially fragmented ones. This book intends
to demonstrate the link between the field subject, a volcanic rock and the volcanic process that may have formed that
rock. Such textbooks or study guides are relatively rare these days and often they are too detailed or complicated for
undergraduate students or interested amateurs.

This book consists of 8 chapters. Each chapter is fully referenced in order to give a very detailed guide to any user
and it clear where the individual citaitons/statements come from. This allows the user to go deeper into the scientific
problems such processes, deposits, or the relevant terminology itself. Each chapter is accompanied with figures widely
used and referred to in the international literature and there are full colour plates of textures, volcanic activity and the 3D
architecture of volcanic deposits. The figures and colour plates are fully explained and referenced. In addition, each chap-
ter has a locality map allowing the user to identify the site locations for future references. At the end of the book there
is a detailed glossary along with a collection of terms from widely accepted textbooks, articles, and web resources. The
book also contains a detailed index for quick search through the chapters for key volcanological terms.

The 8 chapters set a logical path from an introduction, a key of terminological issues right through to different vol-
canic processes. The first chapter deals with a short summary and referenced description of major volcanic terminolog-
ical systems. This chapter also gives a detailed insight of the usage of different terminologies and their potential for future
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research documentation. The second chapter is a detailed summary of active volcanism and its relationship to volcanic
deposits. This chapter intends to make clear the connection between active volcanism and the volcanic rocks that most
mapping geologists deal with in the field. The third chapter focuses on fragmented volcanic rocks. Beside its classifica-
tion scheme and a presentation of the common features of fragmented volcanic rocks this chapter provides a clear guide
about the information which can be obtained from fragmented volcanic deposits and rocks. This chapter also gives indi-
cations of the limitation the information with respect to its use for inferring volcanic processes and eruptive environ-
ments. The fourth chapter gives an introduction to volcanic facies analysis which one of the main goals of studying vol-
canic rocks in the field. Volcanic facies analysis is the basic tool for broad making interpretations and can be connected
to palaeoenvironmental reconstructions. The fifth and sixth chapters concentrate on summarising volcanic processes and
the resulting volcanic deposits and rocks which are associated with the two major types of volcanism on Earth: i.e. mono-
genetic and polygenetic volcanism. In these two chapters not only field examples are given but also a large collection of
young deposits and volcanic processes are examined to demonstrate clearly the connection between volcanic processes
and the resulting deposits and rocks. The seventh chapter deals with processes which act on volcanic terrains and which
can significantly modify the original primary volcanic landforms. Also in this chapter a basic concept - derived from
those few studies dealing with the topic - of the erosion of volcanic terrains is introduced. The eighth chapter gives a con-
cise summary of the potentially most widespread, but less known type of volcanism which occurs in subaqueous envi-
ronments. Probably in ancient terrains the majority of volcanic rocks represent deposits that may have formed in some
sort of subaqueous environment. In addition this type of volcanism has the potential to generate volcanic deposits that
can host valuable ore minerals.

The book is based on the expertise of two authors gathered over the past 15 years of their work in the field of vol-
canic geology. The authors have primarily used their own research data to demonstrate key features but where useful
these have been collated with other field information from other researchers. The majority of the field and textual data
has been provided by the authors. The figure collection is based on published and usually well-accepted research papers
or textbooks in order to facilitate the user's ability to connect their own work to individual researchers and their publica-
tions.

Practical Volcanology is a study guide which it is hoped will provide a good basis for developing short courses.

DRr. KAROLY NEMETH
Geological Institute of Hungary, Budapest

Massey University, Volcanic Risk Solutions, Palmerston North, New Zealand

DR. ULRIKE MARTIN
Geo-Zentrum an der KTB, Windischeschenbach, Germany
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Introduction

Volcanic eruptions can produce large volumes of coherent rocks and/or clastic debris. Volcanic rocks hence consist
of coherent ones simply solidified from a melt, and clastic ones that form through a wide range and combinations of dif-
ferent style of fragmentation, transportation and deposition processes. This diversity of processes maybe involved in the
formation of a volcanic rock naturally makes difficult to describe and interpret them. Since the late sixties a dramatic
advance has taken place in understanding volcanic rocks, and therefore a great variety of description and classification
schemes have been formulated. The classification of clastic (fragmental) volcanic rocks, generally named volcaniclastic
rocks, became a subject of debates and source of conflicting ways of dealing with their description and classification.
The basic problem in describing the volcaniclastic rocks is the need to find a balance between purely descriptive docu-
mentation of the rock/deposit itself, while concisely and consistently reflecting their volcanic origin. In past decades
many attempts have been made to find a middle ground. The other important problem in classification of volcaniclastic
rocks is to express their relationship with the primary volcanic processes and/or to distinguish clearly whether the
rock/deposit is of primary or secondary origin. This issue is complicated by the fact that many traditional rock names
carry genetic connotations for most workers. In this way, a “lapilli tuff” may be considered suggestive of a primary ori-
gin, and “mud” or “sand” would be suggestive of a “normal” sedimentary origin; this despite the fact that terminologies
in common use define these terms almost purely in terms of the grain-size characteristics of a rock/deposit. Volcani-
clastic rock terms in general apply to rocks consisting of volcanic fragments of any origin, and having any fragmenta-
tion, transportation or depositional history (e.g. FISHER 1961). Pyroclastic rocks are understood to be those consisting of
pyroclasts. There are at least two commonly used definitions of pyroclasts, however, which is a major issue in consistent
description of volcaniclastic deposits. Pyroclasts are defined by FISHER and SCHMINCKE (1984) as fragments entered to
the transporting media and to the depositional site through a volcanic vent during volcanic eruption-fed processes, e.g.
fragments that originate from volcanic eruptions or as a direct consequence of an eruption (FISHER and SCHMINCKE 1984).
Regardless of this definition, many workers define pyroclasts more specifically as particles formed only in explosive
eruptions driven by magmatic gas expansion (FISHER and SCHMINCKE 1984). This use of the term, however, is problem-
atic because many important volcanic processes that produce large volume fragmented volcanic rocks would not produce
“pyroclasts” of this sort, including pyroclastic flow deposits formed during gravitational collapse of a lava dome
(YamMaMmoOTO et al. 1993, CARRASCO-NUNEZ 1999, KELFOUN et al. 2000, ROBERTSON et al. 2000, HOOPER and MATTIOLI
2001, ELSWORTH et al. 2004).

Presently, there are four major line of genetic classification of fragmented volcanic rocks. One of the oldest and still
widely used terminological systems was introduced in the early sixties (FISHER 1961, 1966, FISHER and SCHMINCKE 1984,
1994). This is the terminology used in the book titled “Pyroclastic Rocks” (FISHER and SCHMINCKE 1984). In the late
eighties another significant work compiled new volcanological data and extended the usage of various terms largely
applying classification methods based on facies analysis schemes of the sort used in normal sedimentary environment
(Cas and WRIGHT 1987). This work is summarized in the book titled “Volcanic Successions” (Cas and WRIGHT 1987).
In the early nineties, urgent need generated a more logical genetic classification of fragmental volcanic rocks, based on
the transportation and depositional processes formed the volcanic fragments (MCPHIE et al. 1993). This work culminat-
ed in a book titled “Volcanic Textures” (MCPHIE et al. 1993). Now therefore there are at least 3 different terminological
systems widely used in the volcanology literature, causing confusion. Recent research, especially on explosive subaque-
ous volcanism (WHITE et al. 2003), magma—water interaction driven phreatomagmatic explosive volcanism (ROSS et al.
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2005, Ross and WHITE 2005b, 2005a, MARTIN et al. 2007), laharic systems (MANVILLE et al. 2002, SEGSCHNEIDER et al.
2002, MANVILLE and WHITE 2003) and research on volcanic mass-flow deposits (CALDER et al. 2000, LEGROS and MARTI
2001, RocHE et al. 2002, FREUNDT 2003, HAKONARDOTTIR et al. 2003, FELix and THomMAS 2004, LUBE et al. 2004,
SCHWARZKOPF et al. 2005, LUBE et al. 2007) highlighted the urgent need to unify the existing genetic classification of
fragmental volcanic rocks. Very recently a new terminology system has been suggested, which combines elements of the
previous classification systems into a simple and user-friendly terminological system (WHITE and HOUGHTON 2006) that
will be discussed further below.

Two types of name definitions now exist for volcaniclastic rocks directly resulting from volcanic eruptions as primary
volcaniclastic deposits, both predominantly based on the grain size characteristics of the rock/deposit. One uses terms
initially reserved only for pyroclastic rocks (FISHER and SCHMINCKE 1984), the other applies to all volcaniclastic rocks
initially a clastic sedimentological terminology (CAs and WRIGHT 1987, MCPHIE et al. 1993).

Before the existing and new terminological system are considered further, we outline basic textural characteristics of
fragmented volcanic rocks. These basic textural characteristics, alongside the grain-size distribution of the fragmental
volcanic rock/deposit are the main classification parameters used in classification of fragmental (clastic) volcanic rocks.

General components of volcaniclastic rocks

A fragmental rock is a mixture of different origin of clasts that came to rest together and form a deposit, and after
diagenesis, a rock (Figure 1.1, Figurel.2). These fragments can be in various proportions in a single fragmental volcanic
rock/deposit. Their proportion, composition and distribution patterns will make a specific rock texture, which is charac-
teristic for the fragmentation, transportation, deposition, and alteration history of the fragmental volcanic rocks. The
major fragment types of a fragmental volcanic rocks are juvenile fragments, accidental lithic fragments, and accessory
lithic fragments (FISHER and SCHMINCKE 1984, CAs and WRIGHT 1987, MCPHIE et al. 1993). This classification scheme
is widely used, though a new componentry classification suggested very recently divides fragments in a fragmental vol-
canic rock into juvenile, lithic and composite clasts (WHITE and HOUGHTON 2006). In the next section we describe the

Accidental (lithic) clasts Cognate (or accessory) lithic clasts
Accidental fragments derived from sub-volcanic basement| | Cognate particles arefragmented co-magmatic volcanic rocks
and therefore may beof any compaosition from previous eruptions of the same volcano
Mudstone from Miocene fluvi-lacustrine beds . Alkali basalt

LY

2

Phreatomagmatic

lapilli tuff

Halap diatreme

Bakony- Balaton Highland
Volcanic Field, Hungary

4 mm

1| Juvenile fragments/ / T~
Juvenile (essential) Juvenile (essential)  Juvenile (essential)
tachylite (pyrogenic) crystals sideromelane

Juvenile pyroclasts derived directly from the erupting magma and consists of dense or inflated particles of chilled melt,
or crystals that were in the magma pries to the eruption (pyrogenic crystals)

Figure 1.1. Application of FISHER and SCHMINCKE (1984) terminology for a pyroclastic rock from the Mio/Pliocene Bakony — Balaton
Highland Volcanic Field maar/diatreme remnant (same sample as on Figure 1.2)



Lithic clasts

Accidental (lithic) clasts

Clasts picked up locally
by pyroclastic flows or surges
Hard to recognize clasts in ancient rocks

Accessory (lithic) clasts l Cognate (lithic) clasts
Country rock that has been explosively ejected Non-vesicular juvenile magmatic fragments
during eruption r? Alkali basalt

Mudstone from Miocene fluvi-lacustrine beds f

3

Phreatomagmatic

lapilli tuff

Halap diatreme

Bakony- Balaton Highland
Volcanic Field, Hungary

1|Juvenile fragments/ \ A\ Crystals 2

Juvenile (essential) Juvenile (essential) - R .
. . ree crystals and angular fragments of crystals are
tHChy’l ite sideromelane released during the explosive disruption and

breakage of porphyritic magmas and juvenile fragments

Juvenile fragments derived fromthe erupling magma

Figure 1.2. Application of Cas and WRIGHT (1987) terminology for a pyroclastic rock from the Mio/Pliocene Bakony — Balaton
Highland Volcanic Field maar/diatreme remnant (same sample as on Figure 1.1)

two major traditionally used classification system of the componentry of fragmented volcanic rocks (FISHER and
SCHMINCKE 1984, Cas and WRIGHT 1987, MCPHIE et al. 1993). Later, under a separate section we describe the recently
suggested componentry classification scheme (WHITE and HOUGHTON 2006).

Juvenile fragments

Juvenile fragments (Plate I, 1) are considered to be derived directly from the erupting magma, and consist of dense
or inflated particles of chilled melt, or crystals that were in the magma prior to the eruption (FISHER and SCHMINCKE
1984). The juvenile fragments are commonly distinguished in accordance to their appearance. Such distinction in mafic
volcanism separates juvenile fragments into tachylite, sideromelane and crystals (FISHER and SCHMINCKE 1984). Tachylite
is a dark volcanic glass, charged with opaque minerals (Plate I, 2). Generally, the presence of tachylite indicates slow
cooling of the melt after fragmentation (e.g. aerial transportation system) (FISHER and SCHMINCKE 1984). Sideromelane
(Plate I, 3) is a chilled mafic melt, and therefore glassy, transparent (FISHER and SCHMINCKE 1984). Their presence indi-
cates rapid cooling, chilling, such as magma cooled in vigorous fire fountains (e.g. Pele’s hair) or/and contact with water
(FisHER and SCHMINCKE 1984). Depending on the timing of magma vesiculation, the sideromelane glass shards can be
vesicle free, or charged with various shapes and sizes of vesicles. Sudden cooling could also been reflected in collapsed
shape vesicles (TADDEUCCI et al. 2004) (Plate I, 4). Given its low viscosity, bubbles in basaltic melt collapse shortly after
fragmentation, and the presence of well-developed, round vesicles with thin septa in the sideromelane ash is more read-
ily explained if bubble expansion and coalescence was still in progress when the clast quenched (TADDEUCCI et al. 2004).
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Conversely, the lack of well-developed vesicles in the tachylite suggests that gas bubbles had already escaped from the
melt or collapsed when the particles quenched (TADDEUCCI et al. 2004). If partial crystallisation of the melt occurs more
or less at the same time as the magma is chilled, sideromelane can contain various amounts of microlites (small crystals,
typically lath-shaped plagioclase). The relative proportion of tachylite and sideromelane in clasts of a single rock sam-
ple can reflect the timing of magma fragmentation in relationship to the time of magma—water interaction, vesiculation,
and crystallisation (HOUGHTON and HACKETT 1984, HOUGHTON and SCHMINCKE 1986, WHITE 1991, 1996a, 1996b,
HouGHTON et al. 1999, NEMETH et al. 2001) (Plate I, 5). Juvenile clasts of more evolved magma compositions can be less
informative in regard of their cooling history from simple microscopic observation. Pyrogenic crystals (Plate I, 6) are
considered to be juvenile fragments in FISHER and SCHMINCKE (1984) and represent the crystal fraction of the crystalliz-
ing melt prior to fragmentation. In the classification of CAs and WRIGHT (1987) the crystals are defined as free crystals
and angular fragments of crystals that were released during the explosive disruption and breakage of porphyritic mag-
mas and juvenile fragments (Figures 1.1 and 1.2).

Accidental and accessory lithic fragments

Accidental (lithic) fragments defined by FISHER and SCHMINCKE (1984) are derived from the sub-volcanic basement
(Plate II, 1) and therefore may be of any composition (Figure 1.1). In the same classification scheme cognate (or acces-
sory) lithic fragments are defined to be fragmented co-magmatic volcanic rocks from previous eruptions of the same vol-
cano (Plate II, 2). In the Cas and WRIGHT (1987) terminology accessory lithic fragments (Figure 1.2) are defined to be
country rocks that have been explosively ejected during eruption. Accidental lithic fragments according to CAs and
WRIGHT (1987) (Figure 1.2) are clasts picked up locally by horizontal moving currents such as pyroclastic flows and/or
surges. CAs and WRIGHT (1987) define cognate lithic fragments as non-vesicular juvenile magmatic fragments.

Bedding characteristics

The most important bedding characteristic is the bed thickness. Widely

used bed thickness categories in volcaniclastic sedimentology are the same as ~ am¢ Thickness
for normal sedimentary deposits/r(?cks (INGRAM 1954) (Figure 1.3?. Th'inly Very thickly bedded > 1m

laminated to thinly bedded deposits are commonly associated with distal  Thickly bedded 30-100 cm
tephra successions or deposits formed from pyroclastic density currents (Plate ~ Medium bedded 10-30 ¢m
11, 3 and 4). Important classification categories commonly used in volcaniclas- 2;;1{}1?;&‘1@2 ded ?:;0 2;‘
tic sedimentology refer to the internal texture of the bed such as massive (e.g. Thickly laminated 03-1 em

no internal lamination, or other characteristic features such as grading, dish  Thinly laminated <03 cm
structures, etc.) (Plate II, 5) or weakly to moderately defined beds (Plate III,

1). These textural features carry important information about the transport  Figure 1.3. Bed thickness categories

agent, such as physical aspects of flow including rheology and particle concen- ~ Widely used in sedimentology after
INGRAM (1954) (in FISHER and SCHMINCKE

1984: p. 108, table 5-5)

tration. Bed continuity also an important classification parameter in volcani-
clastic sediments, which can be parallel bedded (Plate III, 2), strongly undulat-
ing (Figure 1.4), or dune-bedded (Figure 1.5). These types of bedding charac-

- i E= . = Byt A —e R f

Figure 1.4. Undulating tuff bed (see under the pen) from a tuff ~ Figure 1.5. Dune bedded lapilli tuff succession (upper part of the
ring erupted in 1913 in West Ambrym, Vanuatu. Pen is 15 cm  section) of a tuff ring erupted in 1913 in West Ambrym, Vanuatu.
long Hammer is 30 cm long

&
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teristics are also indicative of the physical properties of the depositing agents. The particles’ vertical distribution pattern,
expressed as grading in the deposit, can be very complex (Figure 1.6). The most common grading types are normal grad-
ing (Figure 1.7), reverse-to-normal grading and “pure” reverse grading (Plate III, 3). Because of the commonly complex
componentry of a volcaniclastic bed, grading can be complex in comparison to that in normal clastic sedimentary beds,
and is commonly reflected in density grading instead of strictly size-class-defined grading. This is especially common

Reverse grading

550520, 0000q
Socof | Bed
gjxo_a?ooq 000 0002
50D
‘?OZ’O Yo - L
5o0RO % : .
6§§:o'oq?.'_o- ) ol
05 15one ARSRT
G553
e |
E F

Density grading
(normal for lithics;
none for pumice)
Subaerial environ -
ment.

Density grading.

ment.

(normal for lithics;
reverse for pumice)
Subaqueous environ-

s . . "
iz
BEhT

c
Symmetric grading Symmetric
(Reverse to normal grading

(normal to reverse)

. Multiple reverse
grading

Multiple normal
grading

Figure 1.6. Typical grading types after FISHER and SCHMINCKE 1984: p. 109, fig.

5-19

in pumiceous pyroclastic densi-
ty current deposits. Cross-bed-
ding is especially important in
interpretation of pyroclastic
density current deposits’ physi-
cal properties, and their types
can be associated with the cur-
rent flow regimes (Figure 1.8).
Cross-bedding is an important
feature in pyroclastic density
current deposits of many types
(e.g. not important in block-
and-ash flow deposits, but very
important in pyroclastic surge
deposits of any type), but depo-
sition from traction during
strong current movement by
wind or aqueous currents can
also generate cross-bedding
(Plate III, 4). Sorting is a
description of the size distribu-
tion pattern of the deposit/rock
(Plate IV, 1), of the unimodal to
complex distribution of various
grain-size classes, in a single
deposit/rock. Well-sorted de-
posits/rocks have a well defined

RELATIVELY DRY

L S P,

Figure 1.7. Normal graded pumiceous lapilli
beds from the Taupo Volcanic Zone, New
Zealand. Individual bed starts below the peak
of the hammerhead

RELATIVELY WET

AND/ OR HOT FLOWS

Sediment deposition rate relative to transport rate

boiling point

—
AND COOL FLOW

progressive stationary regressive
bedforms bedforms bedforms
s
]
=
s
F

free
water

Decreasing temperature of surge

\

Increasing moisture content of surge

Figure 1.8. Types of pyroclastic surges bedforms and internal cross-stratification (after ALLEN
1982 in CAs and WRIGHT 1987: p. 215, fig. 7.42) as function of depositional rate and surge tem-

perature and moisture content
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Figure 1.9. Theoretical models of development of good sorting (after WALKER 1983 in CAs and WRIGHT 1987: p. 220, fig.
7.46)

clast population forming the major volume of the deposit/rock (Plate IV, 2). Poorly sorted deposits/rocks are those which
have a wide size range (Plate IV, 3). In volcanic deposits good sorting can develop in many way (CAs and WRIGHT 1987),

but well-sorted deposits are uncommon, and very poorly sorted deposits, particularly if only grain-size is considered, are
common (Figure 1.9).
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U.S. Standard Phi mm Wentworth National
Sieve Mesh (1922) Research
Council®
—12 4096
Boulder gravel VL boulders
—11 2048 C—
L boulders
—10 1024 [
M boulders
-9 512 _
S boulders
- 8 256
Cobble gravel L cobbles
-7 128 —
S cobbles
— 6 64
Pebble gravel VC gravel
- 5 32 —_—
C gravel
— 4 16
M gravel
5/16 - 3 8
F gravel
5 -2 4
Granule gravel  VF gravel
10 -1 2
VC sand VC sand
1333 0 1
C sand C sand
35 1 1/2 —_—
M sand M sand
60 2 1/4 —
F sand F sand
120 3 1/8
VF sand VF sand
230 4 1/16
Silt C silt
5 1/32
M silt
6 1/64
F silt
7 1/128
VF silt
8 1/256 -
Clay C clay-size
9 1/512 —
M clay-size
10 1/1024 e —
F clay-size
11 1/2048 _—
VF clay-size
12 1/4096
* VL=very large, L=large, M=medium, S=small, VC=very coarse,

C=coarse, F=fine, VF=very fine

Classification of volcaniclastic rocks
by grain size characteristics FISHER
and SCHMINCKE (1984)

For primary volcaniclastic deposits the
FisHER and SCMINCKE (1984) terminology
uses grain sizes as core terms, such as ash
and lapilli tuff. The basic core terms loosely
follow the major size divisions applied in
normal clastic sedimentology (WENTWORTH
1922) (Figure 1.10). Pyroclasts in the FISHER
and SCHMINCKE (1984) terminology are
defined as clasts formed in connection to
volcanic eruptions, i.e. clasts expelled
through a volcanic vent, without reference
of the cause of eruption or origin of frag-
ments (ScHmID 1981) (Figure 1.11). FISHER
and SCHMINCKE (1984) distinguish hydro-
clastic fragments from pyroclastic fragments
(the more-specific, use of “pyroclastic” —
see previous text). Hydroclastic fragments
are those formed by fragmentation due to
magma-water interaction. Volcanic frag-
ments formed by weathering of existing
rocks are defined as epiclastic fragments
(FisHER and SCHMINCKE 1984), though CaAs
and WRIGHT (1987, see below) use erosion,
rather than weathering, to define epiclastic
(see below). Fragments formed during
mechanical fragmentation of effusive rocks
are termed autoclastic fragments (FISHER
and SCHMINCKE 1984). Alloclastic frag-
ments in FISHER and SCHMINCKE (1984) are
those formed by disruption of pre-existing
volcanic rocks by igneous processes with or
without direct involvement of magma.
Differences between pyroclastic and epiclas-

Figure 1.10. Terminology and grain size terms
after WENTWORTH (1922) (from FISHER and
SCHMINCKE 1984: p. 119, table 5-7)

Clast size Pyroclast Pyroclastic deposit
Mainly unconsolidated: Mainly consolidated:
tephra pyroclastic rock
Bilock, bomb Agglomerate, bed of Agglomerate,
blocks pyroclastic breccia
or
bomb, block tephra
64 mm
Lapillus Layer, bed of lapilli Lapillistone
or
lapilli tephra
2mm
Coarse ash grain Coarse ash Coarse (ash) tuff
1/16 mm

Fine ash grain

(dust grain)

Fine ash (dust)

Fine (ash) tuff
(dust tuff)

Figure 1.11. Granulometric classification of pyroclasts and of unimodal, well-sorted pyroclas-
tic deposit after (SCHMID 1981) (from FISHER and SCHMINCKE 1984: p. 90, table 5-1)
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Pyroclastic® Tuffites Epiclastic Average
(mixed pyroclastic- (volcanic and/or clast size
epiclastic) nonvolcanic) (mm)

Agglomerate, agglutinate
pyroclastic breccia } Tuffaceous conglomerate, Conglomerate, breccia 64
Lapillistone tuffaceous breccia
(Ash) tuff  coarse Tuffaceous sandstone Sandstone 2
fine Tuffaceous siltstone Siltstone 1/16
Tuffaceous mudstone, shale Mudstone, shale 1/256
100% 75% 25% 0% by volume
(increase)
“ Pyroclasts
(increase)

—» Volcanic + nonvolcanic epiclasts (+ minor amounts
of biogenic, chemical sedimentary and authigenic
constituents)

Figure 1.12. Terms for mixed pyroclastic-epiclastic rocks after SCHMID
(1981) (from FisHER and SCHMINCKE 1984: p. 91, table 5-2). “a” — pyroclas-
tic terms according to Figure 1.11

Grairsize Pyroclastic fragments Name of Lithified
(mm} unconsolidated equivalent
aggregate
round and
fluidally shaped  angular
agglomerate agglomerate
coarse {bombs) {(bombs)
256 ~— —— o — — bombs blocks or or
fine pyroclastic pyraclastic
breccia breccia
6 ———————
lapilli lapilli deposit lapillistone
2 _______________________________
coarse
1116 ~————-——— ash ash deposit tuff
fine

Figure 1.14. Grain-size limits for proven pyroclastic fragments and pyroclas-
tic aggregates after FISHER (1966) (from CAs and WRIGHT 1987: p. 354, table
12.5). Compare diagram with diagram on Figure 1.11

clastite, granular-autobreccia or hyaloclastic or autoclastic sandstone

Blocks and bombs
>64mm

Pyroclastic
breccia

Tuff - breccia

75, 25
Lapilli-tuff
Lapillistone Tuff
100,0
64-2mm 25 75 <2mm
Loapilli 75 25 Ash

Figure 1.13. Ternary diagram represents mixture
terms and end-member rock terms for pyroclastic
fragments after FISHER (1966) (from FISHER and
SCHMINCKE 1984: p. 92, fig. 5-1). In ScHMID (1981)
classificat