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INTRODUCTION

In recent years many rhyolitic and dacitic sheets, including
some in Idaho, have come to be recognized as ignimbrites instead of
the lava flows they were formerly thought to be, As their true
nature is revealed, although their exact mode of origin remains in
doubt, the great usefulness of ignimbrites in structural and strati-
graphic studies has become apparent, For this reason they are the
object of an increasing amount of research, To help the geologist
who may be looking for references in this field, this bibliography
has been prepared,

Ignimbrite as used here means "a nonsorted pyroclastic deposit
of probable Pelean or nuee ardente origin," It is used as a rock
unit and not as a rock type., An ignimbrite may be composed of tuff
or tuff-breccia, and it may be welded, partially welded, or entirely
nonwelded,

In addition to listing papers in which such rock units are des-
cribed or mentioned, I have included in this bibliography references
in which the possible mechanism of emplacement of ignimbrites is
discussed, Any eruptive mechanism that involves a turbulent gas
cloud and/or a gas-lubricated pyroclastic flow is considered a nuee
ardente or glowing cloud,

I am aware that some students of these interesting rocks--
especially some American students--do not accept ignimbrite and nuee
ardente as useful terms, 1In light of the nomenclature controversy
which exists, objectivity would require that this circular be
titled, "Bibliography of Nonsorted Sheet-like Volcanic Rock Units,
Some of Which Grade from Tuff into Lava=-like Rock, and of the Erup-
tive Mechanisms by Which They May Have Formed,"

31? save the patience of other bibliographers, to avoid which-
mire in title and text, and because of personal preference, I
have chosen to use ignimbrite and nuee ardente as defined above,
though others may prefer the terms welded tuff and ash flow,

l/Fbr an illuminating discussion of this hazard see Thurber,
Jey 1931, Ladies' and Gentlemen's Guide to Modern English Usage,
in the Owl in the Attic, Universal Library edition, p. 105,
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HISTORICAL OUTLINE

Dr, Zirkel thought the pumice fragments in the Nevada rhyolite
he was studying under his microscope were welded together, He said
so (1876, p, 267), thus becoming the first geologist to use the word
welded in the description of a rock type whose origin has become a
subject of increasing interest and controversy since his pronounce=
ment in Leipzig over 80 years ago, Strangely enough, the welded
pumice fragments, the microlenticular structure, and the shivered
crystal fragments that Zirkel so clearly described in the Nevada
rhyolites collected during the Fortieth Parallel Survey seem to
have aroused no suspicion in his mind that he might not be dealing
with flow rocks, despite the fact that several years before he had

noted £7th tuffaceous and flow features in some New Zealand rhyo=~
lites, !

|

It remained for J. P, Iddings (1899, p, 404), again using the
word welded, in his descriptiong ,of Yellowstone rhyolites, to formu-
late the first clear hypothesi designed to explain the presence
of both pyroclastic and liquid flow ﬁeatures in a single rock unit,
This he did by supposing that a gas=charged lava flow under certain
conditions might vesiculate so violently at and near its surface
that it would form glass and pumice fragments which thereafter might
be compressed while yet hot enough to fuse or weld together, 1In
what appears at first glance to be a restatement of this hypothesis,
ten years later (1909, p, 331), Iddings omitted the vesiculating
flow idea, proposing merely that hot glass fragments may fall
together and become welded into a2 mass that may then flow and harden
into a firm rock, The change is perhaps significant in view of the
great volume of literature which had appeared in the intervening
decade on the nuee ardente eruptions of Mont Pele in Martinique,

The Pelean outbursts provided géologists with a possible
explanation of the puzzling features of those volcanic rock units
which seemed to grade from lava rock into tuff and which, locally or

2/in Hochstetter, 1864, Reise der Frigate Novara. Geologie
von Neu-Seeland, p, 111-116, i

3/Abich in 1882 had already put forward a froth-flow hypothesis
for the Armenian tufflavas, Even ea lier, von Fritsch and Reiss
(1868, Geologische Beschreibung der gnsel Tenerife, p, 420-422) had
attempted to explain the eutaxitic structure and foreign fragments

in some Canary Island rocks as the result of partial remelting of
a tuff or agglomerate, j




3=

overall, shared the characteristics of both rock types.ﬁ/ Within a
few years following the Martinique eruptions, rocks in Wales (Dakyns
and Greenly, 1905), France (Boule, 1905; Glangeaud, 1918), Germany
(Volzing, 1910), Japan (Yamasaki, 1911), and Italy (Zambonini,

1919) were interpreted as deposits of Pelean origin,

Many geologists remained unwilling to extrapolate the Pelean
phenomena to cover the origin of large rhyolite and dacite sheets,
After the interpretation in Pelean terms of the Katmaian "sand flow"
by Fenner (1920, 1923), however, realization began to spread that
puzzling features of the large acidic sheets might be explained by
a nuee origin, In New Zealand the sheet rhyolites of North Island

A/For interesting descriptions of rocks which were later inter-
preted as ignimbrites, see:

Abich, H,, 1882, Geologische Forschungen in den Kaukasischen
Landern, II. Geologie des Armenischen Hochlandes, I, West=-
halfte: Vienna, A, Holder, 162 p,

Burbank, W, S., 1932, Geology and ore deposits of the Bonanza min-
ing district, Colorado: U, S. Geol, Survey Prof, Paper 169,
166 p,

Diller, J. S., and Patton, H. B., 1902, The geology and petrography
of Crater Lake National Park: U, S. Geol, Survey Prof, Paper
3, 167 p.

Fritsch, K. von, and Reiss, W,, 1868, Geologische Beschreibung der
Insel Tenerife: Winterthur, Verlag von Wurster, 494 p.

Park, J., 1887, On the Upper Wanganui and King Country: New Zealand
Geol, Surgey Rept, Geol, Explor, during 1886-87, no, 18,
pP. 167~182,

Park, J., and Rutley, F,, 1899, Notes on the rhyolites of the
Hauraki Goldfields (New Zealand): Geol, Soc, London Quart,
Jour,, v, 55, p, 441-469,

Ransome, F, L., Emmons, W, H., and Garrey, G, H.,, 1910, Geology and
ore deposits of the Bullfrog district, Nevada: U, S. Geol,
Survey Bull, 407, 130 p,

Rutley, F,, 1900, Additional notes on some eruptive rocks from New
Zealand: Geol, Soc, London Quart, Jour,, v, 56, p, 493-510,

Sollas, W, J., and McKay, A,., 1905, Rocks of the Cape Colville
Peninsula, v, 1, 2: Wellington, Gov't, Printer,

Weyl, R., 1936, Stratigraphie und Tektonik der Grundgebirgsgrenze
zwischen Kinzig und Elz in Mittleren Schwarzwald: Bad, Geol,
Abh,, v, 8, p, 46-126,
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were named ignimbrites (glowing cloud rocks) by Marshall (1932, 1935)
who assigned a Katmaian eruptive origin to them. Interestingly
Marshall was preceded in such an interpretation by Ferrar (19313,

who had cited the Katmai parallel, and to some extent, by Henderson
who, in 1913, had described a rock unit with flattened glass lenses
in which the smaller fragments were fritted together, and as well by
Morgan (1924), who had suggested that the peculiar features of this
same rock type "are best explained by supposing that the individual
fragments were all extremely hot, and semi=viscous, or in part

quite viscous, when they fell."

The early (1905-1919) publications on rocks interpreted as
Pelean deposits were all in foreign publications, most of them not
readily available to American geologists, Belated stimulus for
recognizing such deposits in the United States, as in New Zealand,
was given mainly by Fenner's series of papers fpublished in the
Us S., beginning in 1920) on the Katmaian "tuff-flow," but also by
the arrival of Howel Williams at the University of California;
Williams, fresh from work on the Snowdon volcanics of Wales, brought
a new approach to the explanation of American pyroclastic deposits.,
From the University of California, in subsequent years, came one of
the most comprehensive and informative papers on a Pelean deposit
yet written (Gilbert, 1938), as well as the first stratigraphic use
of a known ignimbrite to correlate widely separated rock series
(Anderson and Russell, 1939),

Throughout the Western United States, the 1930's were the
pioneer decade of ignimbrite study. C. S. Ross reported briefly on
the ash-flow deposits of the Valles Mountains in New Mexico (1931);
Moore (1934) recognized pumice-flow deposits near Crater Lake and
published size-analysis histograms that illustrate the striking con-
trast in sorting between deposits of pumice flow and those of pumice
fall (in the same year, Kozu distinguished between pumice-flow and
pumice-fall deposits at Komagatake in Japan, and Richards and Bryan
recognized the Brisbane tuff of Australia as an ignimbrite); Fuller
described welded pumice in Oregon (1935); Mansfield and Ross found
highly welded tuff extending over a considerable part of southeast
Idaho (1935); and Fenner recognized welded tuff in the Yellowstone
Park rhyolites (1936, 1937, 1938), 1In 1940 Lonsdale made the first
published mention of welded tuff in west Texas.

Since the 1930's many papers have been written describing
ancient Pelean deposits; they have been found in every continent

except Antarctica, and are known to range in age from Precambrian
to Recent,

LIMITS OF THE BIBLIOGRAPHY

With a few exceptions, only works in which deposits are con-
sidered to be of Pelean origin or in which the Pelean phenomena
themselves are specifically mentioned have been included in this
bibliography, By this criterion many articles of profound interest
on deposits later interpreted as ignimbrites are excluded, whereas
several of considerably less interest (but which contain mention of
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such deposits) are included, Exceptions to the 1limit stated are:
(a) the classic papers by Zirkel (1876), Iddings (1899, 1909),
Henderson (1913), and Morgan (1924), in which welding or fritting

of pyroclastic material is mentioned or clearly implied without the
invocation of a Pelean origin; and (b) papers in which a nuee origin
for rocks with ignimbrite characteristics is deliberately rejected
in favor of some type of liquid-flow origin,

Descriptions of historic nuees ardentes and discussion of this
eruptive mechanism are included because observation of nuees has
greatly facilitated the interpretation of ignimbrites, Some students
of the problem of ignimbrite origin, however, hold the nuee obser=-
vations to be a misfortune instead of a boon, since the difference
in origin of the sheet ignimbrites as compared to the deposits of"
observed nuees may be one not only of degree but of kind. No one,
for instance, has seen a nuece of anything like the size which would
be required to produce an extensive ignimbrite, Furthermore, nearly
all of the historic nuees have issued from volcanoes and have left
andesitic deposits whereas most of the sheet ignimbrites probably
erupted from fissures and are in the rhyodacitic composition range,
On the other hand, the published statement that no historic nuee
has ever produced a welded deposit=-used to support the argument
that welded ignimbrites are of different origin from deposits of
historic nuees-=is in error because the Agatsuma nuee deposit
(formed at Asama in Japan in 1783) is in part welded (H. Kuno,
personal communication),

Incidentally, the reader who seeks out the literature cited
here will find what I call nuees ardentes referred to not only as
nuees but as sand flows, tuff flows, ash flows, pyroclastic flows
and glowing avalanches; and the resulting deposits are known vari-
ously as ignimbrites, welded tuffs, sillars, or by the name of the
eruptive mechanism (tuff flow, ash flow, even nuee ardente),

This bibliography does not include theses, although some theses
would certainly be of more value to the re§7arch worker in ignim-
brites than are some of the papers listed,

§/Outstanding among theses on ignimbrites are the following:

Boyd, F. R., 1957, Geology of the Yellowstone rhyolite plateau:
Harvard Univ, Ph,D, thesis, 134 p,

Martin, R, C,, 1957, Vertical variations within some eastern Nevada
ignimbrites: Univ, Idaho X.S. thesis, 86 p.

Sewell, C, R., 1955, Igneous petrology of Candelaria area, Presidio
County, Texas: Univ. Texas M,A, thesis, 127 p,
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Papers on volcanic mudflows (lahars and 1adus);§/ volcanic
breccias of vulcanian or of flow origin; airfall or waterlaid tuffs
and tuff-breccias are not listed, I have also eliminated popular or
semi-popular accounts of the Pelean eruptions and of the Valley of
Ten Thousand Smokes and I have not included theoretical papers on
the solubility of water in magmas, on the mechanics of ash formation,
and the like, unless they contain specific references to nuees or
similar erup%ive phenomena,

In summary, this bibliography includes all papers which have -
come to my attention on the rocks called ignimbrites, welded tuffs,
or tufflavas, and on the mechanisms by which they are supposed to
have been produced,
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