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ABSTRACT

The definition of a volcano is discussed, and a new encompassing version is pro-
vided. The discussion focuses on the observations that volcanism is a self-similar pro-
cess that ranges many orders of magnitude in space and time scales, and that all kinds
of geologic processes act on volcanoes.

Former definitions of volcano, such as that from the Glossary of Geology (1997,
p- 690)—“a vent in the surface of the Earth through which magma and associated
gases and ash erupt” or ‘‘the form or structure, usually conical, that is produced by the
ejected material” are clearly insufficient. All definitions that we encountered tend to
consider volcanoes from the point of view of a single discipline, each of them neglect-
ing relevant aspects belonging to other disciplines. For the two cases mentioned above
a volcano is seen only from the point of view of eruptive activity or of morphology.

We attempt to look at volcano holistically to provide a more comprehensive defi-
nition. We define a volcano as a geologic environment that, at any scale, is character-
ized by three elements: magma, eruption, and edifice. It is sufficient that only one of
these elements is proven, as long as the others can be inferred to exist, to have existed,

or to have the potential to exist in the future.

INTRODUCTION

Figure 1 shows what everyone would unquestionably call a
volcano: an eruption in course. The meaning of the word volcano
has, however, slowly changed through time. During Roman times
it was the name of the god of fire (cf. Bullard, 1962; Sigurdsson,
1999), the son of Jupiter and Juno, who lived under the island
now called Vulcano, in the Aeolian Archipelagos north of Sic-
ily. Accordingly, the blacksmith work of the god Vulcano was
considered the energy source for volcanic activity, whereas the
eruptions were the smoke, sparks, and scoria produced during his
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work. The term later became used in a broad sense to indicate a
mountain that throws “fire.”” However, it is not the etymology of
the word that we are concerned with but its meaning, that is, the
nature of the thing that the word volcano indicates. Obviously,
whatever we call this thing, its actual nature and reality do not
change because of our definition; rather, the definition reflects
our perception and understanding of this reality. This is why an
appropriate definition is so important. Accordingly, Schmincke
(1986) observes that, since we do not know much about volca-
noes, their definition depends strongly upon the background of
the scientist giving it. Have we, in the past 20 yr, increased our
knowledge about volcanoes enough that we are now able to give
a more accurate definition? We would like to believe so.
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Figure 1. (A) Cerro Negro (Nicaragua) volcano during the Novem-
ber—December 1995 eruption. It is composed of an old cone made of
scoria and lava, with a new scoria cone and lava dome growing on it.
A hydrothermal system affects the style of eruptions. Volcanic mate-
rial fell on the city of Leon, some 20 km away, and the gas plume
extended over the Pacific Ocean. Faults formed on the cone in response
to magma motion, tectonic stresses in the basement, and gravitational
loading. The volcano deposits merge with those of the neighboring
strato-volcanoes, forming a complex volcanic setting. (B) Sketch of
Figure 1A with the “plumbing” system within the basement.

In fact, after a survey of the scientific literature about the
definitions that are given to volcanoes (see Table 1), it becomes
manifest that the past preference for brief definitions resulted
in incomplete, limited, or sometimes contradictory and incon-
sistent descriptions of the complex phenomenon of volcanism.
We conclude that we all probably have quite different percep-
tions of what volcanoes are—perceptions that, as Schmincke
observed in 1986, are invariably influenced by our diverse back-
grounds. This disagreement becomes particularly amplified in

the corollary definitions of the words volcanism, volcanology,
and volcanologist.

As we stated before, to be meaningful and useful, a definition
must reflect our understanding of the nature of volcanoes, and in
particular it should not exclude former definitions. Therefore, in
this paper, we first analyze former definitions of the word vol-
cano, pointing out facts that have become “common knowledge”
but that now appear to be at odds with these definitions. Then we
propose a new definition that, we think, reflects better our current
understanding of volcanoes without contradicting former defini-
tions. Of course we try to stimulate discussion by being provoca-
tive and perhaps also polemic. Thus, we expect disagreement.

Editor’s note: In the “References Cited” section at the end
of this chapter, many of the alphabetical listings depart from the
traditional listings by author(s) by beginning with the volume
titles of encyclopedias/dictionaries, in alphabetical order; fol-
lowed by the name(s) of the editor(s).

FORMER DEFINITONS OF VOLCANO

Perhaps the best place from which to start in describing for-
mer definitions is the Encyclopedia of Volcanoes (2000; Table 1).
In the more than 1400 pages of this volume, by all means a very
knowledgeable volcanic tome, we cannot find an explicit proper
definition of volcano, though in the introduction it is stated that
“volcanoes and their eruptions . . . are merely the surface manifes-
tation of the magmatic processes operating at depth in the Earth”
(p- 2). On the other hand, the same Encyclopedia states that “Vol-
canology is the study of the origin and ascent of magma through
the planet’s mantle and crust and its eruption at the surface” (p. 2).
Now, the original meaning of the term volcanology is the study
of volcanoes. Therefore, one could infer that either volcanology
has lost its original meaning or that volcanoes are the magma
that rises through the planet’s mantle and crust to erupt at the
surface—which is certainly in contrast with what most scientists
would think a volcano is. Some authors, in fact, would prefer the
term magmatology for what the Encyclopedia calls volcanology.

What the Encyclopedia of Volcanoes states is analogous to
the Roman myth of the god Vulcano, which focuses on the source
and mechanism of volcanism more than on volcanic products,
edifices, or successions; this definition has been (see, e.g., Cot-
ton, 1944), and probably is now, accepted by many petrologists.
Instead, we want to point out that the Encyclopedia’s definition,
by itself, indicates how volcanoes are in general not very well
defined and perhaps not well known. As Bullard (1962) states:
“to describe what a volcano is not is much easier than to give a
concise definition of what it is” (p. 8). Perhaps to avoid this prob-
lem, the Encyclopedia of Earth System Science (1992), in spite of
the impressive erupting volcano on the cover and the numerous
definitions of volcanic “things,” reports no specific definition for
the term volcano, nor for the terms volcanism or volcanology.

We have to open a parenthesis: the general understanding is
that during an eruption volcanoes emplace silicate rocks. In a few


http://specialpapers.gsapubs.org/

Downloaded from specialpapers.gsapubs.org on March 5, 2011

(penunuoy)

‘s|eliayew 004 8y} Jo
uone|nwnooe Aq Buluado ay) punoJte dn }ing urejunow
1O ||IY 8y} pue ‘@oBjNS 9y} 0JUO JOLdIUI S,YlEes ay}
wol} anss| ‘yioq Ajlelsauab pue ‘seb 1o 3004 usjow

*SOOUBD|OA JO 90USIOS dY | — yoiym wouj Buiuado 1o 9oe|d 8} Yj0q SI OUBDJOA Y PlEUOPOEN SO0UBOIOA 2.6
"OUBD|OA OljewBew e se|quiasal 1ey) pnw
‘aloydsowie “6'a ‘lelarew jo uondnia Auy (q) Jeusrew pajoale ayy (‘pe) uosyoer /661
‘euswouayd 8y} OJu| pue 8BNS SYleT 8y} OJUO PapNIIXe Aq paonpoud si ey} ‘[ealuod Ajlensn ‘@injoniis 1o Wwioy ("spa) /861
pue SaSNeD S} ‘WSIUBDJOA YHM 9JB PUE ISNJO 8y} OUI 8Sl4 Sased pajeloosse ay} ‘ose ‘idnie yse pue saseh pajeroosse pue ewbew UOSMOB[ pUE sajeqg 0861
s|eap ey} Abojoab jo youeiq ayL s} pue ewbew yoym Aq sessasoid ay| yoiym ybnouyy yueg ayl Jo 89euNnS sy} Ul JUaA () ('spe) le 1o Aien ABojosy) jo Aressol  2/61
'$9$$9201d 2lUBD|OAGNS "BOS 98U} MOJaq pue pue| Uo Yjoq ‘sjonpoid dluedjon YonaUaHomM
— pue olued|oA Bunesipul }Jdeouod [essusy) o uoidnid pue uoISNYd dy} WOl PYEaId JONIISU0D ay | SMeIn|y sayosibojoe) €961
«801Ips
"90BUNS 8y} OlUBJ|OA, BY} Pa||ed au0d & dn Buip|ing ‘Buiuado ay}
Jeau S|aA8| Ojul 8Sl S} 10 Yypes punoJe saye|nwnooe Ajjuanbaiy Juaa ayy ybnouyy payosle uondni3g ul
ay} Jo 9oepuns ay} uodn ewbew [eLafew ay | "ylea ay} Jo 90BUNS By} YIM ‘YHEd du} ‘A1oay ui
jo uondnia 8y} yum sieap 40 1snJo 8y} jo yidep sy} Ul ‘ewbew, Se umouy| Jajew ‘AI01SIH Ul
yolym 9ouaIos JO Yyoueiq ay | — ua)joW JO JIOAISSAI B S}08UU0d Ydoiym Asuwiyod 1o Juan pJe|ng SO0UBDIOA 2961
‘spioy ‘Jiesu
|eaisAydoab pue ‘|eoibojowsies ewbew ay} ul sassadoid [eojwayo0aisiyd
‘leaibojoliad ‘|eoluolos} ay} Aq paonpoud Ajurew ‘ewbewodAy ayy Jo
u| saInjes) pajejal Jo ose saljadoid pue ul sessaoold ate Aay] "seseb
INg ‘yreauaq Jey Jou S|aAd) 10 B}08fo JO suoljeuewWS SE ‘G)E]S pasiadsip e *do} ay} Je Jajeld e yum adeys Ui [eojU0D SSI| IO
Ul J0 ‘@dens s,yies ay} uo ul J0 ‘eAe] Jo uoisnye 1o ewbew jo suonoslul aJow ‘urejunow e Buiwlioy Ajlensn ‘(uuewply 'y) ised
ewbew jo suondnis Buiealy se ‘aje}s 1oedwod e uj [elayew onewbew ay} ul paldnie sey Jo sjdnie yidap ay) wouy [eLisyew INJejoUsWON
Ajrewd aoua10s Jo youelq ay | 4O 8Sl 8y} Yum pajosuuod euswouayd ||y onewbew alaym yles ay} Jo 9oeuns syl je aoeid v (pa) JexoapIeeIyos [eolbojoe  6S6|
'0}8 ‘SMOJ} BAB]| ‘SH00. OJUBD|OA "JuaA e ybnoiy) yues ay) Jo Jousiul 8y} woiy pajosle
‘SOOUBD|OA JO UONBW.IO) 8y} ul Bunnsal s[euarew ay} Aq dn 3jing usaq sey yoIym ureyunow EELIETIS
“euswouayd 91UBDJOA YiMm $9s5900.d [BINJRU [[B SBpNn|oul A|LIeUIpIO W8} V 'g ‘onss| 0}0 ‘saseb olued|oA ‘sjelaiew ofsejoolAd pajejay pue
Buneas} 8ousIo0s Jo youelq a8yl ay ‘Auoiues|on {Auaioe 1o Jamod oluedjop ‘eAe| US)JoW YOIYM WO} ISNIO S,Uliea 8y} Ul JUsA Y | ('spe) ‘e 1o ||]omoH ABojoap) jo Alessoly  /G61L
‘uoisnJjul
1o uonoalul snoaubl jo sassaedold pajess swio4 adeospue
— -1adaap ay} jo uonelsayluew [eadns ay | — uonon Se SO0UBD|0 Y61
"WSIUBD|OA ‘leayew uajow jo ybnouayy naxbnel 2961
S9IpPN}S ey} 92UBI0S BY | Buiyeaiq ayr yum pajeroosse euswouayd ||y — uuewy Iyl pun aueyINA  9E61
"ewfBew ay} JO UOIBWIOUOD ‘ewbew ‘1no Buiwoo aie 1o awod aaey sjonpoid
ay} pue asu ay} jo Apnis ay | JO asl1 8y} 0} pajejal Ajpoalip euswouayd ||y SH pue ewbew ay} aloym aoepns s.ypeg ay} je aoe(d v HIOM snwsiueyinpJed  vL6L
"0, 000} 48A0
9 UeD 9ouUBIaYIp ainjeladwa} ay] eale Buipunoiuns
8y} Jo 1eys ueyy Jaybiy yonw ainjesadws) e ‘Uolyse} anbjuesjon
Juauew.ad Jo JIWLYIAYL B Ul ‘@AsIyoe Ued ainjeladwa} uoslejeyxa,|
— — ay1 a1aym aqo|b ay} Jo aoepns ay} uo aoeld unig Ins sayolayoay 1161
"JSNJO By} JO 80BNS By} JO JOLBIUI 8U} 0} apJ3
paliodsuel; a1e ype3 ay ul desp wouy Buiwod Jap uabunuiayosiy
— sassew o|luaAn| yaiym ybnoiy; euswouayd ay | — Japlauyos uayosiuey|nA aiq 1161
‘}snJo pibu-8109
pINj} JO UOROBIBIUI BY} WO} dreulblio Jey) pue
ype3 ay} Jo Jouslul 8y} wolj Buiwod s82.o} aisouboan)
— JO suOlje}SajUBW By} pue euswouayd ay} ||y — uuewneN Jep yonquye 8581
"90BHNS pUB }SnJO S} Jsurebe
— 10ue|d e JO suonoeal By} ||e JOo d0Uasse ay | — ploquiny | sowsoy  Sy8l
ABojoued|on WISIUBD|OA OUBD|OA Joyny/ioup3 ENR Jes\

SVIA3dOTOAONT ANY ‘STIHYSSOT19 ‘STIHVYNOILOIA ‘SH00d J1D0T0ID NI ANNO4 ADOTONYITOA ANV ‘NSINVOTOA ‘ONVOTOA 40 SNOILINIZIA NOWWOD “+ 31avL


http://specialpapers.gsapubs.org/

Downloaded from specialpapers.gsapubs.org on March 5, 2011

(panunuoy)

‘S|elslew papiwe
8y} JO UolEINWNOOE 8y} 0} BUIMO BInjoRI) B8Y) BAOCR

‘wisiiewbew 0} JusjeAinba jou s| Wsiuedjop pue punoJe sw.oj jey} (Jealuod Ajjensn) urejunow
‘AiAnoe onewbew ay) o) parejal Ajoalip ssa| 1o oy "edeuns sy 0} Joudlul S,yie] ay) wouy sassed
aJ0w suonelsajiuew pue euswouayd jo 18s syl ewbew ay} yoiym ybnoiys 1snio s,yie sy} Uo ainjoel) ouelase)  1JowalId] d lUBJINA 9661
"}SNJD S,YlIEd 8y} JO SSauyeam
Jo 80e|d BWES 8y} Ul Pa}eIIUSdU0D Uda] aARY Jey}
suondnia Ag paoe|dwa smoj) eAe| pue s|je} eiydal SUBD|OA SOp
— — JO uone|INWINooe 8y} AQ JjINg 821JIPa 8} S OUBDIOA Y dueled pue Anbue| opuow 9|1@ BUIF] 9661
"MoJaq
2U0Z Ja}Joy 8y} WO} SPUSIXe YdIym I1snio s,yued ayl
ul Bujuado ue ybnouyy peydnis selsew jo pasodwod uononpou|
— — ureyunow Jo |jiy padeys-auod e Ajjensn s| OUBd|OA ypeos Uy :S90UBDIOA  +661
'sjonpo.d snoaseh
10 ‘pinbi| ‘pIjOS JO 80BLNS BY} 1B UOISSIWS dy} aAoadslod
ybnoJy} sesseo0id [ewlay} [eulsiul Jo a)||eres "JolI81UI By} WoJ} Arejaueld v
— 10 Jaue|d ® JO 90BJNS BY) 1B uonelsajiuew ay| Joueld 8y} Jo adeLNs 8y} Saydeal [elaiew YoIym je a)is slouel4 'SO0UBD|IOA €661
[SERIIETRIS
une3 pljos au} jo
— — — ('spa) '|e 10 Aareayy eipadopAoug ayl €661
‘yues ERIVETRIS
8y} Jo 80euNs ay} ojuo sydnia (3004 usyow) ewbew wolsAs yueg
— — usym apew aJe Jey} SWIOoJpuE| 8y} 81 SOOUBD|OA (‘pa) BiaquaiaiN jo eipadojpAous 2661
"assydsowe ay) ojul pue ‘lelsrew
"WISIUBD|OA 90'lNS 8y} ojuo pablieyosip ale pue Jousdul pajjedxa ay) Aq pawi.o} 8injonJis [ealuod Ajjesauab syl
yum pajeroosse euswousyd s,yes ay) woly dn asi seseb pajeroosse ‘2 'pojjedxa aie sjellajew pajeloosse s}l pue ewbew ABojouyos] pue
pue sasneo ay} Jo Apnis ay | s} pue ewbew yoiym uj sassaoold ayy jo Auy  ydiym ybnoly) 80euNns s,ypes sy} Ul 8INSSI) 1O JUBA Y " | (‘pe) suop eousIog Jo Aleuonolq 2661
"Jo}em Japun Jo Jre
By} Ul ypea ay} Jo 9oBUNS 8y} yoeas yoiym ‘syonpoud
— — onewbew Ag pawJoy ‘edeys [eo1u0d Jo ‘[elauab ul ‘JaleY assnose] puel /861
‘) Buinib isnusios sy Jo
— — punoibxoeq ay) uo Buipuadep juaiayip SI UolULBP By L LIRS SNWISIUBYINA 9861
‘HNpUod
ay} Ag dn 1ybnoig S4004 DIUBDJOA BUj} JO UOISNIIXS JO
B1IS U} SI YoIym ‘I8}eld B punoJe (SIapuid pue ‘oeliods
‘S300|q J0/puUe SeAe| 8y} JO Uoie|NWNooe ay} Aq
pawLIo}) 8UOD DIUBD|OA B Sapn|oul Ajjeiauab oued|oA
"SH00. DlUBD|OA BWO0I8( SBAB| 8y} ‘Bulj00d Jayy G661
"JoyeM a8y} mojaq Jo punolb sy uo Jayye (syeueld ay) 2661
“euswouayd JO 1O ‘UOOJ\ 8} JO J10) }SNJD S,yue ay} Jo 8deuNs ay} ("spa) albojoon) 8861
"SOOUBD|OA JO APN}S 8yl  PaleIo0SSE pUB SUOIB]ISS)IUBW JIUBDIOA JO 189S  yoeas saseb joy pue (ewbew us}jow) SeAe| 81aym 82e|d  }noey pue }neono- op aleuuondlq  $861
I
Jadaap e pue 8oBUNS S,ylled ‘20BYNS S}l Mojeq AjojeIpawiwil
8y} 1e yloq euswouayd sy 10 0} JolBlUI S,ylJes ay} wodj s|elalew Jo 'solse|00JAd Jo/pue SeAe| JO uole|NWNdde
pue sasneod s} ‘WSIUBD|OA UYlim Jaysuel) 8y} Ul paAjoAul Buawouayd adeuns ay) o'l 4eyeld B punose sjonpold OlUBd|oA Jo aInjejousWoN
s|eap 1ey) A6ojoab Jo youeiq syl ayl yum pajeloosse sassaoold Jo ayebalbbe ay | uolje|nwnooe 8y} woJj dn }ing ureiunow 1o |y v (‘pa) HouliN |eaibojoe) 0861
ABojouedjon WISIUBD|OA ouBd|OA Joyiny//Joup3 oL Jeap

(penupuo)) SYIA3dOTOAONIT ANV ‘SIIHVYSSOTD ‘SIIHYNOILDIA ‘SHO0E 21D0T10ID NI ANNO4 ADOTONVOTOA ANV ‘INSINVOTOA ‘ONYITOA 40 SNOILINIZIA NOWNOD “+ 3TavL


http://specialpapers.gsapubs.org/

Downloaded from specialpapers.gsapubs.org on March 5, 2011

‘d LLL ‘LA ‘BelisA U3 pueuIpIa ‘WEBHMIS [SNWISIUBYINA 18d ‘v 161 “A'd HIOM

'd /2 ‘s90UBI0S 18 WY ‘INdlIPT 1018pIQ ‘Slied :SUBDJOA S9p apuowW 9] 18 BUIT ] ‘9661 O ‘@ueled pue O “Anbuel

'd g/g ‘uieg :api3 Jop usbunuieyosig uayosiueynA ald ‘LL6L M ‘4eplouyos

'd $91 ‘Yeyos|jesabyong ayoleyoSUSSIAA ‘IPEISWIBQ :SNWSIUBYINA ‘9861 “N-"H ‘©Youlwyds

‘d g/2 ‘ssaid 1DN ‘UOpUOT :UOIONPOIIU| UY :SBOUBDIOA ‘Y66 Y ‘ULUEIS

"d GOE ‘SUOS B ABJIM HOA MON ANAROY JIBY L PUE SBOUBDIOA ‘2961 'V ‘UUBWNIY

'd 8g| ‘Belop axug pueulpiad ‘LebRNIS :Nexbie | 81yl pun SUBNINA ‘9E6 | 'V ‘UlBWINY

'19-99 "d ‘Bizdie :e1souboar) Jep yongiys ‘gS6 1 ‘4D ‘uuewineN

'd QLG ‘|leH @onuald ‘Aesiap Mo ‘spilD pooma|Bug :SE0UBDIOA ‘261 VD ‘PIBUOPIEIN

'd 60z ‘uebuign L 'n LEBINIS 1| SOWSOY ‘GH8L “A'Y ‘IPloquinH

'd €962 ‘G 'A ‘@ssnoJe] ‘slied :/86| ‘©ssnoJse pueln

‘d gge ‘einiisu| [eo1bojosn) ueduawy “O'q ‘UoIBUIYSEA (('PB) Al IIPMOH ‘LG6 | ‘S9ouBIos pajelay pue ABojosy) jo Alessoln

'd 69/ ‘@Inyisu| [eoibojoan) ueouawy ‘elulbli ‘eupuexaly ((‘pa) "y ‘uosxoer ‘2661 ‘ABojoay) jo Aressoln

‘d g8/ ‘@nyisu| |eo1bojoan) ueduswy ‘elulbiiA ‘eupuexaly (‘'spa) ‘Y[ ‘UoSYoer pue 'y ‘sejeg ‘/861 ‘ABojoaY) jo Aresso|n

'd |G/ ‘enisu| [eoibojoan) ueduawy ‘elulbiip ‘yainy) sjied ((‘spe) "y ‘uosoer pue ‘Y ‘saleg ‘086 ‘ABojoar) jo Alessoln

'd G08 ‘emnyisu| [ea1bojoan) ueouBwYy “O'Q ‘UolBUIYSEAA (("SP8) 1D ‘HOM PUB ‘P 'Y ‘@ajyoN “IN ‘AeD ‘zz61 ‘ABojoan) jo Aressoln
'd epg ‘Bepop 9xug pueulpiod ‘LeBRNIS :(Pd) "H ‘BISMeIN|N ‘€96 | ‘'YONISHIOM SayosiBojosn

'd 0%S ‘HOY(IN snuiepy ‘spuepiayiaN au} jo A1100g Buluipy pue [eo16ojoan) [eAoy :("pa) "' I9SSIA ‘0861 ‘@iniejouswop [eo160]0a5)

'd £2G “A’N U00Z U UliNPIOON °f ‘WBYoULIoL) ‘SpuelayiaN 8yl o A18100g Bululjy pue [eo160j0ar) [eAoY :(*Pe) "D'V'V 18X08pIajeIyos ‘666 | ‘@injejouswop |eoibojoan)

'd gy ‘ssaid uopuaie|) ‘pIoXQ :oAndadsIad Alelaue|d Y :SOOUBDIOA ‘€661 ‘d ‘Sloueld

'd /11| SSald dlwapedy ‘YIoA MaN :('Sp8) ‘|8 18 “4'g ‘uoybnoH “"H ‘uosspinbiS ‘000Z ‘Se0UBD|OA Jo eipadojohou]
'd g1/ ‘suonedlignd OYHuUBIoS [[am0e|g ‘UopuoT I('Pd) "Ud hesesy ‘€66 L ‘S90USIOS YT PIloS By} JO elpadojoous
'd G/ ‘v A ‘SSald Olwepedy NIoA MaN :('p8) V' M ‘BlequalsiN ‘2661 ‘@ousiog weisAs yued jo eipadojoAoug

‘d g€ ‘uossel ‘slied :('spa) 4-r ‘Ynoey pue “y ‘Yneanod ‘Gee L ‘@160]j09y) ap aireuuondiq

'd gge ‘uossel ‘stied :(‘spa) 4-r ‘Ynoey pue “y ‘Yneano ‘266 ‘©160j09x) ep alreuuondiq

'd gGg ‘UoSSEI\ ‘slied :('spa) 4-[ ‘Ynoey pue 'y ‘yneono- ‘gge | ‘@1bojosr) ap alieuuondiq

'd /€ ‘uossel ‘sied :('spa) 4-r ‘Ynoey pue “y ‘Yneanod ‘y86 | ‘@160]j09x) ap aireuuondiq

'd 914 SQWIO] 3 8QUIOD}IYAA ‘UOPUOT :SWI04 8deospueT Se Se0UBD|OA ‘by6 ] V"D ‘UON0D

'd gz ‘euel[el 8yoIRUBIOS UoISIPT ‘IJ0deN HOWSII8] S IUBJINA ‘9661 T ‘ouelese)

'd Ly ‘ssald sexa] Jo AlsiaAlun ‘unsny :uondni3 ul ‘Alosy] ul ‘AI0ISIH Ul SOOUBDIOA ‘2961 “INH ‘Pieling

'd G/2 ‘s|i4 3 uuewliaH ‘sed :enbiuedjoA uosiejeyxg,| INS sayoIayoay ‘L 161 Y ‘unig

'd gepg ‘ssald dlwapedy ‘YIoA MaN :('ps8) "D ‘SO ‘2661 “ABojouyos] pue 8ousl0S JO AleuondIq SSBld dlWapedy

:s90UBI9jeY
"1SIX8 0}
[enuajod 8y} aAeY 0} JO ‘PaISIX dARY O} ‘ISIXd 0} Palidjul
ale s1ayjo ay} se Buo| se ‘uanoid si sjuswale asay}]
JO 9UO AJUO Jey} JudIdIYNS S| 3 "edlIPa pue ‘uondnie 8002
‘ewbew :syjuswale payull 8aiy} Aq paziieioeleyo si 0}
"SOOUBD|OA JO APN}S 8y "OUBD|OA B UlIM PaJeID0SSE $8s$9204d JO 18S 8y ‘aleos Aue je ‘jey) Juswuoliaus 2160j0ab e S| OUBD|OA W MOM SIYL 0002
"aoepns Alejaue|d ay) e
s)isodap OIUBD|OA JO UOIFRW.O}
ay) pue ‘uondnie pue Jodsuely
J19y} ‘sewbew Jo uonnjons
[eaiwayod pue [eaisAyd ay; yum
s|eap ABojoUBD|OA "80BUNS BY}
Je uofdnia sy pue }snJd pue
apuew s,aue|d ay) ybnoay} ‘yue ayy ul yidep
ewbew jo jusose pue uiblio 1e Bunesado sassaoo.d ojewbew ay) Jo uoleisajiuew ('spa) S90UBD|OA
ay} Jo Apnis ay) sI ABojoued|on — aoeuns ay) Ajaiaw ate *** suoidnia Jiay} pue S80UBD|OA ‘e 18 uosspinbig jo eipadojohoug 0002
ABojoued|on WISIUBD|OA OUBD|OA\ Joyny/ioup3 DR

(penupuo)) SYIA3dOTOAONIT ANV ‘STIHVYSSOTD ‘SIIHYNOILOIA ‘SHO0E 21D0T0ID NI ANNO4 ADOTONVOTOA ANV ‘INSINVOTOA ‘ONYOTOA 40 SNOILINIZIA NOWNOD “+ 3TavL


http://specialpapers.gsapubs.org/

Downloaded from specialpapers.gsapubs.org on March 5, 2011

6 Borgia et al.

cases these rocks can be carbonatitic (as Oldoynio Lengai in Tan-
zania; cf. Le Bas, 1977), sulfuric (as on lo; Lopes-Gautier, 2000),
icy (as on the icy satellite and Triton; Geissler, 2000), clayey (as in
many terrestrial mud volcanoes; Macdonald, 1972), or of just about
any kind of rocks (as in many terrestial phreatic or hydrothermal
explosions with no direct involvement of magma; cf. Macdonald,
1972). Also in these cases the word volcano is used, adding imme-
diately before, the kind of erupted material (e.g., mud volcano).

Surprisingly, an eruption may create no volcanic edifice, in
the hypothetical case of the erupted material being completely
dispersed in the atmosphere and/or rapidly eroded away. This is
why, perhaps, the classic definition of volcano remains general
(Glossary of Geology, 1997, p. 690): “(a) a vent in the surface
of the Earth through which magma and associated gases and ash
erupt; also, the form or structure, usually conical, that is produced
by the ejected material; (b) any eruption of material that resem-
bles a magmatic /sic!] volcano.”

In fact, the much older definition from Geological Nomen-
clature (1959) may, by intuition, seem more adequate to many
geologists: “a place at the surface of the earth where magmatic
material from depth erupts or has erupted in the past, usually
forming a mountain, more or less conical in shape with a cra-
ter at the top” (p. 223). Note that (in contrast to the definition
given just above) here the crater, equivalent to the vent, is the
last feature to appear, as if it is not so essential. A more recent
edition of the same dictionary reports a definition of volcano that
makes no explicit mention of magma or eruptions (Geological
Nomenclature, 1980, p. 106): “a hill or mountain built up from
the accumulation of volcanic [sic!/] products around a crater, i.e.
the accumulation of lava and/or pyroclastics.”

A definition that is a combination of the former ones is given
by the Dictionnaire de Géologie (1995): “a place where lavas,
molten [sic/] magma, and hot gas reach the surface of the Earth’s
crust (or that of the moon, or of a planet) either in the air or below
the water. By cooling, these lavas give volcanic (or effusive)
rocks. A volcano generally includes a volcanic cone (the accu-
mulation of lavas and/or blocks, scorias and ash) surrounding a
crater, which is the place of exit of the volcanic rocks [sic!] that
rise through the conduit.”

We could spend much longer presenting the quite varied set
of definitions published in the scientific literature (Table 1). As
can be easily seen, all these definitions maintain some degree of
inaccuracy and dependence on the background of their authors.
Given the substantial increase in knowledge about volcanoes that
has been achieved during the past decades, we believe that these
definitions tend to be now inadequate and need some form of
integration. Indeed, a volcano is far more complex than what is
implied by each of the definitions.

GENERAL OBSERVATIONS ON FORMER
DEFINITIONS

The definitions in the scientific literature fall, in general,
between three end-member headings: rising magma (cf. Schnei-

der, 1911; Bullard, 1962; Encyclopedia of Volcanoes, 2000),
eruptions (cf. Wolff, 1914; Glossary of Geology and Related
Sciences, 1957; Glossary of Geology, 1997; Francis, 1993), and
volcanic edifice (cf. Geologisches Worterbuch, 1963; Geologi-
cal Nomenclature, 1980; Tanguy and Patane, 1996). Obviously,
petrologists will tend to like the definitions that focus on the
magma, geophysicists the ones that focus attention on the erup-
tion, and structural geologists and stratigraphers the ones center-
ing on the edifice or the deposits in general; other specialists will
endorse definitions somewhere in between. This is why, in addi-
tion to some internal inconsistencies, all definitions appear to be
generally unsatisfactory.

Even the simple, early definition of Brun (1911) that a vol-
cano is a hot spot obviously misses some major aspects. Indeed,
our perception is that mass and momentum transport in a volcano
are as important as transport of thermal energy.

For instance, to criticize the most common definition of
volcano reported above (Glossary of Geology, 1997), one may
observe that the first part of the definition should include the
feeding conduit in addition to the vent, and possibly the eruptive
plume as well. In addition, to be polemic, the use of the words
“surface of the Earth” excludes most terrestrial volcanoes that
form below sea level or beneath glaciers (making them intru-
sions) and all planetary volcanoes, which are not terrestrial! Also,
a vent formed during a phreatic eruption, which by definition has
no magma, could not be considered a volcano. For the second
part of the same definition, all “volcanic” intrusive bodies are
excluded, such as dikes, sills, magma chambers, and cumulate
complexes. In addition, are the volcanic deposits that remain
after erosion has taken away parts of the original edifice still to
be called a volcano? Also, are the volcanic deposits produced by
the various kinds of edifice collapse still part of the volcano?

Another major deficiency of this and all other definitions is
that they ignore the hydrothermal systems, which are an integral
part of all volcanoes (at least on Earth). In fact, all books on vol-
canoes include chapters on the hydrothermal system (cf. Mac-
donald, 1972; Encyclopedia of Volcanoes, 2000). In addition, are
the non-eruptive volcanic processes, such as volcanic spreading
(cf. Borgia et al., 2000a) and the interaction between volcanic
edifice stability and basement tectonics (Lagmay et al., 2000;
Tibaldi, 2005) part of the dynamics of volcanoes?

Even if we accept standard definitions, more problems arise
in defining simple geometric parameters of volcanoes: how is the
volcano radius or height measured? Is the radius measured to a
basal arbitrary break in slope, to the edge of the lava fields, or
to the distance at which volcanic deposits remain continuous?
According to the standard definition of volcano the radius should
be to the edge of the ejected deposits, which usually is time depen-
dent and far beyond the distance of any “reasonable” radius. In
the extreme, a volcano that erupts deposits over the whole surface
of the Earth has the shape of a spherical shell, not that of a cone!

How is the height of volcanoes measured? Is it the thick-
ness of the volcanic pile, and if so, where is the lower bound-
ary? Is it measured from the level of the basement rocks, which
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“hopefully” are non-volcanic, or is the feeding conduit included
also? What about volcanoes that overlap, such as in Hawaii?
Here the height of each single volcano is practically impossible
to determine. Not surprisingly, Volcanoes of the World (Simkin et
al., 1981) reports no dimensions for the listed volcanoes.

A PROPOSED NEW DEFINITION

Before we propose what we think volcanoes are, we would
like the reader to ponder two other aspects of volcanoes, which
are usually not stressed enough. First, consider the diversity of
geologic processes. Clearly, all processes, properly scaled down,
in addition to volcanism, occur on volcanoes: from chemical and
clastic sedimentation to erosion, from dynamo-thermal meta-
morphism to rock-water interaction, from earthquakes to giant
landslides, from volcano-basement interaction to regional geo-
dynamics controlling volcano structural evolution, from death to
life. No other geologic environment is so inclusive.

Second, consider the aspect of scale. Large volcanoes, Etna
for instance, are commonly made of the superposition of volcanic
cones (the “Concazze” and “Il Piano” centers that are the most
recent, among the many others; Calvari et al., 1994). These, in turn,
have smaller cones on their edifice (like the “cratere di nordest” or
the “cratere centrale”; Chester et al., 1985) on which are the actual
eruptive boccas. In fact, volcanoes range in size over at least 4-5
orders of magnitude, from meters to hundreds of kilometers, the
largest volcanoes always including smaller ones. Their life span
may range from hours to millions of years. In addition, as volca-
noes grow in size, they tend to change from the generally asym-
metric single volcanic deposits, to the radial symmetry of stable
scoria cones, to the pseudoradial symmetry of small spreading
stratocones like Concepcion (Borgia and Van Wyk de Vries, 2003)
or Etna (Borgia et al., 1992), to the bilateral symmetry of the large,
spreading shield volcanoes like Kilauea (Hill and Zucca, 1987).

In this view, the leap forward in scale to spreading mid-
ocean ridges should not be unexpected, and it is intriguing
(Borgia and Treves, 1992). Indeed, all of the definitions of
volcano given in Table 1 apply to mid-ocean ridges as well.
They are simply very large volcanoes, so large and massive that
gravitational pressure overcomes the rock strength at their base
(in the asthenosphere), making them relatively “flat” sectors of
spherical shells. Volcanoes of that mass could have only that
shape. This fact should not disturb us: There is more difference
in size between a scoria cone and Mauna Loa than between
Mauna Loa and a mid-ocean ridge. Indeed, the stratigraphy,
structure, and processes occurring in the Hawaiian rift zones are
frequently compared to those of mid-ocean ridges (cf. Hill and
Zucca, 1987; Borgia and Treves, 1992). A similar relationship
between volcanism and tectonics at planetary scale may also
hold for Mars and Venus (Borgia et al., 2000b; Borgia and Mur-
ray, this volume) and for the asteroid volcanism, which gener-
ally involves the whole body (Wilson and Keil, 1996).

Indeed, T.A. Jaggar and A. Rittmann considered volcanism
ubiquitous within and beneath the Earth’s crust (Rittmann, 1936).

In a quite figurative fashion, A. von Humboldt (1845) viewed vol-
canism as “the essence of all the reactions of a planet against its
crust and surface,” an opinion shared also by Naumann (1858).
Similarly, we think that the Earth itself may be considered a self-
organizing, self-stratified giant volcano (H. Shaw, 1995, written
commun.), so big and so weak that the gravitational pressure
collapses it into an orbiting “spherical” planet (Borgia, 1994).
We remark that this statement is nonexclusive; other disciplines
may have a similar claim without weakening our proposal. It is
no surprise, then, that all the geologic processes that occur on
a planet are found, properly scaled, at the size of each volcano.
Small scoria cones and planets are the volume end members of
the same general process: the interaction and feedback between
gravitational, thermal, and chemical fields on matter. We observe
that, up to now, the cutoff between these two end members has
been too drastic. As usual, we may well benefit from dropping
our old, textbook ideas.

In view of the above, we are forced to accept that volcanoes
are not simple geologic “objects” like crystals, strata, faults, or
fossils. Indeed, they are analogous to complex geologic environ-
ments, perhaps like sedimentary basins or orogens. Thus, we
need a definition that will tend to stress a context much broader
than the usual one. Accordingly, we propose that

Volcanoes are geologic environments where magma, generated at a source
within the crust or mantle, flows upward and is subject to varying amounts
of physicochemical evolution, intruding and reacting with the encasing
rocks and other magma, and originating a geothermal system. Once near
the lithosphere top (that is, of a major rigid-fluid, high-low density zone of
interface) the magma erupts, piercing the interface. Volcanic deposits are
accumulated from eruptions giving rise to a volcanic edifice. In turn, these
deposits may become intruded or modified by magma, eruptions, geother-
mal fluids, tectonics, erosion, landsliding, and all other kinds of geologic
processes. The boundaries of this environment (volcano) are frequently
time dependent, transitional, ill-defined, or unknown. However, work-
ing boundaries can be based on different arguments using factors such as
geometry, morphology, and structure.

Of course, we would like a less baroque and more down-to-
earth definition. Therefore, we may state in short that

A volcano is a geologic environment that, at any scale, is characterized
by three linked elements: magma, eruptions, and edifice.

It is sufficient that only one of these elements is proven, as
long as the others are inferred to exist, to have existed, or to have
the potential to exist. Here we use the word edifice to indicate
all the various geomorphic expressions of volcanoes, including
negative features such as calderas and maars.

These definitions may be easily applied to “volcanoes’” made
by materials different from magma, such as sulfur, ice, mud, and
in principle any fluid, only if a direct analogy between them and
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“magmatic” volcanoes is acceptable. In this case a more gen-
eral definition can be easily obtained just by substituting, in the
short definition above, the word fluid to the word magma. Con-
sequently, we think that the corollary definitions of volcanism
as the set of volcanic processes, and volcanology as the study of
volcanoes, may still be considered quite adequate.

CONCLUSIONS

We realize that the new definition of volcano may require
adjustment after broader discussion. However, we think that it is
now closer to what volcanoes really are: highly complex geologic
environments. It stresses the fact that volcanoes belong to a wide
range of scales in time and space and that they are dynamic envi-
ronments—not systems, which have well-defined boundaries—
where all kinds of geologic processes act on the rising magmas,
the eruptions, the volcanic edifices, and their basements. There-
fore, a volcano cannot be limited to the volcanic edifice proper,
but must include its basement at least up to where volcanic pro-
cesses, such as (but not limited to) intrusions, geothermal activ-
ity, metamorphism, and edifice-basement tectonic interactions,
occur in it. Obviously, our definition does not require unique
(rigid) geometric boundaries, which will be better defined on the
basis of the studies conducted for specific volcanoes.

This definition has one other important consequence: all geo-
logic disciplines should be applied to and integrated in the study
of volcanoes. Therefore, sarcastically, since volcanoes (volcanic
environments) may extend to planetary scales, volcanology, as it
is thought of today, should not exist as an independent discipline
because it is only a scaled down geology. Inversely, and we are
certainly biased toward this view, geology could simply be called
volcanology, so that volcanologists could continue to exist!
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