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ABSTRACT 

'Ct.e cru3.!1ti tative evaluation of some thermal par~ 
:::eters ~~?ical of the volcanic areas characterized 

by f~,arolic activity has individuated a function g! 

-;e!1 by the ratio between the absolute value of ther 

sa.;. gradient and the radiance itself, whose hystogram 

=::a'::<i.es the volcanologist to monitor the situation of 

the~al transitory by comparing the data of two subse 

(TUcIyt surveys _ T~'i'O different situation of "anomalous" 

G:-t2..DSe is COI:s:.cered for the thermal power of condu~ 
tion; the one related to the change of power 'Ilith ra 

aius of the areas surrounding the fumaroles, the other' 

connected I-iit::-. a temnoral variation and directly dea 

ling -liith the :croper thermal transitory. Finally some 

considerations on the noticeable sensitivity of this 

"characteristic function" are expressed. 

1. INTRODUCTION 

In a previous pa[>er (9) it was proposed to study quantitatively the volcanic 

,~-2as characterized by secundary activity by monitoring the variations of four typ.:!:. 

:?~ oarameters. 
-:-:~e': are of energetic significance, i.e. the distribution of thermal barycentres, 

~~e total emitted nOwer and the hystograms of radiances and gradients. 

The experience so far achieved indicated that the temporal changes of these q~ 
?~.tities are little and sometimes difficult to be monitored, ",ith special reference 

-,-., the ones of baricentres and of total radiated power. 

An analysis carried out on a simple geothermal model which simulates a single 

:'c::::arole addressed the study to a characteristic function ",hose hystog
ram 

(or "phy 

sicgnomy") sho'ds the trend of the system to the stationarity or to the transitory. 
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2. THE PONER SUPPLYING THE RADIAL HEAT 

A volcanic area characterized by secundary activity can be represented by a mo 

del consti tuted by a grou!? of vertical cylinders "'hich are heated by vapours and g~ 

ses and surrounded by isotropyc material (Fig.1). 

The description of the temperature versus radius is given by integrating the Fourie 

r's equation 

dQ = - K 

where 

dQ 

k 

A 2rrxL 

T 

dt 

x 

aT A(x) dt 
d x 

heat along the x direction 

thermal conductivity coefficient 

area of cylinder with length L and radius x 

temperature 

time 

radial coordinate 

This equation can be written in terms of thermal conductivity power 

which ca::; be COTIst.'Olnt or func-tion of time as ",ell as of radius. ~'le have to consider. 

at least, these cases for the quantity 

Ne -,..;ill hereafter consider only the sim1)lest case of linearity 

a; P = 

b} p 

c) P 

a 

a + 
a + 

bx 

ct 

constant 

function of radius 

function of time 

The case a) represents the situation of stationarity. By integrating the equ~ 

tion i) where 

",here 

dQ = P = a, ",e obtain 
cit 

TM 
T 

H =..J?. =.3-
2n~L ZTlKL 

x 

temperature at the fumarole mouth 

temperature along the radius 

constant t~king into account the geometry and 

the physical properties of the hole 

radial coordinate 

radius of the heating cylinder 

The gradient is given by 

GCl() ::: ~ li 
c;\,x )( 

The relationship we would like to propose is given by ratio of the absolute va 

lue of gradient and the radiance: 
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The case b), which considers the conducting povler as a function of radius x, 

q~~es for T(x), G(x) and R(x) respectively 

Tcx) 

G "xl ,",, ; 

-. r\ ex:) 

b~· n:; 
-' 

::: T 

JT 
j, ;( 

- a ~~ ± b 
2.11 K L Xo IiTKL 

::: 
(a:rb.-2) 
2.1TKL!( 

::. a ::!. bx = - k Au) JT 
~l( 

(Xo-x) 

T::is Olse ::-e;::resents -she situation of linear variation of power conductivity 

... :=-:::: racL.s. ;,-" co;-;sic.er the simplest configuration of linearity J.Q::: P:::a±b)( 
.:At 

·.'-:-.ic~. ca:: ;:8 use(: to simulate the self silling (a+bx) and the dispersion of heat 

into account the temporal variation of the supplying power 

actual case of transitory. In the first approximation of be 

i~.:; the variat.io;, linear 'Ili th time we obtain 

JQ 
::: 

-;) 
-= 2- ±. ct L 

d t 

TCx) TM -
d -= c:: t 

== ZITI(L 

Gc<:)::: -
d ±. c: t 

'l. Tl Ie- LX 

!\U):::: ~) 
TU) 

= KACx)clT 
J x 

L X ..- c.:,,, st-
Xo 

d ± ct -'2 n K L 

The physiognomies of R(x) defined as the area interested by the same value of 

the function, are given for the three cases by: 
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c<) JA :: 
2TTX 3 (TM -1-1 t.., f.) 

~rz (Clr(~tx dT :2TI/("i + 'i'i'ikL. ;""";;0 - "an I<' \.. M 

~) 
ciA = - % [21TKl TI1 - d L f. :!:: b ex. -x11 "'(4- ± b f 
0\ R [ 2TT R L 'H - a..L.. 1'- :!: b (xo-X")r 

)(" 

J.A 211 /' (TM - J±bt,l.....!.) 
2rTkL "0 := 6) IT (c\ ± ht f -r ( d:!: bt f"t..3... +('1 ± l,t )TM 

Zllk:L 2lT~L Xc 2nKL 

It can be shown that the curve of equationOi)divides the plane into two regions, 

the one characterized by a positive increment of P with radius or "ith time, the ~ 

ther by the negative one. In particular the upper part of the plane divided by the 

curve is the one of the decreasing thermal transitory while the lower zone is occ£ 

ped by the para .. ;netric curves of the increasing transitory (Fig. 2) • 

This fact is of great importance. Namely, although it is practically impossible 

to j"'te=ine by geological or by geophysical way the stationarity condition for an 

",stual vo::"car:i,:; area, the comparison of two subsequent infrared surveys can indicate 

;:ne ger.eral therr:al trend of the system. 

C'i:e ocnsi:::2rations we have so far performed are valid to describe the thermal 

;:"'~i,:;-,.Tio'-'r ,:;f ,3.. 2ir .. :::1e source. I'le have to continue on our discussion analysing what 

:-:c.;::pens for a syst::cm of heating sources for the situations considered before. 

The actual distribution of fumaroles in an area characterized by fumarolic acti 

'rit'l; can :be sketci' .. ed with a system of grouped heating sources which induces at the 

:>'lrface t!'a 'distribution observed by infrared scanning. 

ConSidering a "ketch "'lith n sources of coordinates xi'Yi in the x, y plane, the value 

of surficial tem:->erature can be obtained by equaling the conducted heat to the emit 
ted one 

conducted power 

radiated power = 

., 
<: 

I ' V(X- X.i)2~ C,)-"J) 

'1\0- .. .l<JJT"t 

obtaining at the end the equation: 

T':.ro-f + i; r( L ('i -T) 

( Xi - X. ) 't ... (/.; - '7 )' 

II 

~. , . - i<; )") L (T~ - T) 

VCt.-K;)'I.-t- (Y-'J:)'I. 

The solution T (x, y) vlhich cannot be anali tically achieved serves to plott the 

curves of T, G and R physiognomies. 

i\ semiqualitative analysis can be useful to better understand shape and behaviour 

of the T, G and R physiognomies for a model like this. Consider we have n sources 

disposed on a regular network. The physiognomies referred to the group of "hot sp~ 

ts" look very like to the corresponding ones of just a single source, being simply 

a sum of the n contributions untill the circular area of influence surrounding each 

source has a radius so large to be overlapped one to another, generating "interacti 

1010 



::-_ H. This last fact appears a'i a relative maximum in the physiognomy of T pointing 

.:''::: the temperature value of the privileged percentage area. As far as an uniform 

:'.:.st~-ibution of sources is concerned the interaction happens for the lower radia.!1 

::2 values. On-the other hand if a general distribution is considered the relative 

~-.,,:.::'::''..l.f:1 -..,ill occur for an intermediate value of the radiance. This last case is the 

__ '" -,;e more frequently encounter in the actual volcanic areas. 

----- ---- -- ----,=-rr--- ---~ --- -- "!-

1= a transito:::-y takes place, which involves the vlhole area, the characteristic 

::''::::-'."",5 ;'"loves in the plane rotating around the origin (Fig.3). On the contrary if 

:''':5': a zone vlithin the whole area is going to,\,1ard a transitory, we will 

:::s",:::-ve a shift only in a part of the R physiognomy curve (Fig.4). 

As a sUil'.2ing up, tvlO are, at least, the aspects to be studied in respect with 

_ gi\-er:. area ",ir:.:.C::C sno-..,s a change in its thermal stability: the presence and pos! 

::io;-, of a relati78 ::'.aX:Ll1IU!1l in the T physiognomy and the rotation "ith time of the 

p:-,ysiognony of gr2.Eiens to radiance ratio. 

,,'""3O'e ar.d s'':DSec;-.:e~:: position of the R physiognomy describes the trent of the whole 

:':: ::::e sensitivit~- 0-: Lmctions "physiognomies" of T and R in respect with the par~ 
:-:-.e::e:::-s ::-,aximus :::-adia....-:ce at the flli'11aroles mouth Nm and thermal conductivity power P 

.. , ::: .: an ~,.;r it e : 

S . . ' "\.. (.) dA I h . f ) , t' h N ens:.-:::.';:.tI J:: p" N = dN x?~ ys~ognomy 0 N ln respec Wlt m 

a. "Ir: :'", 
~:-Ir-

r '" , v 
~ - SeY'~s~-:,,::, "-.' 

-:- :1" ._ --': 
cJ !:> 

= 

in respect with 

:: _ ( t; K L -+ 

P 
2 

fl TIll<:' L \ 
?' ) 

Ci.."'.:. physiognomy of gradient/radiance) in respect with 
dR 

f'<~'v'r~i _ H t.,X )'[-H'LK (\11_ k IJ",)] + \--\'IT[/(f>L - H.L... ~)~ 
'...J II 1'\ \. ,'I • .., to (..., .-.,- Ko. 

[j...!')..,...{""t" (\-t z - I;-\IJ",)] 
• ,.::j.:?I. 

4 - Sensitivi::::, of ?h{R)=~ in respect ~lith p 

:: 

,",2 can o!:>serve in both cases of dependence on Nm or on P, the higer sensitivity of 

~~e function ph(R), physiognomy of ratio between gradient and radiance. 

3. CONCLUSIONS 

The thermal infrared data gathered over volcanic areas in subsequent surveys 

2a~ be of great help in monitoring and distinguishing the trend of the whole zone 

~:::- of part of it. The repetition rate of the thermal measurement would range from 

~~_2 to some ",eeks depending on the type of volcanic phenomenology. A seasonal rep!::. 

:ition would any'tlay be a very powerful control expecially for monitoring the very 

s:::all variations by means of the * hystogramm. This last function shows the advant~ 
c2 of haVing a noticeable sensitivity in respect with the radiance of the hot spots 

2~c of thermal conducting power, enabling the volcanologist to detect spatial or tem 

~o~al variations even at very low level and close to the one of background. 
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- Simple geothermal model shm·,ing a vertical heating cylinder 

surrounded by an uniform medium, and the radiance distrib~ 

tion versus radius, the thermal conductin9 pOvler P being con 

stant. 
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~Q<o 
ct 

I 
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i 
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/ 

. _ -increasing 

transitory 

d 
dt 

- d 
dt 

x 

statio:'.arit·.-
dQ = 0 -
dt 

~Q> 0 
ct 

Fig.2. - 'If-:s ,~;.::::-ve of the function ~; divides the plane into t";;O zones, 

-cne one characterized by increaSing, the other by the decre2sing t::e:::-::::al 

t:cansi tf:ry . 
d dO The zo~es covered by the various configurations dt dt <0 

, . 1 d b th . t t' .c b' d dQ 0 . a1.:;o lnVO.'le- -:/ e Sl ua lons 0.:. elng dx dt < ann 

respecti ~lely ~ 
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Fi.·:;. 5 - Cd22 of thermal decreasing transitory involving the whole area 
(c.c;':ted lir;e) compared with the situation of stationarity which 
sno:.'ls the p;:esence of interaction. 
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Fig.4 - Case of transitory involving just a part of the investigated 
area. 'fhe level interested by interaction shmY's a "shift" 
whi Ie tvlO zones with increasing 1\ and decreasing transi tory 
B appear simultaneously. 
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