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The area of Mutnovsky and Gorely volcanoes is a part of the 
territory of Southern Kamchatka 70 km south of Petropavlovsk - 
Kamchatsky. From a structural-tectonic point of view it is in a 
junction zone of three heterochronous structures: a horst-anticlino- 
rium of Miocene age in the eastern part, the South-Bystrinsk uplift 
of Pliocene-Lower Quaternary age in the northern part, and the Tol- 
machevsk graben-syncline of Quaternary age in the western part. 

A most active development of these structures took place during 
the Pliocene-Quaternary time. Most intense manifestations of acid 
volcanism also took place during this period. The main eruption 
centres of acid material were associated with the central parts of the 
volcanoes and their edifices, as well as with areas subjected to in- 
tense block tectonic movements (Fig. 1). 

In the area described, acid volcanism associated with central 
structures resulted in the formation of Mutnovsky and Gorely vol- 
canoes, which are now in an active state. 

It is assumed that these volcanoes began their development 
during the Upper Pliocene and Lower Quaternary time. They are as- 
sociated with the intersections of submeridional and sublatitudinal 
faults distinctly established on the surface by zones of crush, minor 
rock displacements and smaller (as compared with the volcanoes) 
volcanic forms (slag cones, extrusions and fissure effusions of lavas). 

Acid formations on these volcanoes play a substantial role, each 
of them having of a different character. 

Mutnovsy volcano is represented by four merged cones the peaks 

* Paper  presented  at  the IAV In te rna t iona l  Symposium on Volcanology (New 
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of which are crowned by several large (up to 2 km in diameter) 
craters, two of which are active (Fig. 2). As a whole the structure can 
be classified as a compound strato-volcano consisting of bands of con- 
solidated lavas, tuff-breccia, tufts and pumices, their composition 

,F  F:q 4F:  

FIG. 1 -  Distr ibution terr i tory of acid volcanism and thermal  man i fes t a t ions  in the 
area of Mutnovsky and Gorely volcanoes.  

1. Location of the area on the terr i tory of Kamcha tka .  
2. Andesite-basalts  of the recent  cone of Gorely volcano. 
3. Basalts ,  andesi tes  and dacites of the old s t ruc ture  of Gorely volcano. 
4. Baked andesi tes  of the old s t ruc ture  of Gorely volcano. 
5. Basalts ,  andesi tes  and dacites of Mutnovsky  volcano. 
6. Basalts ,  andesi tes ,  dacites and liparites of Pliocene-Lower Quaternary  age. 
7. Recent dacitic and liparitic extrusions .  
8. Old dacitic and liparitic extrusions .  
9. Qua te rnary  fo rms  of plateau-basal ts  and of areal volcanism. 

10. Thermal  man i fes t a t ions :  
I. Thermal  mani fes ta t ions  in the cra ter  of Mutnovsky volcano. 

II. Severo-Mutnovsk hot  springs.  
III. Dachnye hot  springs.  
IV. Verkhne-Mutnovsk hot  springs.  

V. Vil iuchinsk hot  springs.  

varying from basic to acid. The main place in the sequence of the 
volcano belongs to andesitic tuff-breccia. Acid material is represented 
by minor extrusions, lava flows and pumices of an andesite-dacitic 
composition (Table 1). Extrusive forms are associated with radial 
faults on the flanks and separate sections of the craters, whereas 
lava flows and pumice bands with the top and bottom parts of the 
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sequence. Altogether all the acid forms of Mutnovsky volcano come 
to about  25 % of the structure.  

Gorely volcano consists of two big structures:  an old shield vol- 

FIG. 2 - W e s t e r n  p a r t  o f  M u t n o v s k y  v o l c a n o  w i t h  a c t i v e  c r a t e r s .  

cano, the top of which is crowned by a 13 km caldera, and a recent 
s t ructure  of the type of a composite strato-volcano (Fig. 3). 

The recent edifice is of a ra ther  interest ing structure,  it is located 
in the centre of the caldera, but  consists most ly  of basaltic and an- 
desite-basaltic lavas, which makes it unsui table for the present  paper. 

The old volcano occupies a ra ther  big terr i tory  of Southern  Kam- 
chatka.  Its gently sloping flanks can be traced nor thwards  up to the 
up-streams of Para tunka  river; in the north-east,  up to the up-streams 
of Zhirovaia river; in the south, up to the nor thern  flanks of Asachi 
volcano, and in the west, up to Tolmachev Dol. The volcano consists 
mos t ly  of lavas and pyroclastic mater ia l  of andesite-dacitic and da- 
citic composi t ion (Table 1). 

Andesite-dacitic lavas are not widely developed; they are exposed 
on the rims of the caldera and at a certain distance f rom it. The thick- 
ness of some flows varies f rom 3 to 20 m. Locally in the caldera the 
thickness of the lavas comes to 150-200 m. 
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The main role in the structure of the 
edifice belongs to pyroclastic deposits. 
They crown the sequence of the volcano 
and are mostly represented by ignimbri- 
tes, baked ruffs and pumices of an ande- 
site-dacitic composition (SiO2 60-64 %). 

In the walls of the caldera ignimbri- 
tes, baked tufts and pumices are found 
only locally. At a certain distance from 
the rims of the caldera they are observed 
everywhere; they cover the flanks of the 
volcano and the adjacent territory by a 
thick sheet 500 sq.km large. 

The thickness of these deposits over 
the area is uneven. On the rims of the 
caldera it varies from a few meters to a 
few tens of meters. Farther away from 
the caldera it gradually increases becom- 
ing on the periphery, especially in the 
river valleys, 200-250 m, and, sometimes, 
even 300 m thick. 

The sequence of these deposits is 
characterized by the following transitions 
in facies. A loose pyroclastic material 
with a predominance of pumice frag- 
ments is recorded in the lower part of the 
rock mass, higher up they are followed 
by baked tuffs and then by typical ignim- 
brites with fiammae. Locally, in the top 
part of the sequence there are accumula- 
tions of slag bombs of an irregular or 
round shape with a rough surface and of 
other debris, by their appearance remind- 
ing one of deposits of incandescent 
agglomerate flows (Fig. 4). 

In the central parts of the sequence 
the process of refusion and recrystalliza- 
tion is, sometimes, so far advanced that 
the pumice structure of ignimhrites dis- 
appears and the rock acquires a tuff- 
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lava appearance and locally becomes indiscernible from a lava. 
Such a facies relation over the area of development does not 

always remain the same. In some places there is a predominance in 
the sequence of ignimbrites and ignimbrite-like varieties, while in 
other places there are more baked tufts, and, in the third there is a 
predominance of pumices. There is also a variation in colour: from 
light and variegated to completely dark shades. 

Acid volcanism associated with block tectonics is recorded north 
and north-east of Mutnovsky and Gorely volcanoes. 

In the northern part of the area (upstreams of the rivers Levaia 
Karymchina, Paratunka nd Viliucha) acid forms are represented by 
extrusions and liparitic lava flows with a small amount of quartz and 
hornblende, as well as by pyroclastic deposits of a dacitic compo- 
sition (Table 1). Their thickness is 600-800 m; they form about 80 % 
of the sequence. Structurally acid forms in this locality are associated 
with the junctions of big blocks, which can be distinctly outlined in 
the given area. 

In the north-eastern and eastern parts of the area (upstreams of 
the rivers Zhirovaia and Falshivaia) acid forms are associated with 
the junction zone of the Eastern horst-anticlinorium and the Tolma- 

TABLE 2 - C h e mica l  c o m p o s i t i o n  of  f u m a r o l i c  ga se s  

N o  

No of  
s a m p l e s  

a n d  da te  o f  
s a m p l i n g  

No 8 

8/8-1964 

No 6 

8/8-1964 

No 10 

27/8-1964 

N o  36 

1963 

No 14 

1963 

Place  o f  s a m p l i n g  

V. M u t n o v s k y ,  N E  cra- 
t e r  2nd  f u m a r o l i c  f ield.  
N o r t h e r n  ac t ive  local i ty .  

V. M u t n o v s k y ,  N E  cra- 
te r  2nd  f u m a r o l i c  field.  
Cen t r a l  ac t ive  local i ty .  

V. M u t n o v s k y ,  N E  cra-  
ter .  Active vo lcan ic  fun-  
nel.  

Seve ro  - M u t n o v s k  h o t  
s p r i n g s .  W e s t e r n  g r o u p  
of  i s sues .  

Severo  - M u t n o v s k  h o t  
s p r i n g s .  E a s t e r n  g r o u p  
of  i s sues .  

ToC C o m p o s i t i o n  o f  vo lcan ic  
of  (in v o l u m e t r i c  

u m a -  
role H F  HC1 SO2 HzS 

95" 0,00 0,08 0,03 0,32 

112 ° 

480 ° 

96 ° 

96 ° 

0,001 1,72 0,43 1,30 

1,65 8,09 18,90 0,00 

0,00 0,30 0,45 4,14 

0,00 0,00 1,28 0,53 

Ana lys t  E. K. SE~U~IMOVA. 
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chevsk graben-syncline. On the surface this zone is represented  by  a 
number  of tectonic d is turbances  of a submer id ional  s tr ike and can 
be t raced f rom Mutnovsky volcano up to Viliuchinsk volcano (a dis- 
tance of about  50 kin). In its relief the zone is represented  by  a small, 
comparat ively  na r row subsidence of a graben type with an indist inctly 
expressed eastern edge of the graben. At the b o t t o m  of the graben 
and on its flanks there are badly  f rac tured  and differently al tered 
rocks, rnainly of an intermediate  and acid composi t ion.  

In the western flank (Dvugorbaia,  Skalistaia and Kamennaia  
mounta ins)  and on the preserved port ions of the ,, graben ,, floor 
complex intertwinings of acid and intermediate  rocks of a varying 
appearance  and age have been recorded in the less altered extrusives 
(Fig. 5). On some exposures  it was possible to trace that  the erupt ion 
of the material  took place, it is assumed,  in three stages: Pliocene, 
Middle-Upper Quaternary  and Recent, each of the stages lasting for 
a rather  long time, and, in some cases, the rock composi t ion  changing 
from andesite-dacites (SiO_, 60-65 %) to liparites (SiO2 70-77 %). The 
thickness of acid forms in this part  of the area comes to 300-400 m 
and takes up about  30 % of the entire rock rnass. 

By their ou tward  appearance and chemical composi t ion  the lavas 

in the  a rea  o1' M u m o v s k y  a n d  Gm'ely  vo lcanoes .  

gases  I n 
r~ercen precipi- 

ta te  
NH, g/I 

0,01 

0,03 

1,29 

1,29 

0,65 

0,015 

1 34 

5,25 

rlollt~ 

, lone 



FIG. 4 - Sequences in one of 
the me mbe r s  of baked 
rocks. Typical ignimbri tes  
in the bot tom part ,  which 
gradual ly  change into 
deposi ts  of incandescent  
agglomerate  flows. 

, tl ,l: t t ,  t , , ,  ~l  

. . . . .  = 

FiG. 5 - Ext rus ion  of hpari tes .  South-eastern  te rminat ion  of SkaIistaia mounta in ,  
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of old extrusions in this pa r t  and of  the flows (Dvugorbaia,  Skalis taia 
and Kamennaia  mountains)  are very similar to the lavas of the ex- 
t rus ions  and flows at the base,  in the lower and middle  par ts  of the 
sequence of Mutnovsky volcano, whereas  the younger  fo rms  of these 
mounta ins  are similar to the acid forms  developed in the c ra te r  and 
in the top parts  of the edifice sequence. 

FI~4. 6 - " r h e l ' n - l z . t l  manilestations in t l - tc crater o17 Mutnovsky volcano. 

Along with acid forms, there is also a wide develol~ment in this 
area of thermal manifestat ions of a varying nature.  Nearly all their 
issues gravitate towards  the extrusions of acid rocks, but,  inasmuch 
as they are developed on a terr i tory sub jec ted  to an intense b lock 
tectonics,  their position is determined by the intersect ion of di f fe> 
ently or iented faults. 

The greater  part of thermal issues - -  Severo-Mutnovsk,  Dachnve, 
(also called Skalistye), Verklane-Zhirovsk, and, possibly, Viliuchinsk - -  
are associated with the active zone of tectonic d is turbances  that can 
be traced north of Mutnovsky volcano. This zone includes also thermal 
issues from the crater  of the volcano (Fig. 6). 

Bv the character  of issues, all of: them, with the exception of 
Viliuchinsk springs, belong to the fumarolic  type, cach group being 
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represented by several localities occurring at different hypsometr ic  
levels. On some of them (Severo-Mutnovsk, Dachnye and Verkhne- 
Zhirovsk) all the transit ions are recorded f rom fumaroles of varying 
activity to hot  springs. 

A typical composi t ion of fumaroles  in the crater is characterized 
by the presence of HF, HCI, SO2, H2S, etc. In  the fumaroles of springs 
there are lesser amounts  of HF, HC1, CO2 and a higher share of H2S, 
NH~ and CH4 (Table 2). In all thermal  manifestat ions in the crater 
and in the springs CO2 predominates  over all other  gases. 

The chemical composi t ion of thermal waters in the crater is 
characterized by the presence of CI-, SO4 2- in the anion par t  and H ÷, 
Ca 2+, A13+, Mg 2+ in the cation part.  On the terr i tory of Severo-Mut- 
novsk springs the anion part  contains SO4 2- and the cation par t  NH4 +, 
AP ÷, Fe 3., Ca 2. and Mg2*; on the terri tory of Dachnye springs in 
addition to SO, 2- contain a certain amount  of HCO3, while in the 
cation part  there is a predominance of Na*, K + and Mg 2+. On the 
terri tory of Verkhne-Zhirovsk hot  springs, the role of HCO3 in the 
anion par t  increases even more. In the cation par t  there are virtually 
the same components  as on the terri tory of Dachnye springs with a 
certain increase in the amount  of Ca 2÷. The waters of Viliuchinsk hot 
springs are of a mixed chemical composit ion,  but  in general they ap- 
proach hydro-carbonate-alkaline springs (Table 3). 

At the points  of issue of fumaroles  and hot  springs the rocks are 
altered to grey propyllites, opal-alunitic varieties, kaoline and mont- 
morillonite clays under  the influence of HC1, H2SO4 and other acids. 
Very often nearly all petrogenetic components  except silica are evac- 
uated f rom the rock. In this way the area of Mutnovsk and Gorely 
volcanoes is characterized by the following main features. 

1. Wide deve lopment  of acid volcanism of two types ~ local, 
which is associated with volcanic structures,  and areal that  is asso- 
ciated with a disjunctive tectonics. In both cases the composit ion of 
the rocks changes f rom andesite-dacites to liparites, the first being 
mainly characterized by andesite-dacites established in deposits of ex- 
plosions - -  tuffobreccias, pumices and rocks baked to a varying ex- 
tent, sometimes up to ignimbrites; the second type is characterized 
by dacites and liparites in effusions of lava flows and extrusive for- 
mations.  
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2. Manifestations of acid volcanism in this area are intimately 
related to tectonics. The activation of certain tectonic zones and the 
effusion of acid lavas has been induced, apparently, by the same 
causes. This is indicated by complex relations existing between het- 
erochronous extrusive rocks and tectonic disturbances on the ter- 
ritory north of Mutnovsky volcano. 

The similarity of rocks in fissure effusions on the territory and 
of the effusions associated with the Mutnovsk volcano structure shows 
that during definite stages acid volcanism of both the areal and local 
type had a common source. (A common or similar magmatic centre). 

3. In the area ~nder discussion Goretv volcano occupies a special 
position. Being located in the western part of the .junction zone of 
the Eastern horst-anticlinorium and the Tolmachevsk grabensyncline, 
it is characterized by an eruption of a considerable amount of pyro- 
clastic material, which produced varied facies of baked rocks, in- 
cluding ignimbrites. The facies variety in these rocks, which differed 
mainly by their degree of baking and their co]our, indicates different 
deposition conditions and a varying heating of this material at the 
moment of eruption. 

The pyroclastic nature, the character of distribution and the as- 
sociation of the material with a definite centre of eruption (the Gorely 
volcano), as well as the volume, which is estimated approximately 
to be 60 km ~, indicate that the formation of the 13 km caldera is 
related to the ejection of these masses of rocks. 

4. Wide development of thermal manifestations of a fissure type, 
the nature ol: which changes from fumaroles of a varying activity to 
typical hot springs. 

Despite the fact that the issues of thermal manifestations are 
concentrated on a territory where acid volcanism of both types is 
developed, their position in the structural pattern and their genesis 
are mainly determined by tectonic conditions. In this base, both these 
manifestations and the extrusions of acid rocks are associated with 
the most fractured and periodically living parts of the zone of tec- 
tonic disturbances. 

5. The change in the chemical composition of thermal manifes- 
tations can, apparently, also be explained by the structural-tectonic 
and stratigraphic position of their issues. 
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a) In the most  active par ts  of the tectonic zone (in the craters 
(Mutnovsky volcano) and on the flanks of the volcano (Severo-Mut- 
novsk springs), where thermal  manifestat ions are directly connected 
with the magmat ic  centre by allegedly open canals and where effusive 
formations are predominant  in the rock sequence) there is a big 
amount  of HC1, SO~, H~S, HF- ,  CI-, SO4 ~-', H +, NH~ in the chemical 
composi t ion of gases and waters and a lesser amount  of other petro- 
genetic components .  

b) In less active parts  of the tectonic zone, where as resuh of 
an injection of viscous lava (acid extrusions) along the fissures, 
thermal manifestat ions are associated with magmat ic  centres by al- 
legedly closed canals. In the rock sequences there is a predominance 
of volcanic-sedimentary forms and in the chemical composi t ion of 
gases and waters along with SO~, H2S, SO42- and rarely CI-, the ap- 
pearance of HCO~ is recorded, its role increasing with a lesser activity 
of the localities and with a greater thickness of volcanic-sedimentary 
formations (Verkhne-Zhirovsk and Viliuchinsk springs). 

Most probably these phenomena  (acid volcanism and thermal 
springs) are two independent  ways of volcanic manifestations.  Judg- 
ing by the character  of issues, the scale, t ime and depth of effect 
on the surrounding rocks, thermal  manifestat ions (contrary to the 
existing opinion of their greater par t  being fed by the cooling of acid 
masses at depth) are absolutely independent  f rom acid formations.  
Thermal springs are supplied f rom deeper foci and at definite mo- 
ments  (during the activation of tectonic processes, a supply of new 
port ions of heat and (, fluid ,, with a higher tempera ture  up to 800- 
900°C). On their way to the surface they can melt  ,, granitic rocks ~, 
and, forming shallow peripheral  hearths, cause manifestat ions of acid 
volcanism with a very varied chemical composit ion of rocks (SiO~ 
from 60 to 77 %). 
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