Chapter 23

Synonym. Zhupanovskaya sopka, Vakhul'skaya sopka.

Location. Coordinates of the highest point: 53°35'N, 159°17'E.

ic position. The volcano is located within the southeastern
volcanic belt of Kamchatka. It is associated structurally with a
northwestern fault aligned with a chain of Quaternary volcanoes
of Dzenzursky-Zhupanovsky volcanic ridge.

Geology of the basement. Dislocated and metamorphosed, vol-
cano-sedimentary strata of the Cretaceous-Paleogene basement
outcrop in the east and southeast 20-30 km from the volcano where
they are 600-700 m above sea level. The Cretaceous-Paleogene ba-
sement underlies Miocene volcanic units belonging to the first
stage of the volcanic formations. The volcanics vary in terms of
their facies and composition, showing intrusions of gabbros and
diorites. The strata are dislocated due to dome-building defor-
mations.

The second stage corresponded to Pliocene-Middle Pleistocene for-
mation of volcanic and volcano-sedimentary deposits. They are also
deformed due to the continuous dome-building and cauldron sinking.
There is such a Pliocene-Early Pleistocene caldera immediately below
the volcano. The reconstructed outlines suggest it was 25 by 30 km in
size. The height of the cauldron scarp east of the volcano is 350 m.

Moiphology and structure. Zhupanovsky volcano is the eastern
part of the Dzenzur-Zhupanovsky volcanic range composed of
four merged cones of stratovolcanoes of similar ages and struc-
tures. The absolute height of the lowest, western, cone is 2505.6 m,
that of the highest, eastern, is 2958.0 m. The relative height of the
volcano is 2300-2400 m. The western part of Dzenzur-Zhupanovsky
ridge is 6 km long and up to 2300 m high, represented by ruins of
Dzenzursky volcano; the middle part are units of multiple-vent
volcanism with relatively big volcanoes of Yurievsky, Tetyaev and
Sirenevy, and a large number of smaller apparatuses in the form of
extrusions and lava cones with long lava flows. The overall length
of the volcanic range is 20 km, that of the middle part is 7 km, and
that of the chain of Zhupanovsky cones 6 km.

Zhupanovsky has relatively well preserved primary forms and
shows only shallow barrancos pronounced on northern slopes. The
cones of the constituent stratovolcanoes are morphologically dis-
tinguishable only at the summit of the massif while below 2300 m they
merge in a single structure. The summits of the cones have craters
from 0.3 to 1 km in diameter. The crater of the fourth from the
east cone is an oval depression 0.35X0.55 km in size and extended
from SE to NW. It is — 150 m deep. The third cone has a round
summit crater about 300 m in diameter and is up to 100 m deep, with
steep walls. In 1966, three fumaroles were observed at the bottom
of the crater and in its eastern wall but by 1970 only one remained.
On the southwestern slope of the cone 200 m from the edge of the
crater there is a blast crater 80 m in diameter and 40 m deep.
Two fumarole fields are situated at a height of 2650 m (30 by 20 m)
and 2750 m (a steep wall 50-60 m high and 40-50 m wide) on the
northwestern slope of the third cone. The crater of the second cone
is preserved only in a crest facing north. There are two fumaro-
lic craters and one fumarole field at its western tip which release the
bulk of the gases and heat of the volcano. The first, eastern cone
does not have a pronounced crater, with only fragments of it preserved.
Thus, the third cone, as the best preserved and with the freshest
primary forms, is the youngest: it has gone through all the historic
eruptions. However, in terms of heat losses, the first place belongs to
the second cone which has the strongest fumarolic activity.
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Lava flows of the volcano are morphologically distinct on the
southern slope since the northern one is buried under pyroclastics.
There are numerous tuya-type domes on the southern slope. Pyroc-
lastic flows are associated with the activity of the volcano their deposits
at the southern and eastern foot of the volcano are developed up
to 20 km from the summit of the volcano. The caldera is morphologi-
cally pronounced only in the eastern sector of the piedmont as an
arcuate scarp 12 km long and up to 350 m high.

Zhupanovsky is a centre of intense modern glaciation. The big-
gest glaciers descend from summit fim fields along the northem
slopes of the massif (Figs 139—142).

Age and evolution. Rocks composing the caldera scarp suggest a
Pliocene-Early Pleistocene age of the volcano's caldera. Formation
of the caldera is associated with the eruption of ignimbrite pyroclas-
tics. Consequently, already at the second stage of the evolution of the
Nalachevo volcanic centre there was an independent volcano, or a
group of volcanoes, at the base of Zhupanovsky that could be re-
garded as an initial phase of its activity. There are no data on the
Middle Pleistocene behaviour of the volcano though it is known that
at least 40-50 thousand years ago, in the Upper Pleistocene, there
was a major centre of Upper Pleistocene glaciation. By the start of
the Holocene, there had been three big cones of a stratovolcano
{, II, IV, Figs 140, 143). Their thick long lava flows spread south-
ward as far as Nalachevaya river and northward to Zhupanovskaya
river. Late in the Upper Pleistocene, there were also lava domes on the
southern slope of the volcano. Lavas erupted under ice producing a
specific, tuya-type morphology.

The third cone formed during the Holocene in effusive-explosive
eruptions. Traces of explosions are registered by scores of ash
horizons in the soil-pyroclastic sheets at the foot of the volcano. Early
in the Holocene, .the activity of the volcano was characterized by
frequent alternation of moderate and weak eruptions that deposited
members of poorly stratified coarse ashes (5-7 thousand years ago).
The mode of explosive activity changed in the later half of the
Holocene: then, single strong eruptions were separated by long
periods of rest. A strong eruption took place about 2 thousand years
ago: its tephra lies immediately under 1850-1900-year old ashes of
Khodutka volcano. The later half of the Holocene is marked also by
eruptions of pyroclastic flows; one of those has been dated fiom the
enclosed coals as 2170 =5 (MB-546) years old. The last big eruption
must have occurred about 800-900 years ago judging by its tephra
relation with the dated ashes of Karymsky volcano (about 400-
500 years ago) and Opala volcano (1400-1500 years ago). The then
formed lava flows on the southern slope were up to 56 km long.

In other parts ofthe structure effusive activity was limited, concent-
rated only at the summits of the cones. Lava flows rarely exceeded

122 km in length. They were erupted largely from bocche close to
the summit or rarely from the central-vent craters.

Description of eruptions. Historic eruptions are associated with the
third cone. Their dates are 1776, 1882, 1925, 1929, 1940, 195-
1957. They all were relatively small explosions. The overall volume
of the rocks erug)ted by the volcano since the Upper Pleistocene is as
large as 350 km’. Average productivity is 7-10° mVyear, or(15-20)10°
tons/year, which is 20-25-10 cal/sec. Such output of energy gives
reasons to regard the volcano as productive (Fig. 144).

Products of eruptions. Zhupanovsky rocks are represented by ba-
salts, andesite-basalts, andesites and dacites. The most widespread
are andesites. They account for 50%, or 68% together with dacites,




of the sample of andyzed pecimens. Basdts and andesite-basdts
make up 16% each. These data agree with the cdculated areas of
rock types digribution: basdts and andesite-basdts — 34%,
andesites and dacites — 66% of the area [Yermakov ¢ d., 1973
Quch digtribution of rock types can therefore be assumed as dose
to their proportions by volumein the volcano. Then, the average and
the weighted average slica content in rocks of Zhupanovsky must be
5966%, which makes the volcano andestic. Actudly, the slica
content histogram suggests three groups of rocks: basalts, andesite-
basdts and andesites, and dacites separated by profound minima

In the chemicd composition, the bulk of the rocks belong to the
cdc-dkdine sries (Table 23). This is true in the firg place of

Table 23

Averape Chemical Compasition of Rocks of Zhupanovsky ¥Yolcano,
per cent of Mass

Oxides Voleanics Xenoliths
HNERERE s [ o [ 7 w0
Si: 50.52 5560 6047 6880 4660 5200 5020 5511 590
Ti0: t26 092 079 052 095 120 1.12 0895 082
AlLG: 1IR3 1691 1638 1520 2259 1612 1836 17.64 1820
Fe:0: 556 294 2351 120 738 342 476 K99 760
FeO 455 462 AT 140 264 685 545
MnO 0.19 0.I% .15 g.i2 0.14 Q.21 0.19

H.o. H.o.
MzO 4 6F 5.05 293 .84 436 472 4.60 " "
Cad 850 776 f.24 341217 8.76 989 -

Na:O lag 4.06 4,07 4 87 284 4.22 i7e "

K.0 85 1.32 | &0 27 0.18 .67 0.51 "

H:0 s 0.1% .15 14 0.18 0.10 0.13 "

H.0' 0.64 053 0.56 0.91 017 {68 0.51 "

P10 0 02w 0.20 o.l4 0.10 0.11 0.1l "

Totai: 0000 103 9977 o000 (0030 9905 9559

Note, | basalts {& an.). 2 andesite-basalts (6 an.); 3 andesites (18 an.):
4 daeites {7 an.). 5 gabbro-anorthosite (1 an.): 6 pabbro (1-6 an.)

T average of 1 part of the 5th, and 2 parts of the 6ih: 8
(7an):9  diorite (3 an.).

gabbro-diorite

andeste-besdts and andesites. All the properties here point to the
peagdeat fedures of this series. Basdlts though show Fe content,
whch brings them doser to rocks of the tholeiltic series. There is a
dmilar rdaion between Fe and Mg in dacites as wdll, in that t

resarie products of differentiation of tholeiitic basalts. Minerdogi-
cly, dl rocks are rather uniform showing predominance of plagio-
dass in phenocryss and synchronous presence of rhombic and
monoding pyroxenes. Olivines are common in basalts. Andestesand
dedtes often show ampohiboles, quartz is very rare in Sngular
gdns The overdl number of phenocrydts ranges from 5 to 35%, the

biggest number is in andesites. Disequilibrium associations of mine-
rds and ther highes diversty are ds typicad of andestes

Xenadliths and homogenous inclusions are widdy spread. Xe-
noliths are cyddline schigs with basc compogtion, gabbro-
anorthosites, gabbros and diorites. Hol indusons a the
centre of the nucdleus often contain relics of unaltered xenaliths. Note
the chemicd dfinity of basc xenoliths and basdlts, and that of
gabbro-diorite xenoliths and andesite-basdlts, and that of diorite
xenoliths and andesites. Along with digtinct festures of mdting of
xenoliths, ther reaction dteration and assmilation this indicates
a possible source of magmas mdting of a crysdline substratum s-
milar to xenaliths.

Fumardes and aublimates Location of fumardlic fidds and creters
on the ssoond and third cones is desribed above. According to
A.P. Gorshkov and Yu.B. Sezin [1972], the temperature of the
fumaroles ranges from 94 to 430° C, the issue rates of the ges
geam mixture are from 02 to 290 m/sec, the discharge is from
005 to 155 kg/sec, and the overdl heat output is 710" cal/sec
which is equa to a discharge of lavas of approximately 5510°
tons/year. Rocks surrounding fumaroles are heavily dtered, and
impregnated with sulfur; native sulfur forms a veneer scores of
metres wide around one of the craters on the second cone.

Gephydcal charaderidic. The thickness of the crust bdow
Zhupanovsky is esimated a 25-30 km. The volcano is located &t the
intersection of the longitudinal and transverse gradient zones in the
gravity fidd. Saamic sreening of the roots of the volcano reveded
a region of a 65-85% attenuation of the sgnd immediady bdow
Moho discontinuity. The sze of the discontinuity under Zhupanovsky
is about 5X15 m. It is extended WSW-ward of the volcano
[Farberov, 1974]. The presence of the asgamic zone that coincides
with the identified discontinuity and occupies a bigger area south
of the volcano and its focd layer can be digtinguished on maps of
earthquake epicentres [Gord'chik, 1974).

Didribution and prognods of eruptions Comparison of the average
productivity of the volcano with its present thermd output (20-
2510" and 7-10’ cal/sec, respectively) indicates uncompensated losses
of heetg?/ fumaroles and Erobable accumulation of energy in the in-
teriors of the volcano. If the 1956-1957 eruption brought the volcano
to a date of equilibrium, its degper parts might ance then have
accumulated an energy excess equivaent to 34-10° tons or 0.1-0.2 knv®
of volcanics. An eruption of such a magnitude is not exceptiond and
will be of no serious danger. It shdl be remembered however that the
edimates are tentative, assuming that in the lagt eruption the volcano
has let out dl the excess energy of its entrails. The accumulated ener-
gy may exoeed the indicated leve while the process of accumulation
will continue. The future eruption of Zhupanovsky may be of some
danger for Petropaviovsk-K and some other settlements
only if its magnitude serioudy exceeds the etrimates, and it is
explosve



