NOS(DOIG"I 'BOA 'S£ 'oN '£

'DOIQyK

`£661 'd [9Lb-£9v

NO ONLLVQ QNV 1HDO2IHdas O'IONO A NI
VIZVHDJ%[VM

'O 'V I'VA99,LINUS '7 'Q IS.LIHZ2f37l1S
Puv A A IVAVNONOd

12vuuZSgy aM ssnasip siInsoi

z

'S

T 11'VAOSV1I7 A iA.7S.LS3Ia7gN

jjo

sa;ep paute2go uroij sumo jo
8uno,( saouuojoA ur uajW'gouru}I OM Ajddu asagj sa;ep
o; $uponlisuooai IuuoIai otuuojoA
AI!Apoe Suunp agj auaoojoH

NoI.LrnaO)LLNI

paipunq pajgp-uogruooipgi sajdwgs wo.lJ suoTjoas jo
'pros juad s3oj pug sluawrpas paunq Aq
orugoloA suorldnja a.iann pozXluuu aqj
£.ruwud sanrjoafgo jo asagj Igor5olouo.rgoo.rgdoj -SOAur
suo!ju$TI ul mjjugowu}I On agj uorlonJlsuoooi Jo aqj uoijuuuoJ
pug soiwuuXp JO saouuojoA pug aq2
uopjuor3Tluapt jo g.rgdol ia3I.rgw spoq Iugl juawnoop
juuuodwr suoildn.ra err 2uplup salglanzoo
orugoloA sjuana gjTM g otgdg.r2iju.rls-awrj aluos ag,L
Aluofgw jo sajgp a.tann pnu!wualnp uo paunq
silos asngoaq ji si aqj jsow pga1dsapinn Is!Jaluw
nlgg4Tns ioj 2uijup ur uxlggowu}I aM posn aqj
2urnnoljoj sTJajuo oI jsal aqj AITp!jsA jo asagj :sajup
(j jguuou aounnbos ur u orjsglooLcd-jios -oas
`uorl (Z 31ogj Jo jugoTJTu2Ts a& suoTjgrnap UT olgnop sajdwgs io
:jios pug (£ luawOOI5u jo 2uusp
slinsai pauTulgo top Iua.rajjrp 'sjgt.rajgw qons sg pajinq
'silos 'load poonn puu jgoorggo araq,L a.rann
ijjuo!lou.rd ou jugorjiu2Ts suorjglnap JO 3or saIs 2urljnsai wolf oruuojoA
.roj jugl jo
IITATjog Idaoxo
juoo wolf oTjsujooiAd sntojj puu
Dbr sa2u jo u.rgdol imligw spaq woij suoijoas
palmudos (q
Iga.r2 saouulsTp a.rann pnzAjuuu IuJanas sawrj
OArd

sins

pasn agj ujup pourujgo of auluunjnp agj s09u JO OATlou saouuojoA Jo
uajlggowu)j-njun}I pug of
jonilsuoooj AIrnijou 'su.zajjgd 2uipnl3ui agj
2uiwrl JO oruuojoA SOJDXO pug agj uoiluuuoj JO orugoloA
souoo solsQ oiaM pouiulgo ioj jsow jo agj iofgw suoildnra JO
uuajlugowg)I saouuojoA Iggj ponn,oo
2uunp agj auaoojoH
oAk

a.rngi j snnogs aqj o.mlonrjs,,goTAApugs orjsgjooiiCd-pros
jgualgw jggj slsisuoo jo guilgurnljg gigdal
spaq poppaginjuT u q usTjoo
ipugs swuoj palrsodopai) sorjsgjooiXd pug snoua5ural
(sjgunlgw pug
oiwnq paunq -silos oq,L orjsgjoo1Ad-jios saouanbas pouuoJ
aqj Isgj ZI 'ml puu asuu.r ui
guunp
ssauaIoTgI word S£ oI ci w IsoW auaoojoH-aid sluawrpas
ur mIjggowu}I
papnuap Xq
jnJ.ramod uorjwrOgjg 2uunp aqj oluZ auaoojsiold

it

SUGH.L3JAJ

aM pajgp oruuojoA sjuana Aq gurzAjuuu o!uuRro juuajuw wo13
'.spun anoqu pug ulgliM aqj orugoloA
JaAgj aqj Isaq jgualuw ioj
2u!lup sT paunq jios gong uorloos sululuoo vo OZ-01 s.zniuj Jo orwnq
`pros goga iaAul sr vo 5-I urn 313rgj aq,L orug210 IulJaluw wo.rj asagj
siaAuj Sr pool lop Jbr Rurlup
asngoaq jo agj logs uoiluuuoj pound jo goua pros ia(gj puu
uoijuAJasuoo Aq sorlsuloo.r1id '1anannoH
Ut agj osuo Jo u juuw.rop-?uoj
guuogg2tau 'ougojoA jios uorluuuoj Agw Isgj T - j S '831 pug sli
ssou3jorgl Auw osnaioui of 'vi OZ-S1 wo aM qo poup sop ioj
asagj silos Xq Su!ldwus goua ioAgl
sjouzlxg jo wnwiurw pug wnwrxuw a3g j)
lT (I uuo oq pa.rapisuoo osojo of aqj 2uiuui2oq pug `pun
'AlOATloodsoi JO jios uotjuuuoJ uI awos 'sasuo sajgp JO Iunpinlpu! slou.rlxo anuq .rgliwrs
'sanluA
goTgnn ojuorpui pidui uogluuuoj Jo pros paq.ralui L
oq sajup jo Aipldg.r 2uiuuoj spag1alut pug ia2uno1c

aan;psulr ',f2ojouuojoA;o Ing udtrd '6
X3jSlugouru}I-3jsn0jnudo.raad 900£89 erssng
jeot8ojoaOz 'alnarrsuj ANSA9gZi(d 'L AnooSON^I L10601 eiSSng

£9i'

464

0.

A. Braitseva et al.

II
oaoo

4

5

7

8

A

11

KU

13

0'Q
.

o

i

L

2

1

e

r

0

14

-.--.17
16

3

0

9

12

1m

i

15

18

b2V t
19

0

20
40
80
80 cm

8030t100
8090'-150
11001200
7800

t 300 ; 7900000.

820022SO; 85001200

at the foot of Karymsky (I) and Maly Semyachik (II)
Fig. 1. Summary sections of sediments in pyroclastic covers
lapilli, pumiceous gravel; 3. pumiceous lapilli and coarse
bomb,
volcanic
2.
gravel;
volcanoes: 1. volcanic bomb, lapilli, slag
ash; 6. stratified coarse ash; 7. stratified coarse ash with
ash; 4. stratified pumiceous tephra: lapilli, coarse ash; 5. coarse
of Karymsky); 8. ocherous bed-oxidized gray and
eruptions
primary
of
bomb, lapilli, resurgent material (pyroclastics
ash; 11. sediment of pyroclastic flows and surges of
yellow coarse ash; 9. thin layers of fine and coarse ash; 10. fine
loam with admixtures of coarse ash; 14. buried soil;
sandy
13.
loam;
sandy
12.
14C
caldera-forming eruption of Karymsky;
17. redeposited coarse ash; 18. wood; 19.
sediment;
15. sediment of pyroclastic flow of Maly Semyachik; 16. explosive
of
eruptions
sediments associated with caldera-forming
dates: a = coal; b = wood; the others = buried soil; KRM =
MS = Meso
Paleo-Semyachik;
PS
cones:
=
Semyachik
Karymsky; KM = Karymsky sediments. Sediments of Maly
of large cycles of activity of Karymsky and
Semyachik; Ks = Kaino-Semyachik. IKM, IIKM, IKS, IIKS = sediments
of Karymsky; K = pyroclastics of primary
beds
Kaino-Semyachik. Tephra marker beds: pmt-pra12 = pumiceous tephra
S1-S8 buried soil in Maly Semyachik
interbed:
ash
transit
1-12
Karymsky;
eruptions of Karymsky; SC = slag interbed of

section.
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alkaline extracts from these soils are close to those of overlying pyroclastics. At the same time,
underlying pyroclastics may be much older than the soil, because the onset of soil formation may
be delayed. This is due to the lower propagation rate of vegetation over the fresh pyroclastics,
which is dependent on its initial composition, thickness and overlying area.
Peat-like layers and peat bogs provide another good source of material for dating. Often located
far from volcanoes, peat bogs contain ashes that do not affect the rate of peat accumulation. Peat
can be dated using both alkaline extracts and cellulose.

Along with charcoal, wood is considered the best dating material. However, in dating volcanic
deposits, one should consider the following. Tree trunks or limbs may intersect interbedded narrow
layers of tephra. Trees injured by volcanoes may remain standing for > 0.1 ka, and after they fall,
are buried in younger pyroclastics. Wood often introduces uncertainty in its age, sometimes
exceeding 0.2 ka. However, thin branches enmeshed in tephra layers are considered good dating
material because of their young age and distinct location in the section.
Although considered the best dating material, charcoal presented interpretive problems. Charcoal
is scarce in soil-pyroclastic covers because of the low temperature of falling tephra; it is observed
mostly in sediments of surges and pyroclastic flows "wedging" into the section. Charcoal underlying lava flows is practically nonexistent in Kamchatka. A possible reason is that, in most cases,
the base of Holocene lava flows has not eroded, and older flows were issued during Late Pleistocene glaciation when there was no vegetation. Another explanation may be that organic materials
of lava-flow underlayers were burned away, given the high temperature and available oxygen of
the flow.
We measured 14C by liquid scintillation counting of benzene. Our technique differs from the more
conventional benzene-production process in that lithium carbide is produced by reacting the pretreated samples directly with lithium, rather than combusting the samples to C02 and reacting the
CO2 with lithium. Consequently, many of our samples had low yields of poor-quality benzene,
which resulted in poor reproducibility of results. Modified pretreatment (boiling in HCl, HNO3 and
sometimes HF) of the samples improved benzene yields and reproducibility of results.
RESULTS AND DISCUSSION

The dates obtained from buried soils demonstrated normal sequences and lack of inversions (Fig.
1); from these, we infer that the dates are valid and close to real ages (Braitseva et al. 1988). This
is supported by good convergence of dates, which derived from soil samples from several sections.
This can be seen clearly in series of dates obtained at the foot of the Karymsky volcano (soil bed
between transit ash 3 and the scoria bed) and in the Maly Semyachik section (soils 4, 6, 7) (Fig.
1). We also noted that in several sequential strata of thick soils the dates of the youngest extracts
of lower beds were often older than the oldest extracts of the upper beds. This is illustrated in the
lower part of soils 3 and 4 in the Maly Semyachik and Karymsky cores (Fig. 1): the upper part
(above and below layer pm6) and the bottom (under the K pyroclastic layer). Apparently, it may
be explained by the migration of organic matter, especially when humic layers are divided by thin,
infrequent ash layers. This forms a sufficiently thick single packet (Maly Semyachik soils 3, 4;
soils top and bottom of tephra section of Karymsky). We suggest that several interbeds of these
packets were present as a "single" soil with simultaneous accumulation of humus. We also observe
that, in some humic interbeds of these soils, the dates of the oldest extracts are consistently higher
for each underlying bed, i.e., the ages of soil beds increase with depth. Generally, wood dates agree
with dates of buried soils in which they occur. Some samples of cedar (Pinus pumila) from the
same bed range in ages from 100-300 yr (Fig. 1).
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ages by volcanic CO2, but
Sulerzhitsky (1976) addressed the problem of possible distortion of
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where
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from
than
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were
often
older
which
sediments,
pyroclastic
obtained dates for charcoal from
8.4-8.6
to
dated
caldera
Karymsky
from
the
soil underlying the pyroclastics. For example, charcoal
ka (the underlying bed dated to 7.8-7.9 ka), and charcoal from Kaino-Semyachik dated to
4.12-4.18 ka (the underlying soil was 3.9 ka.) Apparently, during carbonization, the wood had
captured volcanic carbon from CO2 from a hot, gas-saturated flow, which resulted in "aged" dates.
The date for charcoal from cooled lapilli sampled at the base of the caldera (7.7 ka) is close to the
14C
age of the underlying soil bed. In this case, carbonization may have been associated with the
subsequent warming by overlying pyroclastic flows and the catalytic effect of sulphuric compounds, when no absorption of volcanic carbon occurs. This is analogous to the caldera-forming
eruptions near Kurilsky Lake, where we obtained dates for charcoal and carbonized wood from
pyroclastic sediments ranging from 8 to 8.4 ka, whereas for buried soil and peat underlying the
pyroclastics, the youngest dates were ca. 7.6-7.8 ka.

We observed an inversion of dates in some peat bogs located near thermal springs containing
methane and volcanic CO2. Basal deposits in peat bogs of Uzon and Opala calderas, directly
affected by thermal waters, yielded dates that were -1.5 ka too old.
We check our dates by comparing them
A
with those from the same stratigraphic
T.125
layers in different areas. Figure 1 shows
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13/0:/00
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beds of Karymsky and slags of the Maly 7550,
0 0
0 0
°
0°0
%
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position, e.g., buried soils in different
sections underl Y in g or overl Y in g the
00'200
same tephra, as a rule, compare well.
Ia A'I,e1
RAW!
u50t 50
Such is the case for the upper part of
I
soil 3 of Maly Semyachik and Karymsky soil, including the pm6 layer, as Fig. 2. 14C dates for pyroclastics of the caldera-forming eruption of
well as the wood from these beds, soil Karymsky. For legends, see Fig. 1.
between transit ashes 1 and 2, soil
under the pmt tephra bed and soil under the K layer. Figure 2 shows concurrence of dates obtained
for different materials from soils that under- and overlie the pyroclastics of the caldera-forming
eruptions of Karymsky. Samples were taken from the bases of Maly Semyachik (T.146) and
Karymsky (T.319).
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Figures 3 and 4 show dates from different materials of the largest eruptions of Opala and Ksudach.
From the correlation of dates of beds under- and overlying the tephra of Opala, we infer that this
eruption occurred 1.4-1.5 ka ago. The tephra dates also agree with the charcoal dates from pyroclastic flows located near the center of the eruption. By dating charcoal and wood from pyroclastics, we concluded that the caldera-forming eruption of Ksudach occurred 1.7-1.8 ka ago. Soil
beds underlying the pyroclastics date to -2-2.2 ka, when the soil was forming.
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390
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dates for Opala tephra (1.4-1.5 ka ago): 1. Opala ash; 2. pyroclastic sediments of the Opala eruption; 3. ash
of other volcanoes (without separation in beds); 4. peat; 5. buried soil; 6. charcoal and wood; 7. 14C dates: a. coal, b. wood,
c. buried soil, d. peat. Framed dates are from individual extracts of the same soil sample.
Fig. 3.
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Fig. 4. 14C dates for Ksudach tephra (1.7-1.8 ka ago): 1. buried soils; 2. sandy loams; 3. peat. Pyroclastics of Ksudach:
4. ash; 5. pyroclastic sediments and 6. pumic lapilli. 7. Ashes of other volcanoes (without separation in beds); 8. charcoal
and wood; 9. 14C dates: a. coal, b. wood, c. buried soil, d. peat. Framed dates are from individual extracts of the same
soil sample.

Tephra of the largest caldera-forming eruption of the Holocene, which occurred near Kurilsky
Lake, is not only widely distributed in Kamchatka, but is also found in the area of Magadan City
1100 km from the center of the eruption. The dates for these pyroclastics in buried soils and peat
of Kamchatkan sections (7.6-7.8 ka) correpond to dates for peat beds underlying (7.82 ka ago) and
overlying (7.67 ka ago) the ash of this eruption in Magadan (Fig. 5). Apparently, this eruption
occurred 7.6 ka ago, because, in sections of the eastern volcanic Kamchatkan zone, its ash was
found above the pyroclastics of the Karymsky caldera, which dated to 7.7 ka ago. Long-term 14C
research on volcanic rocks in Kamchatka has enabled us to date the volcanic events to the Holocene, with a statistical error of 150-200 yr. Ca. 10% of dates cannot be used for the analysis and
further interpretations, for reasons that are not always clear.
Kamchatka 14C ages are uncorrected for changing carbon concentrations in the atmosphere. Results
are as follows:
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Fig. 5.14C dates for tephra of caldera-forming eruptions of Kurilsky Lake. Pyroclastics of caldera-forming eruptions: 1. sediments of pyroclastic flows; 2. pumiceous
lapilli; 3. coarse and fine ash. 4. Pyroclastics of the Tao-Rusyr caldera; 5. pyroclastics of the Karymsky caldera; 6. ash of other volcanoes (without separation in
14
beds); 7. buried soil; 8. sandy loam; 9. peat; 10. alluvial sediment; 11. C dates: a. coal, b. wood, c. soil, d. peat. Starred dates are cited from Masurenkov (1980).
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Volcanic eruptions
Karymsky
Maly Semyachik
a. Paleo-Semyachick
b. Mezo-Semyachick
c. Kaino-Semyachick
Krasheninnikov
a. South cone
b. North cone
c. North inner cone
Molodoi Kikhpinych
a. West cone
b. Savich cone
Avachinsky
Ksudach
Shtyubel cone

14C

dates

formed -5.3 ka in caldera, which formed 7.7 ka

20(?)-11 ka
11 ka
7.4 ka

11-6.5 ka
5.5-2ka
1.3 ka
formed during the Middle Holocene
4.2-4.1 ka

1.4 ka
started forming -3.5 ka

-1.6-1.7 ka

From the soil-pyroclastic cover of Klyuchevskoy and Bezymianny, which contains the dated ash
marker beds of Shiveluch (Braitseva et al. 1984), these volcanoes formed 4.5-4.7 yr ago and 6.26.5 ka ago, respectively.
We also obtained dates for the largest collapsed calderas, formed by strong, explosive eruptions
during the Holocene:

1.

2.
3.
4.

Volcanic eruptions
Karymskaya
Kurile Lake caldera
Three young caldera of Ksudach
Kurile Islands
a. Rusyr
b. Lvinaya Past

14C

dates
7.7 ka
7.6 ka
1.7-1.8 ka; 6 ka; 8.6-8.7 ka
7.5 ka
8.4 ka

Dating is only the first step in studying the history and dynamics of volcanic activity. Tephrochronological investigations provide composite stratigraphic sections of pyroclastic sediments that
record the sequence of eruptions; their timing is provided by 14C dating. Effusive volcanic products
include lava flows and ash beds (Fig. 6). By assigning absolute dates to a stratigraphic section, we
derive the sequence and number of eruptions and the timing and composition of erupted products.
From the tephra, lava and pyroclastics we can reconstruct the character of the eruptions. This
enables us to construct geological maps with calendar ages of volcanic deposits. We can determine
the volume of erupted products both for the period of activity and for individual eruptions. Thus,
we can show the dynamics of volcanic activity in time, e.g., the time range of active periods, the
largest explosive eruptions, issue of lava and pyroclastic flows (Fig. 7), flank eruptions and
formation of explosive craters.
During the past 15 yr, this method was used to study the formation of active volcanoes in Kamchatka: Karymsky (Braitseva and Melekestsev 1989); Maly Semyachik (Braitseva et ale, 1980);
Krasheninnikov (Ponomareva 1987; Volynets et al. 1989); Kikhpinych (Braitseva et al. 1990); and
the Tolbachinsky zone of slag cones (Braitseva et al. 1981). We are also completing studies of
Klyuchevskoy, Shiveluch, Kizimen and Il'insky.
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Our data show that these volcanoes,
which formed during the Holocene
and continue to grow, have distinct
cycles of alternating periods of activity, indicated by volcanic accumulations, and dormant periods, indicated
by buried soils. Active periods range
from several hundred to several thousand years. We obtained the following values: 1) Krasheninnikov and
Maly Semyachik, 1.5-2.1 ka; 2)
Bezymanny, 0.4-0.7 ka; 3) Karymsky, 1-1.5 ka. Long dormant periods
were noted for: 1) Bezymanny and
Krasheninnikov, s 1 ka; 2) Karymsky
and Maly Semyachik, s 2ka; 3) Kikhpinych, s 3.5 ka. Even during a 2 ka
dormant period, the vent channel of
the volcano was not plugged by solidified magma and products deposited
onto the surface at the start of the
active cycle.
The reconstruction of volcanic history
enables us to determine the time of
formation of stratovolcanic cones.
Many large Holocene stratovolcanoes
reached their near-present form in 24 ka. For instance, the Meso-Semyachik cone of Maly Semyachik formed
in 1.5 ka; Kaino-Semyachik, 1.6 ka;
Karymsky, 3.3 ka; Savich cone of
T' ikhpinych, 1 ka. The South and
North cones of Krasheninnikov both
formed in 4.5 ka, but -80% of the
rocks erupted during the first 1-1.5
ka of activity. Stratovolcanic cones
form over a relatively short interval,
after which activity decreases sharply
and occasional summit or flank eruptions issue magma to lower hypsometric levels. After the dormant
period, the volcano regains maximum
height in two ways: 1) the channel
shifts its strike and a new cone forms
near the previous one; 2) as a result
of explosion, the summit falls and a
crater forms, providing a reserve for
completion of the volcano's shape.
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Fig. 6. Generalized section of effusive-pyroclastic deposits at the foot of Karymsky
volcano: 1. volcanic pumiceous bomb, lapilli, gravel; 2. pumiceous lapilli and coarse
ash; 3. volcanic slag bomb, lapilli, gravel; 4. coarse ash; 5. stratified coarse ash; 6.
stratified coarse ash with bomb, lapilli, resurgent material (pyroclastics of primary
eruptions of Karymsky volcano); 7. ocherous bed - oxidized gray and yellow coarse
ash; 8. thin layers of fine and coarse ash; 9. fine ash; 10. pyroclastic flow deposits
of Karymsky caldera-forming eruption; 11. pyroclastic surge deposits of Karymsky
caldera-forming eruption; 12. sandy loam; 13. sandy loam with admixture of coarse
ash; 14. buried soil; 15. base of soil-pyroclastic section; 16. wood; 17. andesitic lava
flows of Karymsky volcano; 18. dacitic lava flows of Karymsky volcano; 19. SiO2
content in a) tephra and b) lava of Karymsky volcano, and c) pyroclastics of
Karymsky caldera-forming eruption; 20. '4C dates: a = coal, b = wood, others =
buried soil. I-XI = age groups of the Karymsky lava flows; see Fig. 1 for other
indices.
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Fig. 7. Dynamics of Karymsky activity: 1. periods of intense explosive activity; 2. individual
explosive eruptions with volume of erupted material: a = 0.1-0.05 km3; b = 0.05-0.01 km3;
c = 0.01-0.001 km3; 3. series of lava outflows with volume of material: a = 0.5-0.25 km3;
b = 0.25-0.05 km3; c = 0.05-0.01 km3; 4. caldera-forming eruption (without scale);
5. intensity of material outflow in eruptive phases; 6. total volume of material of largest
eruptions; 7. mean intensity of material outflow during activation of IKM. I-XI = Age groups
of lava flows; pmt-pm6, SC = positions of pumiceous and slag interbeds of individual
explosive eruptions. IKM, IIKM = periods of activation of volcano; IKM1; IKM2 = stages of
activity during IKM; KM1, KM2 = eruptive phases; 1-6 = transit tephra marker beds.

Long periods of activity are not typical of every Holocene volcano. For example, Ksudach,
Shiveluch and Kizimen volcanoes discharged energy in short, strong eruptions, separated by quiet
periods spanning from -0.15 to 2 ka. Extrusive domes are sometimes squeezed out during these
periods of waning activity, as is the case for Shiveluch. This cyclicity is poorly manifested for the
Holocene (Mutnovsky, Koryaksky, Opala, Khodutka), when eruptions were irregular-sometimes
very large and spontaneous. In order to distinguish the largest Holocene eruptions in Kamchatka,
we have identifed ca. 20 tephra marker beds. For each, we have determined the stratigraphic
position, area of distribution and chemical and mineral composition, and evaluated the volume of
material. We 14C dated buried soils and peats under- and overlying tephra, as well as wood and
charcoal in them. This enabled us to approximate the ages of eruptions (Table 1). Figures 8 and
9 show the principal directions of ashfalls of the largest Holocene eruptions.
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Fig. 8. Main directions of ashfalls for the largest eruptions of
Kamchatkan volcanoes during the first half of the Holocene.
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during the second half of the Holocene.
Fig. 9. Main directions of ashfalls for the largest eruptions of Kamchatkan volcanoes
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Dating and Tephrochronology in Kamchatka

TABLE 1. Principal Tephra Marker Beds

Eruption center

Index

Shiveluch

She
Sh3
Sh5
AV1
AV2
AV3

Avachinsky

Opala
Bezymianny
Khodutka
Zheltovsky
Khangar
Kizimen
Ksudach
(calderas)

OP
BZ
KHD
ZHT
KHG
KZ

Kurilsky Lake,
caldera
Karymsky caldera

14C

of Holocene Eruptions in Kamchatka

age*

900-1000
1300-1400
2500
3500
5500
5600

Volume, km3

A
A

1.3-1.5
1.8-2.0

A
AB

A
AB

1400-1500
2300-2400
2800-2900
5000

KS1
KS2
KS3

6900-7000
7500-7600
1700-1800
6000
8600-8700

KL

7600

KRM

Composition**

7700

R

A
P

D
D
D
D

--

2-3
0.5-0.6
0.6-0.8
8-10
0.3-0.5
1-1.5
1.2-1.5

6-7
2.5-3

7-8

A

7-8

A

1

D

8-10

D

8-10

*14C

dates are rounded off.
**A = andesite; AB = andesite-basalt; D = dacite

;

R = rhyolite
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Fig. 10. Sequence of the formation of slag cones in the
Tolbachinsky area: 1. stage of volcanism; 2. intensity of
material outflow; 3. petrographic types of basalts; 4.
time scale; 5. Shiveluch (Sh.) and Khangar (Khg) ash
marker beds; 6. arrows indicate position of slag cones in
the Tolbachinsky valley.
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Tephra interbeds are used as distinct datum markers for dating reliefs and sediments. For example,
Shiveluch and Khangar ash marker interbeds were used to date volcanics of Tolbachinsky Valley,
where the Great Tolbachik Fissure Eruption occurred in 1975-1976. From the relation between
lava flows, slags and marker interbeds of overlying ash, we dated the occurrence and sequence of
the slag cones (Fig. 10). We constructed a map of Holocene volcanic structures for the area of the
Tolbachinsky slag cone which lists the calendar ages of volcanics (Braitseva et al. 1981). The same
ash marker interbeds of Shiveluch and Hangar were used for dating periods of activity for
Bezymyanny (Braitseva et al. 1990) and for dating a giant failure of Kamen's flank (-1.2 ka ago)
(Melekestsev and Braitseva 1984). Tephra can also be used to date nomad camps buried by lava
flows (Braitseva, Litasova and Ponomarenko 1983).
Dating the largest eruptions and studying the dynamics of active volcanoes over a long (10-12 ka)
period enables us to understand cyclical volcanic behavior. Thus, we are able to predict long-term
volcanic activity and associated hazards (Melekestsev, Braitseva and Ponomarenko 1989).
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