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| 1_.5.'2 'GEOLOGY OF THE STUDY aREA

(1)

0ut11nes of Geologlcal Features in the Study Area

fThe study area covers both Tertlary VOlCanlc rocks and

"1Tert1ary 11mestone dlSttlbUthn area and Quaternary

v01canlc products dlstrlbut1on area metxoned in sectlon

1.4.2. Geology of the survey area is 1arqe1y divided into

Tertxary system of south and Quaternary system of north.

_;Tertiary system and Quaternary system are respectively

3“_d1v1ded into several layers as shown in Table-l 5.1,

E‘I'ertlary system of the survey area is composed mostly of
3such volcanic rocks as andes1te, 1ava; tuff breccia, eto.,

'p”“As sedimentary rooks, only limestone is distrxbuted in a
-ffvery narrow sphere near the estuary of K. Glld;k..

QUaternary'system of the study area, as. discussed in’

'section“1:4'l is composed of volcanic ejecta from the

Tengger mountain range, volcanic ejecta from Jambangan

volcanlc complex and volcanlc eJecta from Semeru volcano.

The o6ldest 15 volcanic ejecta from jambangan volcanic
complex and the youngest is: volcanlc ejecta from Semeru
volcano. In this report, volcanic ejecta from the Tengger

'mountaln range and Jambangan volcanic complex are collec-

tively called Older v01can1o Produots and volcanic ejecta
from Semeru volcano are called Younger Volcanlc ‘Products.

'Yoongér volcanic'products'from'Semeru volcano are further
fclass1fied into several layers as shown in Table-1.5.1

Exom: the standpoint of COmp051t10n, mode of occurrence,

3compaotness and. solidity. n

'The Schemat1o relationship of Tertiary system and

Quaternary system as given above is shown in Fig. -1.5.3.
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' ' tud
As indicated in the figure, in the south of the S . : ]
e
area, basement rocks of Tertiary system are distributed,
abutted by older volcanic products and younger volcanic

products.,

In Fig.-1.5. 1r Geologxcal Map of the study area is shown
and in Fig.-1.5.2, Geological Profile of the study area is

given,

Sequence of Strata

Sequence of strata of the study area is given in
Table‘l.s-l.

Tertiary System

Tectiary system of the study area is mostly composed of
such volcanic rocks as andesite and tuff breccia dis-
tributed in the south of the study area. Mountains
consisting of Tertiary system show very steep topography
of the mature stage, making a sharp contrast with the
smooth slope of Semeru Volcano consisting of Quaternary
system.,

_Teftiary’syStem of the study area is divided into 5 layers

as shown iq'Table.—l.S.l. "Sequence of Strata of the
Study Area". Description of each layer from the lowar
layer is given below:

-3 Green Tuff

Green tuff seems to lie at the lower pare of Tertiary
system of the study area. This layer, as shown ip

Fig.~1.5.1, "Geological Map", is mostly distributed
the eastern border of the Tertiary mountains

in
It con-
sists of various volcanic rocks such as green tuff

r
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tuff breccia, andesite, propylite, rhyolite acidic
,welded tuff, etc.= Thé'géoldgiéal structure of this
layer is. much- complilated, altered and very similar to
‘80 'called "Green Tuff" ‘in-Japan, - Thickess of this

: layer ‘An- the study area “is over 150 m.

-AyLimestone Layer

"leestone in'the study area, as shown in Flg.-l 5.1 is

"‘°exp05ed Only at the estuary of K. Glldlk. It extends

as widé“as sOme 10 km as lxke a belt along the
_ southern coast ‘of Java Island about 10 km westwards
_"from‘the wést of,K. Glidik, '

-HL1mestone ﬁear thé estuary of K Glidik is well
 stratified, chalky, sandy. Partly caves ‘are often
_obsérved in this 1ayer. At Umbul Sarl, abundant '
-spring water is Observed in the Gaves. As this layer

"fis greatly lxmlted in’ distrxbutlon,'the stratlgraphical

f_ relatlon thh green tuff is not known.' Th01kness of
'thls layer is over 70 m.

Alterﬁatidh df AndeSite/Tuff Breccia

‘;Thls layet is. composed of andesite and tuff breccia

: f(or volcanic breccia) w1th thickness of each stratunm

;.ranging from 5 to 20 e Andesxte is very compact and
,;alsé phenocyst ‘of ollvine is particularly noticeable.

SR T breccia ‘is grey brown, weak and partly turned to

”clay. Most of them “Show a autobrecciated condition.

_-ffThls layer is distfibuted ffom the downstream of K.
‘ffLengkong to the midalef-'downstream of K. Glidik and

'ithe downstream of c. Kobo an check dam on the both
f”banks, forMing a steep cliff. Especially on both
_j‘banks along K¢ Glidik, a very steep cliff as high as
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100 to 150 min a relative elevation is formed. On
the downstream of C. Kobo'an check dam this layer is
observed dxscordantly undetrlain by lower green tuff.
According to seismic sounding, andesite in this layet
shows a very high value of P wave velocity at 4.2
km/sec. Electric sounding shows a resistivity value
of over 10,000% a of the alternation of andesite/tutf.
Thickness of the'layér is about 300 m in northwestetn
Péft of the Textiaty mountains but in southeastern
part'of the mountains it seems to be very thin or

non-existent.

From the geomorphological view point, on the other
hand,'it'can be presﬁmed that this layer does not
belong to Tertiary system but is a product from
Quaternary Jémbangan copplex, abutting the Tertiary
mountains. Since no actual abutting outcrop has been
found, hoﬁever,‘this report takes a veiw that it
belongs to Tertiary systenm.

Tuft

This layer is mostly coaposed of tuff, sandy tuff,
mudstone and sometimes intercalating tuff breccia and
_ andesite lava., In the tuff layer, crbss lamina is
often observed. According to geophysical sounding,
the velocity of P wave of this layer is 1.5 km/sec and
the cesisti#ity value is 5 - 40%m. This layer is

presumed to be in conformity with the alternation of
andesite/tuff breccia at the underneath. Thickness of
this layer is about 200 1 in the west of the Tertiary
mountains but seems to be much thinner or missing in
the east. There is possib1lity that this layer also
belongs to Quaternary system as well as Alternation of
andesite/tuff breccia from the view point of
geomorphology.
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--:-‘Volcanic Breccxa

This layer is composed mostly of volcanlc breccia with
1ntercalating sandy tuff and andesite lava. Gravels
in tuff bteCo1a are mostly andesite but some include
:basa;t. ‘Also in volcanic- brecc1a, many. autobreCCLated

!;lavsjate,ohse;yed,_ This layer forms the top of the
msuhtains'ss well, .as a steep ridge in a sawteeth

- shape, Th1s layer is in conformlty with the under-

| lying tuff layer. ‘Thickness of the layer is over
200 m.. o '

Quétéfnary:System :

Quaternary system of the study area 1s largely classifled

from lowér to upper- into 01der volcanic products of Tengger
_MOuntaln Range, Jambangan volcanlc complex, younger
'volcanlc products whlch 18 presently being supplied from

' _Semeru Volcano ~and alluvium whlch is- being déeposited in

“the volcanlc p:edmont periphery. Volcanxc products from
- Semetu. Volcano are classified accord1ng to their origin,

primary volcan1c prOducts, younger Lahar deposxts and .
older Lahar de9031ts. ’

ﬁ‘The primary volcanlc ejecta are those directly emitted

. from the’ center crater or parasitic volcanos and have not
;shifted frqm their orlginal place with water. The Lahar

,edep051ts are secondary VOlGﬂhlc deposits which have been
~_shifted £rom their original Place with water and

redeposited.i The secondary volcanic products such as
Lahar deposits are called Epiclastic Volcaniclastic
Deposits . in terms _,o_f Volcanology.
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they are summarized as follows:
" i)  alluviom

Younger Volcanic P&oduéts_ii)'Primary volcanic ejecta
iii) ' Younger Lahar deposits
i iv) Older Lahar deposits
v) Older Volcanic Products '

The distribution of voicanic'ptoducts from Semeru Volcano
and its topography is closely related in the following

manner.
Geélogx ) S o Togograghx
« Primary Volcanic Products<:~—e~—w~a—«——;n;-—Main Part of Cone
(Prlmary Ejecta) Tl - :
_ ~<
Epiclastic . Younger Lahar~sgsg§:———-hbadu fan Volcanic
Volcaniclastic - Deposits __==c=-Lahar fan-A  Fan
Deposits . Older Lahar——~"7 - T -Labhar- fan-B
Deposits : : '
cALlUViUM-— = — e et~ ———V01Canic Piedmont

Periphery

The primary volcanic ejecta are distributed over main part
of the cone. On the Ladu fan, a mixture of ‘youngeér Lahar
deposits and primary volcanic ejecta is'disftibuted, but
since primary volcanic ejecta are predominant, in
Fig.-1.5.1, Geological Map, it is shown as a distribution
area of primary volcanic ejecta (Pyr0clast10 deposits),

On Lahar fan-a {the steep sloped fan), both the younger
“Lahar depesits and older Lahar deposits are distributed
but younger Lahar completely cover: the older Lahar
deposits in Lahar fan-B {the slow sloped fan). On the
volcanic piedmont periphery, alluvium of f£lood deposits
are distributed. ' '
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Characterxstics of the foregoxng five depos1ts are given

below.;

-3 'Older VOloanic Produots

Older VOICanlc produots, shown in Flg.-l 5. 1,.
Ge010g10a1 Map, are’ distrlbuted over north eastern
‘part (nOrth of Ko Lateng) and western part (west of
KiB Supit) of the study area. -Qlder volcanic
products are. ejecta frOm Janbangan volcanlc complex
and Tengger mountain range ‘and are supplled from R,
Kumbolo voleano; R. Hegeyo volcano, Ayeg-ayeg volcano
and’ G.‘Kepela volcano, etc.: Older volcanic products
conslst of pyroclastic flow sedlments (sedxments such
:as Nuée Ardente, pumice flow, etc ), fallinq volcanzc'
;ash, falling pumice, Lahar deposzts and andesite -

B basalt lava, eto._ The compos1t1on of Older volcanic
products s very s1mi1ar to that of y0unger volcanic
“produots but it is generally well compacted and shows
'brown to reddlsh brown cOlor due to weatherxng. The
areas with older voloanlo products are well dissected
.forming steep valleys which suggests long 1nterruption

Cof supply of ejecta ffdm voloanos.' In areas between
K. Re]ali and K Mujur near the c°ast11ne, many mudflow
hzlls of 1ess than 10 m of relative helght ‘and about 2
to 40 m in d1ameter are observed. They contazn large
boulders of 2 to ‘4 m dxa. xn reddlsh brown 1ater1te.

_They‘might haVe originated in the very blg scale
volcanio mo?flow in the dlStant past..

-3 folder Lahar Deposits'{ L
Older Lahar deposits con51st of . grey - brownish
_0010red, well compacted volcanic ash -and gravels. The

.lcomposition materials are identical to those of
Tyounger Lahar deposlts. They are olassifie& into
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older and younger deposits according to the degree of
compactness, Older Lahax deposits form old fan (K.
Poh Fan, etc.) and are distributed over the upper .
basin of K. Mujur and in the north of K.Lengkong. In
other areas, they have also been observed in many
places sporadiéally'éprsed on the riverbed and on
both banks of rivers. Among these deposits, some show
weak stratification. Also ¢arbonated wood pleces are
often observed in this deposits.“

Younger Lahar Deposits

Younger Lahar dep031ts con51st of unconsol1dated
volcanic ash, sand and gravels,' They ‘are very loose
and'easiiy broken by hamﬁer;_tVolcanlc ash, silt and
sand comprlslng the matrix of the deposits easily turn
sllmy when water is added. These younger Lahar
dep051ts form a new fan of B. Sat Fan, B. Semet Fan,
K. Re)all Fan and K. Lengkong Fan whlch covered most
of the study area. Younger Lahar 669051ts th1n1y
cover the whole of older Lahar deposits, with esti~
mated maxiumum thlckness of about 50 m to the min1mum
of several centimeters at the thin part. Younger
Lahar deposits generally have th1ek stratum on the
upper stream, containing huge Bouldets Qith peor
stratification. The diameter of boulders gets
smaller, going downstreem aﬁd the shape of gravels
turns from angular to subréund Also each stratum
becomes thinner and strat1fication becomes clearer in
the downstream. Some younger Lahar deposxts contain
pieces of fresh or burned wood. f.

Primary Volcanic Products {Primary E]ecta)

Primary volcanic products consist of ejeota dlrectly
emitted from the center crater and craters of
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.paras1tic volcanos.f Théy‘h5Ve'hot been removed by

“rain water, etc. The consxst of Nuee Ardente de~
' _9031ts, 1ava flow, pumice flow, volcanic bomb, falllng
' v01canic ash and pumice. etc. Excludlng lava, they
are qenerally Very loose.; The maxn part of cone from
‘FEL 1, 500to top, cons1sts ‘of these prlmary volcanic
eJecta only. On both ‘banks of the gali, alternating
;_layers of lava and various prlmary volcanic products
;are clearly observed in aerxal photo, Since the
hdeposits 1n the area are very loose, there are many
_{landslides and GOIIapsings. Espe01ally around EL,

2, 500 ma. big scale collaps1ng can’ be observed.

Between EL. 1 500 to 800 m, the so called Ladu Fan,
younger Lahar deposits formed by re- shiftlng of
5_pr1mary volcanzc ejecta due to razn. ete, and prlmary
-volcanic products which have not been re- shifted are
'1ntricately intermlngled. Also in this area, many
lava flows are ‘formed character1stlca11y which are
_'mostly andesite.; From aerial. photo, characteristics
of" topog;aphy_of.lava.flgw_whxch are wrincles,
‘marginal natural éﬁbéﬁkﬁént}_eté.}‘can be clearly -
~observedi ‘Another chatactériStics”is that parasitic
ﬁvoléanos located between EL. 1, 000 to 1, 500 m have
craters from which much lava came down.

: Mlﬁv’i"uﬁi-:Déposii“t's“-"-' A
“tialluvium deposits are dlstributed at the Volcanic

:'piedmOht periphery surroundlng volcanic fan, covezng
_the wholé Lumajang plain.f They are comprxsed mostly

T of sand, silt,!round pebbles and sub- ~angular pebbles

“wnhich are deposited 1n unconsolidated condition.

"’There is no clear dxstinctiOn between alluvium

depOSits and Lahar deposits at the end of the fan
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since the change is’ gradual.‘ The distributioa of
brown consolidated gravels and sand layers is obserVed
in lower part of the unconsolidated alluvium in’ some
places. This is presumed to be old flood plain
sediments depositéd at the time of creation of older
.Lahar depsoits. a :

According to the data-of well in Semeru Project Office
(NO. SUMUR TW 36EJ TOMPOKERSAN), éveén though drilling
was made’ through to a- depth 6f 125 m, the bedrock was
not reached, for sand and silt layers, with sporadic-
ally interposing gravel laye:s c0nt;nued. Also pieces
of wood were'colleCted"froh:each:iayef.

Geological Structure of the Study Area

The study area comprlses TertLary SYStem and Quaternary
system, but since the respect1ve structure differs
greatly, they are d1scussed separately below.

- Geolcgical Structureiof“Teftlafy_éyStem
Green tuff, layers at-theﬁbottOm”of Tértiary system'in.
the study area repeat foldiaésoand_are dissected by
faults at many places,. showiné'a VEry complicated
geological structure. Also at many places alteration
along faults, flssures and cracks has ‘caused them to
turn into caly. Also. 1ntrUSion of dacite (rhyol1t1c)
is observed downstream of C. Kobo' an. According to
Van Bemmelen in 1938, such complicated geologlcal
structure of green tuff etc. (so called Ccld Andes1te),
deformation and Alteration are explained as due to the
intrusion of granite batholith 1n the middle Miocene
period. :
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The bedding plane of limestone d1str1buted near the
estuary of K. Glidik, ‘is generally horizontal ‘with
"caves déveloping along the bedding plane. ° As shown in
Fig.-l 5.1 Geological Map, both ends of llmestone'
come ‘in ¢ontact with tuff - breccia and whether ‘liméstone
“layer’ overlaln by the tuff bre001a is exposed’ ‘as
f*Fenster ‘without faults or bordered by faults at both
ends is’ not known.“-u. L ' :

'altérnationj§f gndééit§7?bi¢anic breccia, tuff layer
and tuff breccia'1afér'are'pte9umed to be continuously
;superposed without long. hiatas covering discordantly
_green tuff layer of underneath. ‘Small folds are
_iobserved in’ these layers and they gently slope towards
usouth (toward Indoneslan Ocean) " Faults are rately
'observed in’ these layers. '

'Geological Structure of Quatetnary System

:nreas where older volcanic products and younger
uvoleanic products afe thickly distributed are called

- Solo.Zone ahd are” a seriés of 1arge depression zones

of basement. Volcénic products of Quaternary priod
fllled the depre331on 20nes up toward to the sky. 1In
uthose older and youngér volcan;c products of Quaternary
E perlod, folds and - faults by Grustal movement are not
'obsetved but SOmetimes small fOIGs and faults due to
compaction settlement are observed.-'

The internal sttuoturengfstratovolcano is not generally
well known despite its prevalence all over the wor 14.
Fxg.-l.s 4 shows X3 schematic profile of the presumed
_ structure of Semeru volcano, From EL. 1,500 m to top,
_primary volcanic products alstributed and from EL.

_,1 500 n to 800 m, primary voleanic products: and
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ep1clastlc volcanlclastlc de9031ts (Lahar deposits)
are intermized and below El 800 m, epmclastxc
volcaniclastic deposits are dlstrlbuted on the
mountain suvrface. Between EL. 800 to 1,500 m it is
considered as 1nterf1nger section of primary. volcanic
products and epiclastic volcanlclastic,deposits {Lahar
depbsits). As shown in Fig.~1 5.4, bedding plane of
volcanic products is con31dered to be roughly parallel
with the present slope of volcano..

Mt Semetu_
EL 3675.7m

‘ [ \
| | f‘m‘.
Parasitic cone _ ""'J:‘\‘:“‘

£L 1500

. Venl

¥) Not 1o Seqle
LEGEND
Epiclastic Volcaniclastic Deposm {Lahar Oepoms) :

H]I[D Primary Vojcanic Ejecta (Pymclastiﬁ Deposiu and Lava}
V77771 otder Voloanic Products (Jarhb_a'ng-an v.o!.centc Complex)

Fig.- 1.6.4 Schematic Structural Profile of Mt Seméfv_
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on the ting at EL{!1,500 m around Semeru volcano,

several parasitic volcanos are lined up where a

: 6ir¢ular‘faultlié‘préSUmed to exist. Also as shown in
"Fig.-l 4.1, a volcanic tow of ‘Tengger - Semeru con-
_ slsts of a series of volcano whose craters extend in

N-S direction and volcanic row crosses Solo Zone

-'extending 1n F-w direotion at right angles.. For this

?reason it is presumed that a 1arge tranSverse fault
'zone runs cutting acrOss Java Island along Tengger -
'Semeru volcanie row extending in N-8 directxon.

Classification of VOlcanic Products

 In this study, .younger volcanic products from Semexy
volcano are. olassified into following Ewo categories
,according to their origin.

Primary volcanic products

Epiclasttc volcaniclastic depOSits (Lahar deposits)
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Primary volcanic Products {Prxmary Ejecta)

Primary volcan1c products, which have not been. e~
shifted by precxpitatlon. and/or graded by water, are
| directly derived from the center crater and parasitic
volcanos. They are comprzsed lava flow, volcanic ash,
scoria, pumice, volcanic blocks. etc. These are, as
shown in Fig.-1. 5.1, dlstributed mostly above EL. 800

m.

We often hear the word “badﬁ“'lrfhis woid is not
founded on any academlc background but it seems to be
an inhabitants' word 1ndlcat1ng the general
pyroclastic flow phenomena. According to Mr. Suryo of
the Geological Survey of Indonesia, "Ladu" as shown in
Fig.-1.5.6 and Fig.1l.5.7, indxcates a dense mixture of
hot volcanic ash and breccia 1n 1ower part of Nuee
Ardente, and low density part c0nsist1ng of hot
volcanic ash and gas in uppér part of Nuee Ardente is
called "awan Panas" ({hot cléud) in Indonesia.

Epiclastic Volcaniclastic Deposits (Lahar deposits)

When unconsolidated.Primary.Volcanic products mix with
water from precipitation thus losing'their golidity,
landslides and colla931ngs will occur causing dense
mass of debris (2 ton/m ) over~ saturated with water
to rush down. This is the so called Lahar., Lahar
while rushing down erodes the surroundings and
gradually increases its volume. &ﬁst disasters around
Semeru volcanoc are caused by Lahar. This is because
Lahar extends to densely populated areas causing
overflows of the channels. Such Lahay deposits are
called Epiclastic VOlcaniclastic deposits in terns of
volcanology. ‘
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When Lahar 1s caused by heavy rainfall, it is called

"frain Lahar . When its source is hot pyroclastic

“materfals and Lahar 13 also hot, it is called hot
Lahari  As Lahar rushes down, it deposits gravels and
sand, finally becoming flood flow consisting of water
and olay, ailt, sand ‘and fine gravels. This is the so
called Banjir in’ Indonesian language.' But the term
Banjir 1is not necessarily limited to this usage, for
n nest’ cases Lahar and’ Banjir are ‘used interchangebly"
by 1nhabitants._The definition of the term is
ambiguous.l S : ' : :

In this tepOrt, epiolastio volcaniclastic deposite of
- younger volcanic products (Lahar deposits) derived |
from Semeru voloano are bréadly classified into the
' following two' types based on compactness, which differ
1 greatly between the two. Although there may be some
epiclastic volcanistic deposits contained in alluvium
deposits, it 18 not classified as epiolastic

E volcaniclastio deposits, since it contains many

non- pyroolastic deposits such as clay layers.

P Younger Lahar deposits (Very 100$e and fresh)
. OIGer Lahar deposits (Very compaot and somewhat
weathered) 3

In Supporting Report (S) Part J, Debris Flow, for new
deposita of Lahar disaster in. 1981, epiclastic
volcaniolastie deposits {Lahar deposits) are
classified into the ‘following 4 types based on the
'mode of OCcurrence.

V_i)_ Debris flow deposits
,:ii)_ Mudflow deposits A
'ili)é'Mudflow deposits B

1v)  Bedload flow deposits (Same as alluvium
o deposits)
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'For details of the above 4 types, please refer to
'Supporting Report (5) Part J Débrls Flow.

| In the reg:onal geologlcal survey, 3 types of
deposits, f.e.3 debris floW. ‘mudflow A & B are
grouped together as Lahar depos1ts, for the s1mple |
_‘;reason that the different types of epxclastlc
;fVOlcaniclastlc de9051ts ‘{Lahar dep031ts) of varlous'
' d1sasters are vefy intricately accumulated in one
'loutcrop making application of the foreg01ng 4

7 classifioatxons impossible when dxscu551ng regional
‘1:-5'9901095,.:_3_ I S EE T RIS S .

“Fig;-l 5 5 ShOWS a. schematlc correlation among

o -topographical Classif1cat10n, dep031ts class1f1cation

Cine the mudflow study and classiflcation in reglonal
;geological QUrvey.‘ - ' '
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1.5.3. VOLCANIC ACTIVITY OF SEMERU_VOLCANO

{1)

Characteristics of Volcan1c Actlvity of Semeru VOlcano

In ancient tlme, Semeru volcano was a small volcano
created at the southern end of Jambangan volcanlc-
complex. However,. lts crater ‘has been slowly movzng
southward to the present posxtlon. The present summlt of
Semeru volcano is an old crater called Mahameru and the
present active crater is located at the lava deme called
Joggring Seloko 650 m south of Mahametu at EL. 3, 564 m.

The past volcanlc act1v1t1es of Semru volcano are
considered to be a contznuatxon of small eruptions judging
from the distribution of the surrounding volcanic ejecta.
in other words, around Semeru volcano no thick falling
volcanic ash due to large scale eruptions nor welded tuff
due to large scale Nuee Ardente are observed. Also ‘the
d1str1but1on of volcanic ejecta such as volcanic bomb and -
iapili, etc. is 11m1ted to the high: elevatlon (EL. 2,500 m
or higher) of the volcanic cone and not very extensive,

From these findings, it is assumed that Semeru volcano has

not had large eruptions.

At present, eruptios of Semeru volcano are small and
repeated at an interval of every 5 to 10 minutes,
According to observation records compiled since 1818,
Table-1.5.2 (1)} to (5), several cycles of active periog
and dormant periods are alternately repeated as shown in
Table-1.5.3, This is one characteristic of Semeru
volcano. According to Fig.-1.5.3, Semeru volcano is now
in an active period. Also notable is the fact that Nuee
Ardente and Lahar are cOncént#ated on the southeastern
slope of Semeru volcano dr'mOre:ptecisely between K.
Glidik and K.B., Sat and does not rush down to other areas,
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' Téble?1;5.2-(1)“VO1canic Activity of Mt. Semeru

Year = S Activity

Nov. - . - 1818 | In this casé, activity means
 peb. -“i8§§a erupt1on. If it is commented by
Dec. 15, 16 - - 1830 | "1ava’ flow“, it means that'at that'
Apr. 18 - o - 1832 Eime{:éﬁéept eruption, lava flow
Aug. 3, s - 1336' also occurred. -
Jul., oct. :fT?J,fffiééé, {A note’ from translator)
 Jan. Mar. - asaz2| - -
Sept. | _.'-11844_
Jul: - 1345
' Feb. Aug. - 1848
Jan. - 1851
Sept. 10 - 1856
Aug. 13, Sept. - 1857
Apr., Jun. - 1860
Jul. - .1864
Apr., May L~ 1867
oct, 23 - 1872
Apr., Sept. - 1877
e
pec. 11 - 1884
Jan., Apr. ' R
Julg,fSept } |
, "_3511., fAPr_- ] e
Jul., Aug. |
Feb., Mar. =]
Sept. 10, Oct. 10
Feb., Mar.y .. oo | o
May, Oct._]_;j3f1j”f”%ﬁ;3§§:_ff
Jan., Mar{"_”]r ot |

"~ 1885 | Lava flow
- 1886

- 1887| nava -

_ Junc’ Octof Dec

?'iéé§'”§é¢a flow.
Jan.; Dec. R '  ; 1890 i |
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Sept. 21, 1941 - Peb. 1942

Jun. 12 - 18

1945

Table-1.5.2 (2) Volcénic'hcﬁiﬁity of Mt. Semeru
Year Activity
‘ Feb., May - 1891 [rava fqu.'

Mar., Apr. - 1892 | o

Jan., May, Dec. - 1893

Feb. - 1894 |

‘May 22, Jul. 10 - {rava flqw andkﬂahar flood.

oct. 1 ] ~ 1895 Farm lgnﬁlﬂas damaged.

May, Jun. - 1896 SN

Jan. - 1897 |Lava Elow

Feb. ~ 1898 |Lava flow

Jan., Mar., Aug., '

Pec. - 1899

Mar. 29, Apr. 11 - 1900 |Lava flow

Jan. 29, 30 ~ 1901 ;

Jun. 26 - 1903

Jan. 2, 16 - 1904

Aug. 4 - 1905

Jan. 7, 10 - 1907

Jan., Dec. - 1908

Sept., Dec. - 1909 | Nuée Ardehte

Jan.,, Mar., Nov. - 1910 SR

Jan., Feb. - 1911 Lava flow, Nuee Ardente, Lahar
flood.
Parm land was damaged in Nov. - Dec.
1911, ;

Aug. 28 - 1912

Jun. 23 - 1913

Eruptin from radial cleave, lava
flow rushed down tc Besuk Senmut
river and buried Bantengan
Irrigation Station. Lava flow was
5.6 km long. _
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‘Volcanic Activity of Mt. Seméru

Activity

 Year
1946 -
1947
1950
1951

s

1953

1953

1955

1958

1960 .

1961 -

1961

lgga T st e

. . Nude Ardente. - Farm land was
. ~damaged Feb. - May, Oct. - bec.,
- was forming lava doom.
7 f};Mar.;— Jun. |

-Lava flow rushed down to Besuk
Semut river Jul., Nov. 23 - Dec.

;ffLava-flow‘rushed_down to Besuk
- Semut rivery November.

Lava flow rushed down réacﬁxng Mt,

r:H‘Totogan Malang and Kobo! an river -
- Curah Lengkong river.

'1;Material producted by avalanéhe
‘:increased.

3Lava flow rushed down to Kobo'an
river.

'-Activity increased, Lava flow:in

Feb, 22, May 4, 1947,

;}Lava flow rushed to Glidik river 1
- Kim-long. Apr. 27 - lava doom
- formed.

.irﬂay*r

-April, May, August

‘;,Eruptioﬁ. Pyroclast1c ejected
. out: Forest near Besuk sat and

"-.Besuk Tompe (rivers) was burnt,
-Lava- flow rushed to Glidik,

Kembar, Bang and Kobo'an {rivers).

=~ .. Lava flow rushed to Kobo'an &
. -Curah Lengkong and Besuk Semut
cooirfver.  Nude Ardente of Avalanche
c.type rushed to Besuk Semut river.
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volcanio Activity of Mt, Semeru

Year

1963

1964

1965

1966
1967

1968

1969

1970

1971

i

_'Sétiﬁity-

oy .
—

May 54 at 14:10 p.m, Nuee Ardente
entered Curah Lengkong. Kali
Pancing and Besuk Semut, about 8
km distancé from the summit. Lava

flow was running to Curah

Lengkong, Kali Pancing. and Blank
Semut, The activity rested July.

The eruption blew out ash,
Sometimes also blew out the
greyish-white ash to 4,000 m
high., Nude Ardente rushed down to
Besuk. Semut, Curah Lengkong and
Kembar river.

The activity was only blOWlnq ash
through the year.

The ash reached up 50 - 100 m
high, in April), ash reached up 500
m hxgh above crater.

‘Blowing ash through the.yéar.

Since September, it showed a new
activity. ‘Lava doom was formed at
the south side of crater rim, as
the upper stream of Glidik, Bang,
Sat and Kobo'an river. Lava doom

" was formed- precisely at the centre

point of ‘eruption in 1963,
Secondary Lahar ocourred at
Glidik, Kobo'an and_Rejali rivers.

Lava doom formation was
continually going on, Lahar flood
killed 3 persons at Sumber Wangkal
v111age. L

Lava doom - formation was still
going on, -

Eruptions through the year and
lava- flowg-

Eruptions went on,



pable~1.5.2 {5) Volcanic Activity of Mt. Semeru
S raee s Bebowiia o o

Year - - o _17,_j_ s bctivity

Eruptions went on. Nube Ardente

1872
- _rushed to Gl1dik river.

p

1973 R 'j{  S£nce August, lava doom was - formed
o _ s -+ andilava tongue increased, HNuee
: Ardente rushed to Kobo'an river.

1974 S ' _ '33& Fruptions was still 901ng on,
1975 o L _,}- k _--':EruptiOn and lava flow in July.

1976 'f“" IEENEE R Eruptions.} Nuée Ardente of
g o ' | explosion and avalanché type
.- tughed down to Kobo'an tiver.

1977 e E -':Eruptions and Mude Ardente rushed
‘ : © 1 té Lengkong river, Kobo an and
' ermbar tiver. _

1978 e L Eruptions went o, Jan.-ls, 17,
S e 23 41978, ‘Nude Abdente rushed
.. down to Kembar river (6,000 m -
distance from top) and April 6,
13, 29 - Nude Ardente was rushing
to Kobo'an, and Kembar river,
{7,000 m distance from the top).
June 2, Nube Ardente again rushead
‘down to Kobo'an river (4,000 m -
distance).
“August, ‘Nude Ardente rushed down
.. again to Kobo‘'an and Kembar river
{7,000 m - distance). .

1979 .- .|~ gruptions and Nude Ardente went on
_ actively.-

1980 | - Gas eruptions, Nuée Ardente rushed
- : T T to Rembar river.

1981 o - Gas eruptions, Nude Ardente rushed
o b - to Kembar river. March 28, '
avalanche type rushed to Bang
“river (10.5 km - distance £rom the
top) and to Besuk Kembar river (4
km -« distance from the top).
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Table-1.5.3 Periods of Activity‘and Dormancy of Mt. Semeru
after 1818, (A. SAKAI AND I. SURYQ, 1980)

Period of Dormancy Period of Aotlvity Number of

{Year) L (Year) : Year
1818 - 1829 N | - 11
1829 - 1848 - | - 20
1848 - 1856 ' - 8

1856 - 1865 9

1865 - 1872 R 7
| 1872 ~ 1879 7
1879 - 1885 | . | 6
1885 ~ 1913 | 28
1913 - 1941 | | . 28
1941 - 1942 1

1942 - 1945 ‘ 3
| 1945 - 1947 2
1947 - 1950 . 3
1950 - Present -
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3Nuée Ardente

At proscnt, Semeru volcano is frequently shooting up great
amount of white smoke. ‘Part of the smoke is observed
drifting dOWn K. B. Bang and K.B., Kembar on the south-

eastérn slope of the . volcano. At nigh, many incandescent
' lava blccks can bc observed rolling. along the slope from

the flashing crater.¢ These are small scale Nubé Ardente

and many recorded Nuéc Ardente are given in the history of

crupticns ae ahcwn in Tabie 1 5 2.‘,

sincG_Nuéc Ardcn;é{ishvcry;hct }abqu; 900 centigrade
around thé Crater)'and thé flow'specd'ié very fast (90 to
100 km/hr) flowing down in near. gaseous condition, easily

'passing over. obstacles, forecasting, shielding and
'sheltering are vetry difficult. Consequently, it causes

very severe damages. Although no ‘direct damagc by Nuée
Ardente has been repcrted in the study area, in 1885 and

1895 the crater rim was brokcn by the ascending pressuxe
~of lava dome resnlting abundant volcanic products rushing
“down thc 310pe inflicting qreat damage to the villages.

Nude Ardentc ts clasaified into two types "Nue Ardente
Avalanche Type" and "Nuée Ardente Explosion Type".

'According to records of volcanic erupticns. both types cf

Nude Ar&entc occurred at Scmeru ‘yolcano. Schematic

'_drawings of the two types of Nuée Ardente are given in
Fig.-l 5. 6 and Fig.-l 5, 7. |

~3 Nuée Ardénte of the Avalanche Type

:3Wh11e r_shing down the: slcpe, incandescent lava blocks
”f;are further broken intc fine particles producing a
_fmass of pyrcclastic materials such as hot ash, sand
.Hhand angular gravels, etc. This mass floating in the
”Tghot afr. and vclcanic gas rushes down along the
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volcanic slope at a great speed. This is Nude Ardente
of the avalanche type. This Nube Ardente of the
 ava1anche type rushqs down at a. speed of 90 to 100
:km/hr extending to a. distance of 4 to 5 km from the
'central crater of Semeru volcano.

Upper part of Nuée Ardente is comprised of less dense
- cloud :1ike volcanic ash and lower part is comprised of
'dense gruel like volcan1c ash mingled with angular
_gravels. The former is called "Awan panas“ and, the:
- latter.ﬁbadu",in the Indonesian language.

-g'“Nuée Ardente of the Explosion Type _

 Nude Ardante of the explosion type is Airect ejeota
from the c;ater composed of materials roughly similar
~to Nude Ardente of the avalanche type. The character-
istic of Nude Ardente of thé explosion type is the
emission of céulifloﬁervliké smoke~from”the:crater
' when-uuéé-nrdente:is_émittéd;s Both Nude Ardente of -
‘the explosion type and Nude Ardente of the avalanche
'type'afé composed'of "Awan panas" and “Ladu”. The
rushing down speed of Nude Ardente of ‘the explosion
©otype, which fs 1ittle faster than that of Nude Ardente
“of the. avalarnche type, 1s about 100 km/hr extending to
San distance of 6 to. 7 km from the cratet.

Lava Flow

At ‘Semery’ volcano, a g:eat amount ‘of lava have been

emitted frdm ‘the central crater and parasitic volcano
Craters.- Lava Of Semeru volcano sometimes changed its
lithélogical facies’ Erém andesitic to basaltic, but
andesitié facies ate pfedéminant.
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The thickness of andesite lava flow of Semeruibblcéno_is 
ten to several tens of meters with an apparently very slow
flow speed. The surface of laﬁa'éoﬁéréd'ﬁith”smooth
polyhedron blocks. Wavy lava wrlnkles are clearly
observed at right angles to the directlon of Elow.

surface and bottom parts are comprised of polyhedron
shaped lava blocks. Central part is compact and
homogenious. ' ' o . |

The lava flow of such nature is generally called Block
Lava often observed in relatively high viscosity lava flow
such as andesitic, dacitic and rhyolitic type.-

A notable example of lava flow of Semeru volcano, occurred
on Sept. 21, 1941, in which lava gushed out from a fissure
1.3 km long ruinning in N - S direction on the south-
eastern slope toward K.B. Semut. This was a typical Block
Lava of andesite with the.temperatute of 1,060 C at the
start. When it finally stéppéd'in Feb..L1942‘it had
extended 6.9 km in length and had c¢overed an area of 3

km . Its volume amounted to about 3,0@0,000 m3. While
the descending speed of lava flow was 500 m/day at the
start, it suddenly slowed.down.'_af the'eﬁd of flow in
Feb., 1942, it had only reached 6.9 km from the crater.
The results of the chemical ahalysis of 1év§ show
pyroxene, augite andesite cOntaini@9-57%-Of Sioé- This
andesite lava filled up the upper Stream of K.B. Semut,

As a result, the basxn of the upper reaches of K, B. Semut
has shifted to the basin of K. Rejali. For this reason,
Lahar disasters rarely oCCUr in K. B. Semut basin, while
they are more frequent in K. Rejali basin.
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(4) -Rélaiion BétWeen VOlcaniQ Activity and Lahar Disaster
-According to records of dlsasters and eruptions of Semeru
-volcano, volcanic aotlvities and occurrence of Lahar seen
" to be closely related. in other words, more Lahar occurs
_in the active period of Semeru volcano.. After big-scale

_-geruptlons, large scale Lahar is apt to occur since primary
| volcanic eJeota just deposited on the slope are loose and
very. unstable, breaking easily wzth precipitation. In
such gaggs, hot Lahar often occurs.,.

(5)  volcanic Activxty and Rain“j

“In MThe Java, Part II" by Junghahu, local inhabitants ate:
iquoted ‘ag sayxng the volcanlc activities become nore
active in the:rainy. season.; Dt M. Newman Van Padang, a
'_volcanologist,;however denies this theory, - saying that
smoke emitted-in" the dry geason shows a grey color giving
- the impression ‘of ‘thinness, . while in the rainy season the
v#smoke shows & dark grey color qlving ‘the impress1on of
thickness, The impression of thickness could mislead the
“inhabitants to judge the eruptions in the rainy season to
_:be 1arger than they actually aré.  Also heé claims that in
'%the raxny season; because the top of Semeru volcano cannot
be seen 51nce it is covered with clouds, this may further
help m;sleading,of_the inhabitants' judgement. '

1
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1.5.4 HYDROGEQLOGY

In terms of hydtogeologY, it is assumed that in the present
study area on the foot of Semeru volcano an impervious basement
is composed of: 1) andesite. tuff and volcanlc ‘breccia of
Pertiary System and ii) older volcanic products of Jambagan
Volcanic Complex, In short, compared with loése younger
volcanic products of Semeru volcano, the degree of consolida-
tion of Tertrary System and older volcan1c products is quite -
high. Furthexr, it is assumed that there is a thick layer of
laterite rich in clay, produced as a result.of tropical
weathering, over the surface of the -impervious basement.

Younger volcanic products of Semeru volcano assumed to be a
relatively pervious layer are composed“of primary volcanic
products and epiclastic volcaniclastic deposits, as described
in 5.2 "Geology P : _

of the Study Area“. Semeru volcanic fan is mostly composed of
epiclastic volcaniclastic deposits, A theoretical hydro-.
geological model of Mt. Semeru is represented in Fig.-1.5.8.

Although part of the precipitation failing on ‘the slope of
Semeru volcano streams downward as run-off, it Is suspected
that some rain water would infiltrate into the volcanic cone
thus forwming ground water coursing in the interior of Semeru
volcano. It is thought that the strato-structure of Semeru
volcano shown in Fig.-1.5.4 would strongly control and in-
fluence the manner of flows of ground water created by the
infiltration of rain water.

In general, as volcanic products of Semeru voloano includes a
large amount of fine particles of ash, ete,, lts petmeability
is believed to be rather low being in the order of K = 1074
cin/sec. Ground water is thought to be couraing through water
veins in the volcanic products of Semeru veleano,
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The possible water veins for ground water to flow through would
be: i) Lava rich in crack, auto brecciated part at the bottom
of lava flow, ii) pyroclastic dePOSLts or Lahar deposits_with_
fow fine materials, iii) Filled old river coutses and gullies,
Phrough such water veins, ground water is assumed to flow along
the bedding plane of volcanic deposits of Semeru volcano. The
permeability coefficient of water veins is presumed to he in

the order of K = 1072 cm/sec.

When water veins rise to the sufface; they turn into springs.
The most representative ones from a number of springs yieiding '
copious volume of ground water in the £00t of Semeru Volcano
are at: i) Selokambang spring located appIDXImately 5 km due
west of Lumajang City, ii) Jugosari_sprxng 1Qcated‘at the foot
of Tertiary Mountains in the K. Rejali Fan:and iii)]Sumber'Utup
spring where ground water gushes out at the tip of lava flow,
in which auwtobrecciated part'of-lava flow bottom act as water

veins.

Towering to the southwest of Semeru volcano, Tertlary .
Mountains, composed of Tertxary System belxeved to form the
impervious basement in the foot of Semeéeru volcano. In the
Teritary wountains ground water level is felatively'high.

The Tertiary Mountains district is covered densely with
vegetation. Even during the dry season, there is some water in
valleys. Moreover, in the severely weathered tuff along K,
Lengkong there is a tubular water vein of 1 - 2 c¢m in diameter
providing spring water all the year round.

The Tertiary Mountains district is believéd to abound fn ground
water. As was described in he geology'aeotion of the ﬂﬁUdy
arca, because there are numerous existing faults with cop-
plicated geologlcal structure in Tertiary S&&tem; its hydro-
geological struoture can only be assumed to be also Similarly
complicated,
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As a particular example oE springs in Tertiary System, there
are caves in 1imestome layers disttibuted in a very narctow area
near - the mouth of K. Glidik yielding a large volume of water.
'considering the small scale of rock mass of limestone layers
and’ tOPOgraphical ‘features, it appears that this .spring is
issueing from. K._Glidik c0ursing just in the back of small rock
R nass. of iimestone layers.' On the other hand, because there is
no limestone distributed 1n the foot of Semeru volcano,
continuous caves capable of developing into a system of water
veins axe believed to be nonexistent.
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GEOLOGICAL SITUATION OF THE - PLANNED SITES OF MAJOR SABO
FACILITIES AND WATER CONSERVATION

-1.5.1 Geological Map shows the locatlon of the major.

Planned sites of sabo facilltles and water conservat1on.

106'.1

PRONOJIHO DAMSITE

Pron031wo dam51te is an 1mportant szte of debris controi plan

along

(1)

K. Glldlk.

Topography

'Pron031wo damsite is located east of PronOwao v111age at

the west end of the study area. It is located around the
boundary between steep Tertiaiy mountains to the south and
relatively gentle Semeru volcano mountain slope to the

"north. In the damsite, K. LeﬁékOng runs westward.

(2)

The width of K. Lengkong at the damsite is 40 to 60 m with
about 10 m high cliffs along both banks of the river. The
right bank of the damsite is a small flat hill surrounded
by K.B. Bang and K. Urung-urung. . The léft bank of the
damsite is the foot of Mt. Kukusénserit1 at EL, 945 m WIth
terrace like topography of about 150 m in width.

Imnmediately downstream of the damsite, there is a fall of
about 15 m in height. Further downstream from the fall,
K. Lengkong dissects deeplQ‘té form a steep valley.

Geology

As shown in Fig.-1.6.1 Schematic Geological Profile of

- Pronojiwo Damsite, the damgite. is composed'of Tertiary

volcanic breccia and andesite lava and older Lahar
deposits from Semeru volcano. On the riverbed of the
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damsite, andesite lava of about 10 m in thickenss is |
distributed roughly horizontally and is underlain by weak
volcanic breccia. On both banks older Lahar deposits
thickly cover these Tertiary 3ystems.

At the damsite no faults or sheared zones are observed.
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1;6;2'-xi LENGKONG FAN

‘At the foot of K. Lengkong Fan, K. Lengkong flows to west., By
3constructing a sabo dam at the foot of K. Lengkong Fan, volcanic

products from Semeru volcano can be stored thus - preventlng te-
erosion: of sediments._ As a sub31diary utility ground water in the

| stored sedlments and_ K. LengkOng Fan- and also. surface water on

K. Lengkong Fan . can be developed A prOJect of this nature is

:belng planned... ' '

{1) Topography .

| K. Lengk0ng Fan, located in the southeastern slope of
Semeiu; VOloano, and: was damaged by Lahar dlsaster of 1977
~and’ 1978 tus turning into waste land. K. Lengkong Fan, a
,'relatively steep fan wlth inclination of about 2 degrees,
is classified tOpOgraphically as Lahar steep sloped fan
'containlng many ‘small ‘gullies dissected on its surface.
On the Opposite side of K. Lengkong ‘Fan. a mountain range
of Tertxary System EL. ‘about’ 1’ 000 m extends from east to
west creating a large shield which blocks volcanic products
from Semeru voloano.

(2) Geology

As shown in F1g.—l 6.2 Shemat1c Geological Profile, geology

L of Ki' Lengkong Fan. consists of volcanic rocks of Tertiary
_System (tuff, andesite, etc ), consolxdated older Lahar

- depOSlts of Semeru volcano coverlng the former discordant-
ly and looae younger Lahar deposits of 1977 and 1978 on
the surface, - Also_on.the north of K. Lengkong Fan, there
are andes;te_lava'from parasitic volcano.
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Ground water of K. Lengkong Fan is located at a shallow
‘place of 1 to 4 m from the ground surface even in the dry
season _' accb';a{ﬁg “to =P‘_i;e_11minary ‘well inventory. Local
inhabitants say that in the rainy season the ground water
. level generally rises about 1 m, Water is observed in the
‘gullies even in the dr_y ‘season. The spring {s located at
EL. 320'€6 830 m. - Thefrivers_become dry at BL. 830 m or
highérf : FERNICERN P
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1.6.3 DIVERSION CHANNEL

Ther is a plan for a diversion channel from K. CQtah Kobo'an to
the upstream of K. Lengkong. The object of the diversion
channel is to divert Lahar flow from K.C. Kobo'an to the upe
stream of K. Lengkéng to protect K. Rejali fan that is a :
frequent Lahar disaster area on the downstream of the K.C.
Kobo'an from Lahar disaster.

{1)

(2)

Topography

This area is located on the relatively steep slope of |
Semeru volcano and its inclination is about 2 degreés; In
the south of this area, mountains of Tertiary Syatem EL.
about 1,000 m rise which block volcanic products from
Semeru volcano. The inlet of the diversion channel is
planned between about 1.5 km to 2.5 km upstream from C.
Kobo'an check dam. While K.C. Kobo'an flows in southeast
direction in this section, on the downstream of this
section, the river course abruptly turns toward east. The
width of K.C. Kobo'an in this section is about 200 m and
cliffs of relative height of about 10 to 20.m are formed
on both banks.

The outlet of the diversion channel is planned at 1.5 km
southeast from C. Kobo'an check dam and located at the
boundary of Tertiary mountains and the foot of Semeru
volcano. '

Geology

Geology around the planned course of the diversion channel
rnostly consists of older Lahar deposits of highly con-
sollidated gravels and sand, Around the outlét. soft
Tertiary tuff is distributed., On both banks of X.C.
Kobo'an around the inlet, highly consolidated older Lahat
deposits are exposed with loose gravels diateibuted on the:
riverbed, | :
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_Nearfthe'tiVer COUréé,'there'is ne lava flow on the
surface and presumably no large lava flow exists in older
Lahar deposits from topographical viewpoint,
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1.6.4 CURAR KOBO'AN CHECK DAM

(1)

(2)

Topography

Curah Kobo'an check dam is located in front of the narrow
and steep valley of Tertiary mountains. The fan of Semeru
volcano (K. Poh Fan) expands on the left bank of the
damsite. The right bank is composed of steep Tertlary

mountans.

The left bank of the damsite has cliffs of relative height
of about 20 m while the left bank is a slender rldge '
sticking out like a paninsula. The width of K.C. Kobo'an
at the damsite is about 150 m with a fall of relative -
height of about 3 m immediately downstream of the damsite.

Geology

As shown in Fig.-1.6.3, the bedrock of C. Kobo'an damsite
from bottom to top, is composed 6f white altered dacite,
mudstone of about 100 cm in thickness, andesite lava of
about 3 m in thickness covered with alternation of tuff
and tufficious mudstone. The aforesald layers are all
Tertiary System., The said Tertiary tuff and mudstone
layers form mountains extending over the right bank of the
damsite. '

On the left bank of the damsite, older Lahar deposits ate
distributed discordantly covering the Tertiary Systen.

In older Lahar deposits immediately downstrbém on the left
bank of the damsite, small new landslide is observed. At
the border of the Tertiary System and older Lahar dopoéits.
at the foot of the landslide, sprindgs are obsorved in many
places, '
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1.6.5 SABO FACILITIES SITES ALONG K. MUJUR AND K.B. TUNGGENG

On three sites in the basin along K. Mujur and K.B. Tunggeng
hit by Lahar disaster of 1981, construction of the following

structures is proposed.

Name of Site | _ .Structures
Gesang | ConSolidation-dam
Kloposawit ‘Sana pocket
‘Kertosari | _ | Sand pocket

Outline of tdegraphy and geclogy of each site is described

below,

(1) Gesang

-Topography

'Gesang is located in the middle reaches of K. Mujur at

the central to south side of B. Sat Fan. The topo-
araphic study indicates that this proposed site is
located in the gently sloped Lahar fan, (Lahar fan-B),

Here the width of K. Mujur is about 100 m with 3 to 6

‘m high cliffs on both banks.

Geology

on both banks of XK. Mujﬁr at Gesang site, highly con-~
solidated older Lahar deposits are found, however, on
the edge of both banks and on the riverbed, loose
younger Lahar deposits of 1981 still remain.

The ground water table at this gite seems to be
shallow. Out-permeation of ground water from both
banks {8 observed.
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Kloposawit

.i-sg"'

':Topography

‘xloposawit site is located around the cOnfluence of

”::K B, Tunggehg and K. Poh about 1.8 km upstream from

t_the confluence of K. Mujur and K.B. Tunggeng._ This
site is nearby. flat in topography where Lahar was
‘spread widely in. 1981. Therefore, its surrounding

area extensively covered with boulders of various

'“fsizes. The width of the riverbed is about 100 m and

‘. 'the. relativs hexght of both banks is as low as 1 to 3

Com. This site’ is 1ocated at steep Lahar fan '(Lahar

_*Vfan INE of ‘upper part’ of. B. Sat fan by tOpographzcal
‘ classificatiOn. ;;;;;-f :

Geology

r_Geology of Kloposawit site consists of highly con-
' solidated oldsr Lahar deposits and loose younger de-

posits (mostly from disaster of 1981) on top. Younger
Lahar deposits over older Lahar deposits are generally

‘;thin with' the latter oropping out sporadically on the

"riverbea as fensters.

'Younger Lahar deposits are not. distributed over the
“right bank: of K. Poh’ but are found over both banks
fdownstream of the oonfluonce point of K.B. Tunggeng

V}fand K. POh. x: '

Qi'GrOund water seems to be located in shallow depth with
;f out permeating from both banks of K. Poh.
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Kertosari

‘Popography

Kertosari site is located topographicaliY'at the stéep
slope of Lahar fan of upper part of B. Sat fan.‘ The
width of the rlverbed at Kertosarl site is narrow ang
cliffs of relative height of about 5 m cont1nue on

both banks.

'Geology

- Geology of Kertosar1 sxte con31sts mainly of hlghly

consolidated older Lahar¢ Over the fan on both banks,
thre is a thin cover of loose younger Lahar (1981) of

few centimeters in thickness. Riverbed dgpqéits dis-

tributed on the riverbed is'cohsidéned to be very thin
according to the surrounding condition. '

The ground water table at this S1te is located at
shallow depth and out- permeatznq ground water from
older Lahar deposits at several spots is observed on
both banks. '
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1.7 CONS;ﬁERATION |

In thlS chapter geOtechnical cons1aeration on' the pr0pbsed site
of main sabo facilit;es and water convervatlon is discussed.

(L)

' Pron031wo Damsite

: Andesite lava d1stribﬁtéd on the riverbed is sufficiently

strOng with 1ts sheai: sttength presumed to be more than TO
=120 ton/m . But tuff bréccia 1ying underneath is weak
and a detailed study must be made on the slipping along
the boundary between both layers. Oover the right bank of
the’ damsité though’ oldér Lahar dep051ts consisting of

_hlghly consolidated gravéls arée thickly deposited it

. cannot ‘be used for-foundation 6f a'large concrete

structufe.. AlsQ t09égraphic shape of the right bank”ié
very poor: ~These are’sérious obstacles in designing a
high dam.  Considering’ the above topographical and

‘geolégical conditions, construétion of a dam of more than
'i40ﬁﬁ'1h‘héiéht~wou16réeemrto’be Quite difficult.

‘Lahar de9031ts; -andesite" lava and welded tuff of Tertlary

green tuff aré ‘considered as available source of ‘aggregate

layers. Andesite lava, as ‘shown in Fig.- -1.5,2 Geological
. Map, is 10cated relatively close to the damsite. Its
;volume is very large, and its ‘quality is generxally good,

though partiy porous and brittle, But since the areas
where lava flow,. is distributed are located on the steep

,slopes in the middle Of Semeru volcano, access may be
:somewhat difficult. These are ~dangerous areas because
;ypyrociastic flow often rushes down upto this area.
” Tertiary welded tuff is d1stributed in the mountains in

the north side of C.. Kobo an, valley.= it is .generally hard

}-and_gpmpact_with fe_f;ssures showing very little effect of
‘weathering. As aggregate material, this layer has the
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best quality in the study area, Since these are very -
steep mountins, it would appear that quarrylng would be
difficult. Lahar deposits distributed all over the. study ;
area are excellent for quarrying. Lahar dep051ts contaln o
varloﬁs sizes of andesite gravels. Although different
from place to place, coatent of gravels, by visual
inspection, seems to be generally over 50%. On the other
hand, however, silt which makes greater part of Lahar
deposits may affect the yield, |

quhly weathéred tuff dxstrlbuted over the foot of

rertiary mountans and highly. weathered layer of green tuff
are considered as available. source of soil mater1al.
Righly weathered tuff very rich in flne particles, having
a high content of natural water is not a good matetlal for
embankation., Its quantity is large, and is easily
accessible from topographical point f view, however,

While highly weathered layer of gteen-tuff has a proper
mixture of gravels and fine paxticles and.it$.qua1ity'is
better than weathered tuff, it is thinly distributéd over
very steep mountain slope, perphas making borrowing very
aifficult, | |

K. Lengkong Fan

Since the grouwnd water level in K. Lengkong Fan is very
shallow (-1 m to -3 m), spring water is available even in
the dry season. The area is considered to abound in
ground watér, As a hydrogeological structure it can be
considered, on the whole, to be an aquifer of younger
volcanic products on- the'imperviOus'baSQmént of Tertiary
system. It is believéd to be a structure reguiated by

strata-structure of Semeru volcano.
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" Diversion Channel . - .
_Geology around the planned course .of dlversion channel
. consists mostly of Qlder Lahar deposzts with no thick lava

. flow, Geology. around the outlet conszsts of soft,
;-weathered Tertlary tuff.; grom_;he fqroqoing,.in ex-

‘cavating a, diversion channel, mechanical instruments can

'_”boluSed instead of EXquﬁiyos._

4

Curah Kobo'an Check Dam -
There are fOllowing ptoblems with regard to geology and
topography of the Curah Kobo an Check Dan. |

- 'Hard“aﬁaééitéflavojdiSttibotéd_ongthé riverbed is as

_ thin as 3 EoiB“m}‘”Béﬁeotﬁ'thé lava there is weak
' mudstone (uniaxial compressiOn strength is 23 kg/cm -
28 kg/cmz)

4,'Tuff forming ‘a hill on thé left bank is soft and highly
weathered.. , '

"~ The shape of the right bank is a slender ridge and its

capacity is small.

-';On‘the:left bank. Older Lahar deposits are thickly
;deposited but they are too weak to constract any large
struotures. '

From the foregoihg, it is considered very difficult to |
construct a dam as high as 30 m. But since hard. andesite
is distribdted on the. riverbed, it is considered to be

'pogsible to construct a dam of about 20 m in height.
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Sabo Fac111t1es SlteS along K. Mujur- and K.B. Tunggeng

On 3 sites of Gesang, Kloposawit and KertosarL, Younger
Lahar deposits and rivérbed deposits lie ovec_older Lahat
depésits. The depth of older Lahat'dépOSitsléh the:fiver-
bed in Gesang site seems to be large Substantial but it
seems very shallow at Kloposaw1t and’ Kertosari sxtés. “The
ground water seems to be located at shallow depth at’ thése

3 sites.
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1.8 POLfCY pF-GEOLOGICAL _INvEs"i_-IGATIfON WORKS

'In Chaptets 1. 6 and 1. 7, outlines of geology and topography and
geothechnlcal considerations are glven on the planned site of
major sabo . facillties ‘and water conservat1on._ ‘Based on the
;results, varlous geological 1nvestigat10n works and laboratory

'tests were prepared...

'Table 1.8 l summarizes the Ltems of survey, ob]ectzve,
methodOIOQY: expected résults and 1ocat1on of invest1gat1on

works.

Before undertaklng the stud;es, JICA Study Team prepared
specificat1ons of the erks and submxtted them to Semeru
Pro;ect 0ff1ce.- ' : :

The - specxf1cations are $ummarized in Supplement Report D-1
SPECIFICATIONS OF GEOLOGICAL INVESTIGATION WORKS..

The tesults of various survey works and tests are discussed ‘in
Chapter 2 Do : '
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2. LAND CONDITION
| 2;1"1ﬁTRobﬁcTIoN |

.This ohapter i) desoribes the land oonditions of the areas ii)
'presonts an’ outline of topography and geology and iii) dis-
cusses geotechnical oonsiderations based on the results of the
study carried out on tho proposed construction sites of the
'following structures and the planned sito of water conservation.

fl)' PrOHOJiWO Damsite

77 .....-Proposed sito of sabo dam

(2) K. Lengkong Fan

'f..... Proposed site of water conservation

(3) K. Mu;ur and K‘B. Tungqeng

’;.... Proposed sxto of a consolidatlon dam and sand
pockets : . . _

The studies were carried out for the above areas as shown in
Table-2 1 1. ' ' ‘ - |

Of these studios, boring, seismic sounding, electric sounding,
in-situ petmeabllity test and 1aboratory soil test, except
geologioal :econnaissanoe, were carried out by the Indonesian
govotnment._ ?rom May to- september 1932 and from April through
May 1983, JICA Study Team carrried out preparation of the

_ speoifiéations of these tests and survey works, technical
advices for the field survey works ‘and analysos of the results
of tho investigations and tests, '

Tho specifioations of the woxks and tosts prepared by JICA
Study Team are oomprised of tho following 7 volumes., The 6
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Tadle-2,1.3 Items and quantitiés of Geological Investigations and Tests

Investigation Slte_

Tten of Investigation and Test

o B Quantities

CGeological reconnaissance Scale 1:2,000

About 0,5 kn 2 :

T&téi.b koles, 87 o,

Bori :
Panmsite né Lu test 11 ftems
Selsmic sounding Tbtg}_@ seasuvred
' 1nks, 3 ke
Pronojivo Gralo size analysis 2 tests
Pamsite : SR
Natural water coritent test 2 tests
Soil1 Test Specific gfavity'test 2 tests -
Consistency test 2 tests
Compaction test 2 tegts.
Laboratory permeabidity test 2 tests -
Natural vater content test 6 tests
Aggrepate Test] Specific gravity and water absorvption test .6 tests
Grain size analysis 6 tests
- _ ) . ] 2
Goological reconnaissance Scale 1:1,000] About 3 ka
Field Survey 7 holes, 4 m in
and In-site Boring '82 and 1 khole '83
Test Qa0
Total 103 o .
Electric sounding 50 points
K. Lepgkong o
Fan In-situ permeabllity test 5 tests
Fleld depslty test 5 tests
Natural water content test 5 teste
Soil Test CGrain sfze analysis 5 tests
Specifié gravity test 5 tests
Gagang Ceologleal reconnalssance Scale 1:5,600 About 0.2 i
Consolidation : S s S
Damsite Blectyic sounding o 16 points _
K. Hujur, Kloposawit Ceological reconnaissance Scale 115,000} About O.?Ikm2
K.B. Tunggeng| Sand Pocket : oA
Site Electric sounding 8 points
¥ertosari Geological reconnalssance Scale 1:5,000 Atout 0.1 kit
Sand Pocket : S : ’
Site Electelc sounding 6 potats

K, Hujur and K, Re a2l

o e e

Grain slze anslysis
Speciffe gravltj'test
Ficld ‘density test

Heasurement of grain size by pﬁoto

24 teses
6 tests
b tests

& ~ 190 photos
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volumes from a to £ were submitted to Department of Public
- Works (hereinafter called DPU), on June 10, 1982. Volume (g)
 was presented to DPU at the end of April, 1983.

'BaSed cn”thé épecifibatiohs, DPU issued a work order to
Institute of Technology of Bandung (ITB) to commence 1nvesti—
”gation ‘and testing works at the end of June, 1982

The 7 volume specifications are compiled as Supplement Report
b-1 SpeCLfication for Geological InvestigatiOn Works.

'a):

e

a)

e
£)

9)

.*spec'ff'i';a-e'igg*ﬁ'
pecieication
_ébecificéiléﬁ

~ Lengkong Fan-

of Drilling Work

ofnSeismic Sounding

fafJﬁiebhriciScuhdiﬁq'

of In-situ Permeability Test

of Materials and Soil Characteristics
cf Ri¢§£iMé£ériaisFCharactcristics Test

cfiaddi?ichai'ufilliﬁg Work in K.
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OUTLINES OF THE STUDY RESULTS

Pronojiwo Damsite

| ?rbnojiwo damsiﬁe is comprised of alternat1on of Tertiarg

andesite/volcanic breccia on the left bank and the
riverbed. On the right bank, Older Lahar deposits which
are volcanic products ﬁrOmﬂSemetQ‘volcano are thickly
aistributed.' o '

gutline of geological and topographical features of the

Pronojiwo damsite is given below.

a)

b)

c}

d)

The topography of the left bsnk“is suffidiently large_
but in the r1ght bank K. Urung2 sharply diSSeots'to
form a peninsular like rxdge. The ridge gets thlnner
at the higher portion to 150 m thlck.

Rocks exposed on the riverbed are very harad ahd com-~
pact andesite, their shearing strength being estxmated
at more than;g)= 120 ton/mz. -‘Also 31nce the

thickness is more than 10 m, construction of a
concrete dam of about 30 m in height 1s con51dered to.
be possxble. fWhile volcanic breccia layers '
distributed below are generally med1um in hardness, at
places layers are porous and fragile. (Estimated o
shearing strength is about to= 30 - 50 ton/m Y.

Older Lahar deposits thickly distributed on the right
bank is considered and compact.

Alternation of andesiﬁe/Vo;canic breccia has low per-
meability and a zone of less than 5 Lu can be reached
in about 10 wm after encoutering these layers,






D-79

LU’IA_JANG

1
Y
\ .,trl._l..../ " _U)t..rlb Ny S st T “
> . had hat r
TN \ ~ . & Sl S
[ ‘. \,. Pt . . Pl
o N , b - et . o~
../Ar A . <o ..\.._ /. - e
~ . . T B b .~
I../. A . 3 Y - w |||||||||| r
N e DT o e ;o
N L f../ P o oo L
i - et TR P
s e, P e
- " o . - el
/ﬂv R !
R T — e -
A r/r/n,u-?.? f!/.,llnlu. o
e 1A — S
A N
A B e N
3 at LS Y
" 5 3
Bo o BT N Ny S
}\L ™
I Caty .

“Lorfolidsliod Dom

A\ Ges

~ ~,
. ™
s, [
Sl v\
.
.
.
-
\
. \
]

LEOGENO

(Vo] veremi Bracio
{T1] fenr ;

[

Altsreation of Andusite Lave ond Woloonic Bractie )

} Primdry t}oeu

[BIT] Grsn Tutf, Anceste and Weided Tuti

Lést Omatih
Ow-«ih

l.‘fﬁs'@

Epciaaliy -~
Isateinte

e

Fig-2.2.1 Location Map of the

E mnitic tha
M__p’.sm 1 Gemdury

sty

PP

Investigation Sites

e,

OO
g

-t Geclpgical Profid Line

B
[

i ‘.-.-' _. _!.“-

(]EE] ip;};cumg :“b%a N

* Altwrial Ospestts

re:

;0

Y& toe

‘Hf i
L0

\)
Ll







D - 80

As- the subject of study of the damsxte in the future, the
following are con31dered.

a)

b}

Inioidef Lanar;depoeits on- the right bank of the dam-
site, althOugh there are caves of 4 m in diameter at 7

_:“to 8 m depth, thelr d15tr1but1on and continulty nust
J‘be conflrmed.xa_;‘ _nn

‘Beating sténgth and'permeability.of 0lder Lahar

., deposits on -i_t_h? ight bank must be confirmed.

'iZ)oTK._Lengkong Fan S

K. Lengkong Fan damaged by Lahar in 1977 and 1978 has now

i - . ;

with turned 1nto waste land K. Lengkong Fan is a gentle

'slope with geologlcal feature from bottom to. tOp of tuff,

alternation of: ande31te and tuff breccia and. tuff of
Tertlary perlod asg. basement, older . Lahar deposzts 1a1d on

“the Tettlaty basement and younger Lahar deposits of 1977

and; 1978 covered on the: top.ﬁ Next, an. outllne of
ge010gical features and ground water of K. Lengkong Fan

Wwill be dzscussed.;

: a) ;

t:-)'=

Petmeabi;ity;céeffieiept%of younger Lahar dePOSlts
(1978) ‘is low at K = 4 to 5 x 107 % cm/sec.

n

'HPermeability coefficient of more_compact older Lahar
adeposits 13 generally lower thanfthe above'figu:e.

'
: e T b
Syt AT

Permeability coeffiCLent Of hzghly weathred tuff of
Tertlary period on the qround surface is high at K = 1
% 10 cm/sec. This is due. to larger void ratio of . .

_.K3 —-4 5 and,higher por031ty.” Permeabllity coefficient
‘;at greater '

!epth is estimated to be far lower, because

3 }1 .3

f?;of compaction due to“greater load,



c)

a}

e}

£)
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Water dries up at about EL. 830 m or hlgher: but 1“
lover elevation spring water is observed in manY

places.

As a model of ground water of K Lengkong Fan,
baSLCally it is considered to be stratified model
strongly regulated by the strato- ~-structure of Semeru
volcano,

Tovard the west of the fan, a ridge of Tertiary tuff
runs from north to south in the underground and on the
east side of the ridge, a large ground water basin is
predicted.

The ground water level of K. Lengkony Fan is high at
-1 to -4 m during the dry season rising to about 1 m
from that of dry season in the rainy season.

The followings' are recommended as the study themes of K.
Lengkong in the future..

(3)

a)

b)

Geological structure, permeability, transmissibility,
strage and specific capacity of older Lahar deposits
in the underground.

Regional distribution of Plane of Unconformity between
Tertiary system and older Lahar deposits, in other
words the shape of impermeable basément,

K. Mujur and K.B. Tunggeng

At 3 sites along K. Mujur and K. B. Lengkcng, f.e.: Gesang,
Kloposawit and Kertosari, construction of structures is
planned. The résulis of geological survey of these 3
sites are given below,
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Table 2, 2 1 Geological Conditons of the Planned Site
: of Gesang, Consolldatlon Dam

{50 - 120)

'RééiéfiVity Resistivity Tﬁickhéss e Geology
Layer value (ﬂm) {m) | _ : D
B o7 [Moving riverbed deposits
LI 140 - l 000 1.5 - 4 |partly saturated with water,
R 1, h1gh permeab111ty
L :;'Q';; fﬁgjj« EOR R Younger Lahar deéposits
RS 3 lﬁﬂf;fﬁsol: 5,5;+315 saturated with water, high
SR i -, ;A[,‘ SR permeablllty
: : 350 - 580 - Older Lahar deposits saturated
NS & & S | - "|with. water, highly compacted,

permeability est1mated low

Table 2.2,2 Geologlcal Condltlons of the Planned
. Site of Kloposawit Sand Pocket

Resistivity

Layet

aeSistiﬁity
value (8m)

ThiCknéSs
{m)

Geblogy

80 - 1,120

Moving riverbed deposits ot
younger Lahar deposits partly

‘|saturated with water, high

permeability

<390'e-440

3 - 15

Surfate layer of older Lahar
deposits saturated with water,

|pexrmeability estimated con-

siderably high -

I11

[(Loo -

710
140)

400 -

0lder Lahar deposits saturated
with water, highly compacted
and permeability estimated

comsiderably low
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Table-2.2,3 ‘Geological Conditions of the Planned site
of Kertosari Sand Pocket

Resistivity| Resistivity| Thickness ~ Geology
Layer |value (am) | (m) '

' I Mov;ng riverbed d99091ts
1 -230 - 1, 34001 - 3.5 |partly saturated with water,
' S high permeab111ty

| S Surface layer of oldex Lahar
183 230 - 540 |8 - 32 deposits saturated with water,
' permeability estimated com-
paratively high

‘ - > - Qlder Lahar deposits saturated
v 530 - 830 | = |with water, highly compacted,.
: _ permeabillty estimated
considerably low

As the geological conditions of the above 3 sites are estimated
by electric sounding, they need to be confirmed by boring in -
the future. ' '
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2.3 PRONOJINO DAMSITE -
2.3.1 CONTENTS OF THIS BECTION

In this seetion, the results of the preliminary geological
survey for the foundatiOﬁ of the sabo dam planned at Prono;iwo
are analyzed._ Baseé on the findings, a genetal outline of
_geology of this site s discussed as well ag the possibility of
construction of a daf and problems of dam foundation.
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2.3.2 TOPOGRAPHY AND GEQLOGY OF THE DAMSITE

pronojiwo damsite is located to the east of Prono;iwo village
at the west end of the study area. As shown on the location
map of dam51tes Fig.-2 2.1, the place is on the boundary
between steep mountalns of Tertlary System and slope of Youngef;
volcanic¢ products from Semeru volcano. The right bank (south) '
is the Tertlary mountains and the left bank (north) is, gentle
slope of Younger volcanic products from Semeru volcano. - Also
Pronojiwo dam51te is located near the west end of the range of
Younger volcanlc proddcts. About 1 Km westward from the dam-
site, older volcanic products from Jambangan volcanlc complex
are w1dely distributed. Pronojiwo damsite is near the area. of
primary volcanic products (mostly pyroclastic flow dep031ts)
and these progducts are thlckly and widely dJStr1buted about 2
km north of the damsite. At the damsite, pyroclastic flow
deposits called Ladu depsoits are distributed sparcely sug-
gesting that pyroclastic flow rushed down as far as Pronojiwo
damsite in the past. Explanation of the topograpﬁy and geology
of the Pronojiwo damsite follows,

{1) ‘Topography

Pronojiwo damsite, as shwn in Pig.-2.3.1 Geological Map of
Pronojiwo Damsite is located downstream of K. Lengkong and
just directly upstream of the damsite, i.e. there lies the
confluence of K. Lengkong flowzng west and K.B. Bang
flowing south. ’

The width of K. Lengkong at the damsite is about 40 to 60
m and both banks have steep cliffs of 10 to 15 m in
height, About 80 m downstream from 8~2 line of seismic
sounding, there is a fall of about 15 m in height,
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ﬁ'gotge of‘10“£¢'zo'm'in width continues with steep cliffs
of 15 to 20 m on both banks. Theré is also a very large
fall of 130 m 1n hexght about 1 km downstream of the
dam31te._fji'f‘

Tl Ay

The 1eft bank of the dam31te, situated on the foot of Mt,

Kukusan Seriti. of Titlary System, shows topography of slow

terrace lxke terrain of about 150 m in w1dth.' on the left

bank, part of the mountain side from the terrace~like

terrain, a steep’ slope Of around 25 degrees develoPS._ On
the left bank of the damsite, there is no large valley

Sl

!'large.: Fot this reason there w111 be no obstacle in

c0nstruct1ng a dam of about 30 to 40 i 1n hexght from

ftopographical V1ew.l-

on the r1ght bank of the dams1te, a gentle skirt terrazn
“of Semeru volcano wldely spreads and on the upstream K.B.
"Bank runs to northwest and on the downstream K. Urung

sharply cuts toward north - For this reason the left bank

of the dam31te forms a small trlangle hill, When this
"small thin’ h111 is uaed as’ foundation of a. dam, the height

:

of the dam and its des1gn wlll be restricted by this
topography. e

Geology

::;Fig.nz 3 l shoWs the‘geological map of the dams1te and

7,’Flg.-2 3 2 shows the geological profile of the damsite
’drawn by synthesizing the results of geological recon-
'na1ssance, seismic sounding and drilling works.

As ehown in these. figures, geology of Pronojiwo damsite is
composed of those shown in Table-2.3.1. Sequence of

*Strata of PronOJiwo Damsite.
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Table-2.3.1 Sequeéence of Strata of proncjiwo DamSIte

Age Néhe of-Layer Component Material
" Quaternary | Riverbed deposits Presently moving sand and

gravels along riverbed.
Very loose.

Surface highly | the surface layer of tuff
weathered layer of Tertiary period which is
R ' highly weathered, somewhat

creeping from the previus

location, :
Ydunge:_Lahar Consisting of sand and gravels
deposits ' and forms a terrace along the
. river course, veéry loose.
Ladu despoits Jconsisting of volcanic ash,

sand and gravéls, A type of
pyroclastic flow deposits,
very loose.

Older Lahar deposits|Consisting of sand and gravels,
' Relatively compact, distributed
mainly in right bank. '

Tertiary | Tuff Consisting of soft tuff, partly
: |tufficious sandstone and tuff
breccia. Distributed roughly
|horizontally from above EL,
1640 m on the left bank and
weathering reached to deep

portion,
Alternation Alternation of hard compact
of andesite/volcanic |andesite lava and weak porous
breccia . |volcanic breccia, Thickness of

each stratum about 10 to 20 m,
Bedrock of damsite.
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Alternat1on of andeszte/Volcanlc Breccia

HThey are alternatlon of hard, compact and931te and
"weak porOus volcanlc brecola, the - thlckness of

1ngle 1ayer being 10 to 20 m. Ande31te is very

.hard w1th very Eew cracks, wh11e tuff breccla is
.weak andlespec1ally poor part has fully turned to
= clay in which andesite fragments are mixed as shown
in, the sectlon of 15 0 to l? 7 m deep of B-1 hole.

......

.% Shear strength of ande31te is considered to be more

than‘ﬂ>= 120 ton/ﬁ? and that of volcanic brec01a is

'con31dered to be about 0= 30 - 50 ton/m Andesite

is gray 1n color and character1stlcally contalns

';olivxne as phenocryst.

iﬁTuff ‘ . o _ _
_The tuff 1s distrlbuted roughly horxzontally above

EL. 640 to 650 m .On the left bank of the gamsite.

f,The tuff, having undergone wether1ng to a great de—;

"gree, is so soft that a hammer can be .easily driven’

i1ii}

,into_it.ﬁ Therefore, this layer 'is not suitable as a
~ dam foundation. A little high plateau-like terrain

distributed over the left bank on the down-stream of
K B Bang consxsts of this tuff,

Older Lahar Deposits o

Older Lahar deposits consists of cqarse sand and

| breccia, poorly sorted, and is not stratified.

Oldex Lahar éeposits are comparactively well
compacted and cannot be easily broken with a pick of

.hammer.

_Qldctxpohgrsqébééifé;a;é §hick1y distributed mostly
~on the left bank side and thinly attached to the

foot of Mt, KokosaﬁSeriti on the right bank. Older
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Lahar dep031ts on. the 1eft bank extend 30 m at B- 2
hole and 70 m at the end of S 3 measurlng 11ne of
seismic sound1ng.7 For thls reason, as shwon 1n

Fig., -2.3.2 Geologlcal profile, the unconformitwe
plane between alternat1on of andesite/volcanic
breccxa and Oldet Lahar deposits is roughly
horlzontal from rlverbed.' The hill on the rlght
bank may be said to be fully composed of older Lahat
_dep051ts.

The top layéflof 01def Lahar doposits ié covered
with 1 to 3 m thick surface soil presehtly used for
caltivating. The soft and loose surface soil,
containing a large amount of Organ1c matters, ls not
suitable as foundation for large structures.

Three(3) Caves are observed in the older Lahar
dep051ts about 80 m upstream from 8-2" measurlng line
on the right bank. o : o
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-_The s1ze of the caves is 5 m high, 3 to 4 m wide. and
"about 7 to'8 m deep getting nartower and higher in
‘the. 1nter10r.. From these caves,:a small amount of

' spring water is obsdrvéd, It is assuméd that they

'5fWere formed at the: spots where pipe- lzke water veins
=‘in; the older Lahar depos1ts appear on the ground
Surface by wash1ng out sand and gravels with gushlng
*”spring water. ;‘ '

adu Deposits 73-1f;"

: .Ladu dep051ts are very loose pyroclastlc depos1ts
derived dlrectly from volcanic eruptlons of Seneru

VOlcano composed of volcanic ash _volcanrc sand and
small breccia., At the damsite, they are dlstrrbuted

'f”on the West bank and on the confluence of K.

V)_

:Lengkonq and K.G. Banq 1n a narrow range with the

'3thlckneSs of about 2'to 3 m. But the existence of
f.*these de9051ts 1ndicates ‘the rushing down of

3iPyroc1astic flow (ex Ndée Ardente) as ‘far as

Prono;1wo dam31te.

Younger Lahar - Deposrts

;Younger Lahar deposits consisting of very loose sand
;and breCC1a can be easily broken with a pick of
'hammer. ‘At the damsite, younger- Lahar deposits form

i a terrace along” the river course.‘ Three such
"-terraCee were' observed in Sept 1982. Younger Lahar

fde9031ts are always subjected to erosion by the
'-rivers, repeatihg a cycle of new suPply and

;’f“érosiOﬂ-: Accordingly, the form of distributlon is

tovéry' unstable. The thickness of younger Lahar

| f-'-'deposits is’ about 2 l:o 10 m.

Ay
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vi): nghly weathered Surface Layer'

The hlghly Weathered surface layer covers the left
bank of the dam51te exten51ve1y. Thls 1s a
weathered surface layer of ‘tuff of Tertlary Period,
Some part of the_layer are weathered at the previous
positioh but most of them are creeped and have
become secondary deposits (Talus). The highly
weathered surface layer of 10 to 15 m in thickness
consists of soft, loose clay and weathered, brittle
gravels., Presently this layer is being used as plow
land, S

vii) 'Rlverhed Deposrts

These ate sand and gravels presently moving over the
riberbed. The rlberbed around the damsite are very
thln, ex9031ng the bedrOck deposits near the dam

axis., On the upstream of the damsite, rrberbed
deposits, whose estxmated thickness is about 2 to 3

m, are d1str1buted along the rrberbed.

Geological Structure of the Damsite

Next, geological structure of Pronojiwo damsite will be
discussed,

Alternation of andesite)tuff:braccia and the tuff, both
belonging to Tertlary System, are in concordant
relationship showing gentle ondulatron locally. The
inclination of the undulatiOn is only 2 to 3 degrees
toward the- downstream of K. Lengkong.. The Quarternary
Period older Lahar deposits, Ladu depoeits. Younger Lahar
deposits, hrghly weathered surface layer (Talus) and
riberbed deposits overlie the Tertiary formations, The
plane of unconformity between the Tertiary formations ang
Quarternary formations are roughly horizontal viewed from



	D. GEOLOGY
	1. GENERAL GEOLOGY
	1.5 TOPOGRAPHY AND GEOLOGY OF THE STUDY AREA
	1.5.2 GEOLOGY OF THE STUDY AREA
	1.5.3 ACTIVE VOLCANISM OF SEMERU VOLCANO
	1.5.4 HYDROGEOLOGY OF THE STUDY AREA

	1.6 GEOLOGICAL SITUATION OF THE PLANNED SITE OF MAJOR SABO FACILITIES AND WATER CONSERVATION
	1.6.1 PRONOJIWO DAMSITE
	1.6.2 K. LENGKONG FAN
	1.6.3 DIVERSION CHANNEL
	1.6.4 CURAH KOBO'AN CHECK DAM
	1.6.5 SABO FACILITIES SITES ALONG K. MUJUR AND K.B. TUNGGENG

	1.7 CONSIDERATION
	1.8 POLICY OF GEOLOGICAL INVESTIGATION WORKS

	2. LAND CONDITION
	2.1 INTRODUCTION
	2.2 OUTLINES OF THE STUDY RESULTS
	2.3 PRONOJIWO DAMSITE
	2.3.1 CONTENTS OF THIS SECTION
	2.3.2 TOPOGRAPHY AND GEOLOGY OF DAMSITE




