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. TOPOGRAPHY AND NATURAL DISASTER

1. INTRODUCTION
1.1 OUTLINE OF TOPOGRAPHY

Mt.VSemeru is located about 100 km sOutheast of Surabaya and

- about 30 km west of Lumajang (long. 113 E, lat. 8 S); the study
area covers the southern and southeastern slopes of the moun-
taln thh an area of about 730 km (Fzgs,el_l and 1.2),

Mtt.semetul one of thefmost:activé'folcanoes_in Indonesia,_is a
very young stratovolcano of the Quaternaiy period and stands at
the southern end of a series'of volcanoces stretching north and
south. This range'of'VOICanoes is generally divided into three
-topographical units (A. Sakai and 1, Suruyo, 1980) referred to,
from north to south as Eollows._

B Tenggat mountalns
Jambangan complex volcano
Mtﬂ_Semeru-

Mt. Semeru 1s the yougest of these volcanoes and is belng
sformed on the southern slope of the Jambangan complex volcano,
'which 1s the oldest. Among these volcanoes, the Semeru volcano
and the Bromo volcano, found 1ns1de the Tenggat caldera, are
Stlll actlve. 7

Mt. Semeru has been inactive for the last ten years and the
act1ve crater of the volcano is gradually shifting southwards,
The old crater, considered to have been active in the past, is
called the Mahameru crater and. remains on the north of the
-Joggrlng Seloko Crater, which is still active.



Mt. Semeru is considered to be 00ver1ng a mass of bedrock
composed of ejecta from the Jambangan volcano, and the bedrock
temains as planeze on slopes on the east and south of Mt.
Semeru and exists as a dissected volcanic piedmont on’ the'leftﬁ
bank of the B, Tompe and K. Lateng.

On the other hand, a range of mountains is found on the south
of Mt. Semeru, cousistinq of Tertiary rocks with an elevation
of 200 m to 1 000 m. The piedmont of Mt. Semeru develops ox-~
tensively from ecast to ‘southeast’ and reaches’ as far ag Lumajang;
however, its development’ towards the south is 1nterrupted by o
the Tertiary mountains. The slopes of. Mt. Semeru extending
towards the north are’ formed covering a 1ength of 2 600 m over'
the Jambangan volcano. SR SR o

A great number of valléys are conspicuously deVeIOped On the -
southern and southeastern slopes of Mt. Semeru. | These valleys:
can be classified iato thrée river systems flowing' {nto ‘the
tndian oceans i.e., K. Mu3ur, K. Rejali and K. Glidik systems.
The K. Mujur flows southeast in the piedmont "Of Mt..Semeru and
the B. Sat and B. Tunggeng are tributaries 6f the K. Mujur.

The K. Rejali deeply erodes the.Tertiary_mOUntains (KobOan
valley) and forms an alluvial fan at its lower reaches once
again. The K. Glidik collects water frém valleys on the‘":
southern slope of Mt. Semeru ‘and £lows down deeply eroding a’
valley in the Tertiary mountains; ‘the tiver férms no plain ofzi _
appreciable size, but sevéral’ alluvial fans’ are formed by the o
B. Sarat and B. Kembar, along the way, which join the K._
Lengkong. |

The topography of Mt. Semeru 'Can be divided into ‘three units T
according to their features as indlcated 1 Fig.-l 3. The |
following are the descriptions of each of thése units in terms
of thelr topographical’ features.‘ ' ' ‘ ! B



{1)

(2)

- (3)
ijThe ‘area -is formed outside the volcanic fan and has flat

_;topography ‘with a gentle slope. The K., Mujur and K,
'Rejali flow over the area with a depth of 5 m to 10 m.

Main Part of the Volcanic Cone

The area covers the volcanic slope between a point with an

elevation of 1,500 m and the summit, with a slope of 27 .

The slopé is further divided'into the upper slope (EL,
2,500 m to summit), which is subjected constantly to the

‘present voleanic act1vity w1th0ut vegegation, and the

lover slope (EL, 2 SOO,m below}, which is covered with
forests. The upper slope has an average slope of 33 or
greater and is subject to considerably gully and valley

-head e;OsiOn,'which prbvides_an'impdrtant source of

debris. The lower slope has an avérage slope of 22 and
has many ‘well-developed gullies and deep valleys cutting

1nto the slope.

VOicdnié Fan

The volcanic fan consists of lade and lahar fans covering

‘a w1de area 150 m to 1 500 ™ in elevatlon.

'The area is consxderably subject to dlsasters brought

about by lahar; and the fans are divided into three areas

llong1tud1nally and 1nto six or seven areas laterally, ac-
'cordlng to the breaks in the slope and 1rregu1ar1ties in
;the contout 1ine. ' '

1Thelladu fans are fdﬁnd'at elevatioﬁs between 800 m and
o1, 500 m and most of them are“coééred withrlavag they are
- further characterized by the presence of parastic

volcanoes._

'Volcanic P1edmont Periphery

"['Aluvial plain of the K. Bondoyudo and coastal plains are

_ﬂfound further outside the area.
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'1;2 : PROBLEMS

The study area is sub]ect to natural dlsasters to an extensive
deqree due to several types of volcanic act1v1ty and mudflow.

_ In_general, Indonesians classify such disasters caused by
vdlcanié acfi@it} and mudflow into two types; one is referréd
to as "nue ardante" and the other, “1ahar“ Nue ardante occurs
as a dxrect result of an eruptlon and its dep031ts are called
"Ladu“,.whxle dlsasters referred to as lahar or "banjir" result
frOm'destructiOn caused by heavy raiﬁfalls.

Generally speaking, lahar is a flow of water and earth con-
talnlng relatxvely more gravel and boulders compared with
banJ1r, but thlS does not mean the presence of a clear dis-
t1nct10n between . the two terms, EJecta flowing down with water
before they are ¢ooled are called hot lahar and e]ecta suf-
flclently cooled before flowing down the slope are called cold
lahar. '

1.3 PURPOSE OF STUDIES

.The studxes under dnscu351on are carrled out w1th a vxew to

'determlnlng land conditions in respect to dlsasters by under-
standlng the topographical characterlstlcs and the nature of
disasters of the areas subject to damage by volcanic mudflow.

o The results of the studies will be used as basic data on topo-

rgraphy for the determ1nat1on of areas sub]ect to possible
dlsasters and format1on of programs for erosion control.



" preliminary field survey : '
_ 1. Prepare: index map

~ from aeria photos
_ ;. and latge scale
R Preparation for photo - { .. maps . -
— rnm interpretatlon 1.2, Prepare 1ongitu—
Fﬁﬁ- ' S | 'dinal cross
Field survey. - . . ‘- v oo e | sections
(based on _ . . =3, Read: exxsting

interpretation) R . ' o maps

 Phot6:ih£erbréta£ioﬁ ;{fl. Landform S
o S | ,classification'

. : . : r B | - | 7.-
Transc¢ription of classi-"
fication fromphoto to maps

' 1, 'Chéck: the results
R SR - o 0f interpretation
Field survey | 2. Observe outcrops -

' R - 3. Make inquiries
.. on disasters

Revision of the results
of photo interpretation

Preparation of landform
classification map

(L : 50,000)

Analygzs of T Analysis of past
geomorphological o S '““disaster area
characteristics : S N & - _

. Mudflow Study

Preparation of possible
disaster area map

Fig.,~-1.4 Work Flow
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1.4 STUDY METHOD AND WORK FLOW

In order to clarlfy the topographical features of the study
area and the relationsth between tOpography and disaster
ateas, interpretation of aerial photographs and field investi-
gations were cohducted.

Photogréphs taken by a public works firm in July, 1981, i.e.,
after the disaster of May," 1981 ‘Were used; interprétation of
topography through aer1a1 photographs was undertaken gsimul-
taneously with preliminary field investigations.

'DUring the topography'field:inveétigation} obsefvatidns on
topography and outcrop were made., Topographical maps; water
system maps and reliéf maps were prepared.

The investigation of disasters was started by conducting
preliminary interpretation so as to confirm the:topography
subjected to diéasters'in the past. An inquiry was, made in the
field about pést disasters with referehce to existing disaster
area maps and the results of the interpretation, Partial cor-
re¢tions were made on'the'disaSteraarea maps based upon the
inguiry. Furthér, the relationship between the disaster areas
and topography was scrutinized and probable disaster area maps
were prepared pased upon the results of the scrutiny.

2. TOPOGRAPHICAL STUDY
2,1 CLASSIFICATION OF TOPOGRAPHY . .
A topographical ciéSéificatiqn map was prepared based upon a

map drawn on a_$éale_of}L/50,000;'the items used for the
classification are as indicated below,



(1)

H -~ 10

Items Used For Topographlcal Classxfication

Tertlary mountalns and HlllS

Landforms created by the Jambangan complex volcano'

i)

i)

D1ssected volcanic pledmont

Mudflow hills

Tenggat mountalns

i)

_ Dlssected volcanxc pledmOnt

Landforms created by Mt‘ Semeru

ii)

iii)

Deposits of primary ejecta

1) Lava flow deposits S TR

2) * Slopes consisting of volcanio debtis .
3} ParaSthc ‘volcano - |

4) Bare slope consisting of new e]ecta and made
by erosion of qullies : '

Landforms created by other volcanio activity
1) Crater walls (Jonggrxng Seloko crater)

2) 01d crater walls

"3)  Crater walls of paraSLtic volcano

Landforms created by epigenetic processes _N
1) Eroded valleys

a) Valleys directly connected to the active
crater {always transport new. materials of'
eruption) ' S S :

b) Valleys reaching points near summit

 {volcanic materials flow down them_Wheré
-eruptions are appreoiable) TR
c) Valleys! oriqinating in €he mldway slope



- 4) |

2)

3)

H -~ 11

Valleys which fo longer function as chamneéls
due to deposits of lava or pyroclastic flow

-Volcanlc fan

w‘_a} Ladu fan

.5)

b)__Lahar fan w1th steep slope_

Q)l'Lahar WIth gentle slope

d)'.Former river course -

e) ‘P01nt of change in rlver course channel
L“shlfting point

_Landsllde--

“a) - Large-scale landslide at valley head or

'large -scale qullies

b) Landslide in May, 1981

¢c) Slumps caused by lateral erosion

Periphery of volcanic piedmont

Others__ .

1)

1)

I2) .

. :4)

sy

3)

;Alluvial plain

ZAlluv131 plaln and valley -bottom plain

Coastal plain

- a} Back marsh and lowland

b) - Sand bars

River tetraces

Steep scarps

a) . Steep scarps {more than 50 m in relative
height) ,
b) Steep scarps {(less than 50 m}

TéIUSes'and'alluvial'cbnes'
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3

2.2 DESCRIPTION OF ITEMS USED FOR TOPOGRAPHICAL

{1)

(2)

CLASSIFiCATlon_g

Tertiary Mountains and H:lls

Accxdented mountains in their prime of life are found to
west of the K. Leprak and to the south of ‘the K.

Lengkong. The mountains have an elevation of 200 m and
1,000 m 1n the south and north, respectively, and prevent
the development of the piedmont of Mt Semeru towards the
south. The mountains con31st of Tertiary r0ck and their
slopes are steep and dissected by small valleys at narrow
intervals. The K. Glidlk‘fiows by deeply cutting through
the mountains. .Isoiated'ﬁiile COnsiSting of Tertiary rock
are also seen standing inside fans on the east of the K.
Leprak. '

Jambangan Complex Volcano

This topographical unit inside the study area exists on
the notth of the B. Sat fan, i.e., on the north of K.
Lateng, it is also found on the west ‘of ‘Mt. Semeru and its
southern slope and. piedmont.r The voicano is the oldest of
the series of voloanoes found in the aree.r The volcanic
slopes of the Jambangan volcano are dissected by many
valleys and, as a result, forin relatively large accidentedt
topography (25 - 100 m in the 250 m mesh): which appears as

planeze.,

A great number of small ‘hills (EL. 10 m and under) COn-
sisting of volcanic ‘breccia are- found on the periphery of
Mt. Semeru, south oOf Pasirian.i From’ their composition and
topographical features; these hills ate consideted to have
been formed by the deposits of considerably large scale
volcanic nudf low hills. The condition of wethering sug-
gests that the deposits were brought about at an earlier
time than those brought about by Mt. Semeru: however,
there is no data which clearly indicates the origin of

these hills.
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{(3) Tenqgat Mountains
The piedmont of the Tenggat mountains lies in the north-

east 6f the Lumajang plain: the piedmont conszsts of
plateaus whlch undulate gently. '

{4) Topography Formed by Mt Semeru

Topographical olass1ficat10n of Mt. Semeru is essential
for ‘the present studles._ Suzuk1 ‘showed the relationship
between the topography Of a large scale stratovolcano in
Japan and the comp051t10n of the volcanlc mountain as in
Flg.e2 3 (1982); 51m11arly, Shumltt drew a model llke the
one given 1n Flg.»z 4 (1933)

Suzukx further polnted out that the lines wh1ch longi«
tudlnally cut a large scale stratOVOloano, if drawn as a

' seml-logarlthmlc graph w1th the eleVatlons representlng
the logarlthms, w111 result in broken 11nes consisting of
several segments- assuming that these irregularly con-
t1nuing p01nts in the longltud1nal oross sectlon represent
the dxfference in the slopes of deposits peculiar to the
_varxous ejecta and secondary deposits whioh form a
volcanxc mountaln, the follow1nq formulas were prepared

- for each of the segments- Coh

wnéié; Y :_iElevatlon (m) of any glven point on each
N 'Vsegment ' . e
- You 'Elevatlon (m) of top end of each segment
5 S Horlzontal distance between Yo and Y
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1

At Those commonly drawn 1n
' preV1cus texts._ Note that, as
shown in A the proflle is”
f commOnly takcn as a stralght or
'.slightly curved 11ne without
“any. n10k-pcints On seml-'

LA NN T TR

[
-
-

' -1Ogar1thmlc graph.
B Those proposed in the
7}present paper: for andesxtxc

o fstratovolcanoes. .
: 71 lf:jiB éj Semi logarlthmlc
R express1on of B 's profile.
inThe profilé is dlvided
generally into four straight
";csegments with dszerent slope
decrements; a' SUmmit part
__sllghtly gentler than b, b
- -main part of the COne, ct skirt
¢ part, a1 peripheral part. B 1
_“Schematic diagram showing the
'_nvariatxon of total thickness of

’r G
z..;‘:.v :

-

Fig.-2.3 Schemétic'Prcfile; ﬂ‘-various materlals constiLut1ng
and Stfuctutécofr'  the volcano with distance from
‘,Stratovalcénces’ _'f,the source.  13 eXplosion
(Soutce: 15&2&&1; 193éi - breccia dep091ts aistrjbuted

. . V:fballistically, 2 pyroclaStic
alrfall deposits tran5ported by wind, 31 lava flows, 4: poorly-
vesiculated pyroclastic flow depcsits, 54 well-vesiculated
pyroclastic flow depcsits, 61 mudflow deposits, 7: ta1US
deposits, 8: fluvial deposits. PR



AB -

H - 17

Pig;-2.4 Ideal Séheme of the Profile of a Tropical
e "Volcadd’iFfpm ScﬁmidE,L1933,_?ig,_27);'

Ideal section of dry ac—i' ' ACE

= Idem of lahar deposits.
cumulations of cxnders and . AFH = Idem of river flood

ashes., : " deposits  (“bandjics").

. when différehtiatéd,

Y = 4 exp(adR)

The value of £ was then assumed to be the slope at the top
end of the respective segment, and the value of a great

_'numbér‘bf'largé-séale"étfatobbicénoes'was'obtaiﬁéd;

*iPhe” conbination o6f the three types of depositlon (dry

‘accumulations, wét” lahars, river deposits) causes two
'discont1nuities in’ the protile of tropical volcanoes at D
‘and G. This rendérs the profilé to be not a continuous

mathematical curve, as ' is’ often,thought, but to consist

" often of three more Qk‘lésé straight sections,
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The results are as tabulated below:

Table-2.1
Substance _: Value '¥ Topography R ;Viﬁgiué"
Trajectory fall Apﬁréx. 0.42|Summit ;of large scale (0,70 ~ 0.48
dép051ts T stratovolcano B
Lava 0.58 ~ 0.019|Mountainside of 1arge~ 1.09 - 0.39
o scale stratovolcano R
small-scale ~ |0.56 = 0,09 |skirt of. 1arge- -scale [6.34 - 0.06
pyroclastic flow " stratovolcano :-’_ . s .
Large-scale . |0.08 - 0.01: Periphery of large- . 0.05A~_0,00_
pyroclastic flow‘ scale stratovolcano o
Volcanlc mudflow 0,15,- 0.00 |
_alus 0.33 - 0.20
volcanic fan 0.27 - 0.05

Soprce;  Takasuke Suzuki (1982)

When the 1ongltud1nal CLOSS. seccion is expressed on. a

semi- logarlthmlc graph- according to the method suggested
by Suzuki, the result will. be as show in Flg¢-2 S.

Fig.~-2.6 is a locatlon map for longitudinal suqvey llnes;-
black dots 1ndlcate lava and. + indicates the - presence of
mudflow hills, and it is noted that a. sinqle longitudinal
cross section consistg of several broken 1lines, Clear:
‘irregularly: continuing points on each sutvey line are
found in the vicinity of elevations 3,300 m, 1,500 m, 750

m - 800 m and 150 m,

With respect ‘to values, their

corresponding sections of the volcano aret
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“Eievétion' Corréséonding Section
_3300 m or over: _ Summit

1500 m - 3300 m 'Mounta1n51de

150 m ~ 1500 m - VYolcanic skirt

150 m or uvnder . Periphery

- Further, the éﬁrfaCe_OE the summit is assumed to consist
- of deposits of trajectory fall deposits f:om its;x_va1ue.

The volcanic skirt is composed of pyroclastic flow,
volcanic mudflow and volcanic fan deposits; the substance
and the agent forming the surface can sometlmes :be learned

:through the results of observatLOns collected for outcrops

(i)

of the area and its topographlcal features, = The topo-
graphy: brought into exlstence by Mt, Semeru volcano is as
follows: '

Deposits of Primary Ejecta

the area between EL; 1,500 'm and the-summit:maihly-
consists of primary ejecta. The gullies developing
aroung the main part:of the volcanic cone (EL, 1,500 m
and over) are recognized to possess alternating iayers
‘of lava and various types of debris:from aerial photo-

- ‘graphs; " in the rlvers, lava is: likely to be found
o forming waterfalls. : ' : : -

7Thé‘méiﬁ‘part'§f the volcanic cone is dividéd -into an

area covered with forests (EL. 1,500 - 2,500 m) and a

; baﬁé area'(EL;’z,SOO'm'and'ovef):-the5former is
characterized by the presence of deep gullies, while the
latter is characterized by the presence of narrow
gullies and 1arge-soale‘1andslidés, which prove to be a
principal source of debris.

- Lava flows are f@f@éd fﬁ Eﬁé’volcénié'Skirt (EL. 1,500 m

andﬁun&érf{ tbééé léGa:fléws reach as high as EL.

s
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750 m - 800 m, and in the case of areas along the B.
Semut, they reach as high as BL, 450 m. The surface of

the lava flows are marked with such topographical

features as steep cliffs on the front periphery,.
volcani¢ levees, lava wrinkles and others, all of - which
can be clearly confirmed by aerial photographs. '

On the other hand, ‘the deposits of perCIastlc flow and
mudf low do not. necessarily possess clear topographical

features and,: therefore, their" distrnction from™
‘secondary dep051ts is difficult,’ Areas cOnsxdered to
~ consist of deposits of pyroclastio flow or - large—Scale

mudflow include the area under which an old valley, ;"
assumed to be an old valley of the B. KObo an, is
buried. ‘The area is found On the right bank of ‘the B
Kobo'an and in the neighborhood of the village of Sumber
Sarig the topography of the aréa’ resembles that ‘of the

| area uPStream of the K, Batang of the Merapl VOlcano in

Central Java and possesses a. periphery with a steep

--lepe on.the front of the deposits. -

Areas with topography consisting of primary e]eota also ,
include parasitic VOlcanoes found at EL, 1,006 m. -‘l 500
m. These parasitic volcanoes exist -as pyroclastic ‘cones
or lava domes and possess craters frOm which; in Some :
cases, lava poured. The degree of relief diminishes
from the top of Mt. Semeru: towards its piedmont. The
unusual rise in’ relief around EL. 1 000 mo- EL 1, 500 m is
due to the existance of the parasitio volcano._-,:t

Landforms created by epigenetic-processes[; v

IR

(a) roded valleys

A considerable number of vallys are found eroding
" the volcanic mOuntain 1in all directions._;lnf

general, these valleys have a relative height of 30 o

m - 50 m and their walls are nearly perpendicular
and continue onto the 1arge~sca1o 1andsllde found
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'at"the_valley head in the neighborhood of EL. 2,500
- m. Normally, lava flow, pyroclastic flow and lahar
move down these valleys.

Clatification of the features of these valleys is
'ofygteat:impettance:in'tetms of debris centtol
_becauSe_suéﬁ featnres.are'COnsideted likely to
"’ determine the type and frequency of disasters
.0ccurring at the lower reaches of the rivers. In
particular,the volumeo of EJecta dlrectly brought
about from the present crater and the size of the
source of debris at the vallley head greatly affect
cOns1derat10n of debtris control- and therefore,
_ ;the valleys were class1fied 1nto three types
'_ accordlng to such standards. -

Active Valley (1)

The valley is 51gn1flcantly subject to inflow of ejecta
and provides a large source of debris.

Active Valley (2). |
Thé valley continues onto large scale landslide areas
of the valley head and, therefore, prov1des a large

" source of debris.’

' Stable Valley

 The seque'ef'debfis'is limited and the valley is not
: subject to the dlrect inflow of ejecta from the main
fcrater. ' S

Each of the Valleys under discus51on can be clas-
sified as Shown in Table 1 2 accordlng to these
standards.‘“; B ‘
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Table-2,2 Classitiéation of Principal Valleys

River system | K. Mujur - - _x:'éejgii"”i : 'x.[eiieig-'
Active valley - : ﬁ ~‘fB. ﬁebeieh' efﬁ} Bang -
(1)_=_‘ ' ' ‘ ' o ‘gB.'Kembar
Active valley | B. femﬁé’ R;'_.':C:u.’t"}"il‘h:.j ‘8. supit
{2y B. Sat.>.. - . Léngkéng .o B, .Cukit:
B. Tengah : ‘ - ..B. Glidik .
B. Tunggeng K, Bening
T K.ePoh y N K. Lengkong
Stable valley K. Mujur’ (upper‘i B Y . '
. o e e reachés) | o
_K._Panclng
B. Semut o

(b)

-acc°rd1ngly._

_under 50 in the 250 m mesh,

The present main crater opens té “the" Séuth and is
dlrectly cOnnected to the B._Sarat, which is a’
tributary of the K. Glidik and originates in the K.
Lengkong. ' : ' :

In térms of gebmefphoioéyiathe-poeition_of the
crater is likely to shift and, as a result, the

'classificatlon shown in Table ~1.2"has 'to be changed

It should ‘be. also noted that

large- scale eruptions will create a pOSSibillty
that stable valleys will be subjéct to inflow of
thelr ejecta.“‘ Co ' :

'Volcan1c fan

As nentioned previously, the seotion of the Mt,

'Semeru volcano at EL 150 m = EL 1 500 m is a-

natural volcanic skirt and the degree of relief is
It is considered to be
composed of - perclastic flow. volcanic mudflow,
volcanic fan- deposits and: lava, flow; however,
distingusihing between primary:and secondary
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pyr0cléstib flow with special featurés, is'vefy
diffiéuit.: The dlfflculty is due to the s;milarity
- among the substances and the presence of deposits
in transit.

As indicétéd‘in Fng}Z.B, the volcanic skirt can be
dgivided intbltwo Ségments with reference to _
elevation; one being at EL. 150 m - 800 m and the :
other, EL, 800 m - l 500 m, o

All outcrops along the prlnclpal valleys COns1st of
several gravel 1ayers of different sedxmentary
fac1es. In: general, each layer tends to be thick
and there is an accumulation of layers whlch con*
tain angular boulders or cobbles and which lack
sortlng, laminas, and imbrlcatlons at the upper
reaches of the valleys (Fig.-Z 7. Toward the
~lower reaches of the valleys, thé graVel tends to
be round and the patticle diameter tends to be
small; moreover, the thlckness of each layer
decreases, Further downstream, f.e.; in the
vicinity'of Tempe, the diameter decreaseé con-
siderably and theitOpography consists of alterna-
ting layers of granuler, pebbles and sand with
laminas, - |

In addition, the presence of several.léyeps, 
yellowish to grayish brown in color in general and
whose matrix is silt and sand with rélatively
smaller particle dlameter, when GOmpared with that -
of partxcles f0und in gravel layers at the same-

_ p01nt, 13 recognized in between sand gravel 1ayers
throughout the course of the valleys; such layers

- are lxkely to be highly compacted.__-

ot
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- This huge volcanic skirt con31sts malnly of sand

;‘gravel layers possessing varlous gra1n dlameters
and accumulation patterns and, therefore, may be
considered to be made up of alluvial fans.

The presence of deposits of lava flow and pyroc-
lastic flow 'in ‘the segment at EL. 800 m -~ 1,500 m
indicates that the segment retains topography
consisting of prlmary deposits to a greater degree:
than the segment below. In the light of this, this
' segment, for the purpose of the present studies,
N will be called a fadu fan, while the segment at EL,
‘150 ™ - 800 m will be called a 1ahar fan in respect
'fof the frequency of 1ahar disasters to whlch the
area is §ubject. '

Flg. -2, 5 1ndicates that the lahar fan has a 11ne of
change 1n SIOpe in the neighborhood of EL. 250 m
and, from the confiquration of the contour lines,
forms a secondarx fan.d in ‘respect of such factors,
“the 1ahar fan 1s further d1v1ded into two areas in
: f.this report, and thé upper area is ecalled lahar fan
'-1with a steep slope and the lower area, lahar fan
1::with a gentle slope. "

The longitudinal lelSlon of the volcanic skirt is
as follows._l‘u‘ e L

:1) Ladu fan (EL. 800 -1, 500 m)
' """2) Lahar fan with a steep slope
1;;pahar fan - . (EL., 250'm - 800 m)
IR . ..3)  Lahar fan with a gentle slope
(EL. 150 m - 250 m)

;;It is noted from the irregularity of the contour
“1ines’ in Fig.~2.1 and also from aerial photographs
that the fan, possesseés different topographicail
units- 1atera11¥, i.¢. according to the principal
valleys which orm the fan, o 7
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It is,'hdwevér;‘difficuit”tp”ébnfir@'EﬁéﬁGéliéyﬁ'
which might" ha&é’formed'thélladu'faﬁ‘ﬁéééﬁgéibf the
settling lava and the presencé of parasitic

volcanoes.

Longitudinal division, tbqether with latéral

' leiSlon, is shown

in Table 2, 3. R

-2, 3 Fans: -

_ : Table :
Longitu- | ""Lahar Fan/
~dinal Ladu Fan - '
: Lahar Fan thh a Lahar Fan with a
Lateral steep slope-;?: gentle ‘slope
: Formation of B.;AH Formation of B.
B, Sat fan - sat; fan top is Sat. -
near Leces.: IS -
Area near B. Found in between
Tunggeng 1s B. Sat and B,
_ Center of fan; |Semut fans; no
K. Roh fan formaton river [topography for -

not knownji par-
tially covered
with lava. '

fan andj assumed

fto be old from .
E valley conditions.

B, Semut fan

1B Semut

' Greatest fan di-_j

vided into 2° ‘
units, 1,es, one.
along present B
Semut and the
other, along old

Formation of B.
Semut' K. : Panc-
11“9; éte,; sev-
.eral upnits re-
‘main, although

| not clear.

B. Kobo'an
fan

Formation valley
not known; ter-
raced; partially
covered with
lava.

Continues onto
ladu fan; ter-
raced; fan formed

|before formation:

of Cura Kobo! an,

K. Reiali
fan

‘| Kobo'an 'valley;

| Rejali, -

Fan top at Cura~'

formation of K.

Divided roughly

| into 2 fan unit

..hitﬂ, 1oé-;
K. Rejali-and

: 7;K..Leprak

K. Lengkong
fan

Formation valley

not knowni par-’
tfally c¢overed
with lava.

Formation of B.f;

|sarat and B,

Kembar rs."
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Among these fans, those at’ present still receiving

_debris to a considerable degree include the B. Sat,

K. Rejali and K. Lengkong fans., In the case of the

_K._Pho fan, the valley wh1ch 1s ¢considered to have
'formed to fan remains 0nly as an '0ld river couise

here and there, due’ to the coverage by lava at the

‘upper portzon of the ladu fan, and the fan is
:‘stable. Although the B. Kobo'an fan is terraced by
"the ‘erosion of the CUrah Kobo'an valley, it is
' 11kely to be affected by eruptions as the ladu fan

is formed in the direct1on of the crater. The K.

'Lengkong fan is at present dlrectly connected to

the orater so that it receives debris frequently,
The B Semut fan, whlch possesses a vast area, lost

'its valley ‘at its river s upper reaches and, as a

resutt, is a stable fan at present and is less

'“subject to disasters.

A étéét’ﬁﬁhberfof“shallow3yet wide:balleys and

'i”valleys in the form of a gully are seen in the

(c)

" fans. The former were formed 0w1ng €0 the frequent

changes in the course’ of the rlvers 1nside the fans

‘and the latter are valleys formed in the lahar

deposits accumulated 1n the form of a tongue by a

single £lood. This formation results from the
~rapid'acoumulation of mud flow with coarse

particles carried by lahar at a point of abrupt
change in slope.' The change in the river courses
which has occurred in the past is d1soussed in
Section 2.5.

Landslide

Many landslides can be seen along the valleys which

’ dlssect the voloanic mountain in a1l directions or
Cat’ their valley heads, ' The areas along the valleys
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appear to have occurred as a. result of lateral

: erosiOn and many 0f these areas are seen on the

slopes subJect to such erosion.-

_Further, the heads of the prinoipal valleys have

formations of large soale landsllde areas¢ Such
areas ‘are lrkely to be found 1n the vegetation
boundary, i.e. a forest lzne near EL 2, 500 m. Some
of these are cons1dered to have been caused by

_volcan1c activity, as in the case of huge valleys
‘connected to the present crater; howeVer, in

_ general, they are the result of valley head
~corrosion. .

_The collapse of May, 1981, at the valley head of

the B. Tunggeng rlver, inside the forest belt,
caused mud to flow into the B, Sat and B Tunggeng
and resulted in dlsasters in areas along the K.
Mujur. Moreover, new collapse which oCcurred
inside the large- scale landslide aréa at the valley
head of the Cura Lenkong resulted in disasters in
areas along the K. Re]ali

Per1phery of VOlcanic Pledmont

Noticeably flat topography with a slope of about.
0.5 is seen outside the lahar fan below EL. 150
m.. ~This’ topograph1ca1 uﬂit has no clear t0po~
graphical boundary in respect of the adjacent fan
having a gentle slope., The K. Mujur, K.,Pancing;
K. Rejali and some other rivers cut through the
geomorphic surface at a depth of 5 m to 1o'm.' The
southern end of the periphery is formed into e
district scarps 5m to 10 m in height and is-
assimilated into the coastal plain. The eastern
edge is, on the_otherthand, aselmilated_lnto the
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plain of the K. Bondoyudo without a clear

B boundary. “In contrast to the gently undulatlng
a.surface of the perlphery, the plaih of the K.
Bondoyudo is like paddy lands and is nearly flat,

Thé:éébbsiééf6fj£hé“aféa“aré“forméa'into alterna-
ting laﬁers'OE:éaﬁd with considerable laminas and
granules with pebbles- topograph1cally, the area

'possesses features commmon amOng ‘alluvial plainsf
;5and layers contalning silt compacted to an ap-

Iprec1ab1e degree can be Found at the lower level of
these’ sand/gravel layers; these layers nay be con-

_51dered to be the very deposits whlch form the
”5former geomorphlc surfaCe of the present geomorphlc'

surface. '

QLher Topography

L 1) .Alluvial Plain

The alluvial plain can be dlvided 1nto four
“topographical units; they are the alluv1a1
plain*fdrmédﬂby‘théjK._BondoYudo-system.and
- the coastal plain,5the'0alleyébottom plain
~along the K, Glidik and the alluvial plain
albng_thépx. Rawan running_through Tempur'Sari.

3JThe city districts of Lumajang are situated in
“the plain of the K. ‘Bondoyudo -and sustained
¢onsiderable damage by the baniir of 1909.

. ii) - River Terraces

_River terraces are formed on the inner banks
of principal rivers; in particular,
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1arge scale river terraces are found at the
lower reachee Of the Ky Pancing., The tertaces
were. formed due to the decrease in the amOUnt
of debris which had been taking place aftey
_the 1940s and were formed in the very recent
past and are regional, uniike terraces formed
by changes in climate or sea level. ;

2.3 HISTOR_ICAL oiJ'TL_INE oF THE bBi{ELOPME__uT_ et-i TbeoGR_Ap}iy

A historical outline of the development of the topography seen
in the study area is shown in Fig. 2 8 Mt. Semeru is a very
young volcano and the dissection of the mountain is not .
conspicuous as yet, The . earth supplied by Mt. Semeru volcano
is found limited to the areas lying to the east and the south
of the mountain. ' -

Mt. Semeru was formed upon the Jamgangan ﬁb;éaﬁq; which served
as to former geomorphic surface. Mt, Semeru has been supplying
its piedmont with earth and sand as itrdeVeloped_its_own :
mountain; this has resulted'in the burying of the topography of
the Jambangan volcano. The'debris suppliedatb the piedmont
poured out downstream from the low areas found betwéen-Mt.
Sawur and the left bank of the B. 8Sat and gradually buried the
low areas found between the Tertiary mountains and the
Jambangan volcano. It is considered, during this period, that
the Rejali fan was not in existence. The river terraces found
in the Curah Kobo'an valley continues to the B._Kobo an . fan
and, therefore, it is more likely that the debris being
supplied to the B. Kobo'an flowed into the B, Semut ‘and K,
Lengkong before the formation of the Cura Kobo’an valley. 5
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Formatiou of Jamhangan Volcano Complex 8
base topography -

--Fotmatidn of The Jambangan Volcano

- Complex

'Disséctibh' .
-Formation of pledmont slopes
(planeze) Ny

. Pormation of mudflow hiils?

Formation of Tenggat

Mountain Range (Volcano)

Pleistceneﬁg__&___,p‘““,4,;_h._._

HOIOCene .

L Formation of peripheral
morphology

Shifting of relative
_sea, level or change
in volume of sediment’

supply?

. Deepening of K. Rejalf &
- K. Hujur in lower reaches

.- Disgection o _
- » Formation of pledmont slopes

Beginning of Semeru
Volcano 5 activity

:Valleys in tbe Jambanga
Volcano Complex belng burfed
Lava flow déposition
Pyroclastic flow deposition
(Accumulation of essentfal

materfals)

Formation of main part
of the ¢one

. + Dissection, Erosion
. Formation of older volcanic
~fan,; B. Semut Pan and B, Sat
Fan

‘Deepening of Curah Kobpian

. Formatioh_of K. Rejali Fan

“Present

Fig.—2.8 Supmary of Historfcal Development
of Topography in the Study Area
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The advancement downstream of the Curah Kobo' an valley started
at the time of the COrrosion of the valléy head of" the present 
K. Rejali, i. e., the K. Leprak, reached the ‘B. Kobo an fan or
when the earth and sand of the B. ‘Kobo'an ‘started to pour out
into the Re3a11 fan over the Tertlary mountains.l As a result,
the B, Kobo'an fan was terraced and . the debris: buried the. low
areas between the B, Semut fah and the Tertiaty movntains to
form the Rejali fan.

The southern ends of the volcénic‘periphéry'are'fd?med into
cliffs with an elevation of 5 m to 10 m, These are sea c1iffs
and the periphery is considered to have had a southward ex-
tension in the past. The formation of the cliffs can either
have been triggered by changes in the: relative sea level, .such
as ground movement (upthrust) and change in sea. surface cdn-'
~ditions, or by rapld decrease in the amount of debris supplied.-
The presénce of mudflow hills seen widely from the southern

part of Pa31rian to the Indian Ocean strongly suggests the
possibillty of the latter.

2.4 TOPOGRAPHICAL FEATURES OF PRINCIPAL RIVERS

(1) K. Mujur

The K. Mujur has many tributaries and xiver basins con-
':siderable in area, The principal tributaries include the

B. Sat, B. Tompe, B. Tuggeng and K. Poh. ~The K. Mujur

" flows along the boundary between the B. Sat and B. semut -

fans., The river ls supplied with water by Sumber Mujar i

and is a stable. river which flows through the X. . Poh fan,:

and old fan; howeéver, it joins ‘the B. Tunggeng near KurOpo :
 Sawit and grows into a devastating river. By

Before the disaster of 1909, the B. Sat fldwed‘aiéhé;the:
course of the B, Sat Lama (old B. Sat), which runs near
the center of the B. Sat fan. After the disaster, however,
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- the B Sat was" artific1a11y divertea to the B. Tunggeng
in Order to ptevent the £loods - from reaching the Lumajang
-area.i As’a result; thé ‘B, Sat Lama has stabilized as an
-under fxt river, a term given by Davxs, and the K. Mujur
jcame to take on’ ‘to itself the lower reaches of the B. Sat,
including those of the:BifTompé. he rivers possesssing a
source of great amounts of debris at their upper reaches
and flowing into the K, Mujur include the B. Sat and the
B, Tompe.

_ The upper reaches of the K. Mujur flow through an old fan
- (K. Poh”fan), and the lower reaches flow through the B,
 Sa£:fan. 'Upstrééh of ‘the point between the junction of
the B. Sat and B. Tompe (EL. 750 m) and Sumber Mujur is a
-ladu fan.;;The_Lahan fan of the K. Poh starts at the
_,periphqry and;extqus,as far as the junction of the K.
Mujur'and:thengzTunggeng. The K. Poh fan is presently
stable due,to‘the_absence of valleys which supply debris.
The B. Sat flowing on the northern periphery of the K. Poh
fan forms.the B: Sat fan, whose top is found near _
elevgtionx550fm;-ﬁThq point of diversion of the B. Sat to
'thé_B;_anggeﬁg3is_founa near the top of the fan.

.Indiﬁog,éiahar started to flood at this fan top and spread
over -the B, Sat fan; a part thereof even reached as far as
points beyond the'raierads‘along the B, Sat lama. Some
‘has, on ‘the. other hand, flowed into the X, Lateng and

' brought -about damage to Lumajang. Theé lahar of 1981
destroyed the embankment in Leces and some flowed into the
B. Sat Lama.-_Floods,occur:ing at the top of the B. Sat
fan can cause disasters to wide areas, including Lumajang.
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The lower reaohes of the K. Mujur axe less subject to, in i
terms of - frequency, direot effects of exuptiOns, as the '
crater of the. jOnggring Seloko volcano faces the B.,;g;-
Sarat. Although the. disaster Of 1981 was caused by the
landsllde 1nsrde the forest belt found at the valley head

- of the B, Tunggeng, that of 1909, according to ‘some.

d00uments, was caused by secondary movement of the
dep051ts aftey eruptlon. ‘ '

The K..Mu]ur. downstream of the village Of Kert Sari,

advances erod1ng the general surface and grows larger in

width, which makes flooding of 1ahar and benjir difficult.

B Semut and K Pancing

The B. Semut and K. Panozng are two of the biggest
tributaries of the Ka Mujur and are’ typical misfit rivers.

In 1941 and 1942, lava flow poured into the B. Semut as
low as EL. 800 m and cbmpletely buried: €he' valley, '
changing the river ba31n 48 a result. The B, Semut lost
its uppér reaches which correspond to the’ present upper '
reaches of the Cura Lengkong; and the basin of ‘the Ke
Rejali, in turn, gained them, The Cura Lengkong hes a
1arge—scale lendslrde at its valley head; the érater faced
the valléy head in the past. From this faot, it is ‘
onsxdered that the B. Semut fan was subjected to.
disasters brought about by’ lahar from time ‘to time., Even
now, devastated land and’ fOrests spread in the B. Semut
fan and miorotOpography made of lahar deposits remains._.
The B, Semut and K. Pancing, whioh have gfown to be i
under-fit rivérs as térmed by Davis, are ‘Stable -at _
present; however, considerable changes in their course .
before the 1940s are evident frOm various documents._: f
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:w-Huge terraces are . formed at the lower reaches of the K.

(3)

Pancing; the presence of. such terraces indicates a

- ¢congiderable outflow: of debris in the past, including that
‘%which occurrediih‘the 19405.-

The fan O£ the B. .Semut consists: of two fans, i.e., the

“fan found towards the Jeft bank of the present river
rcoqrse and the one. whoseicenter~1s found ‘in the K.
‘Rrumbang, a- tributary of - thé K. Rejali from the Gn. Sawur

eastern piedmont, or in the B. Semut Lama river (old B.

- Semut) , which used to flbw'ihto”the K. Siluman.

Topography itade of lava flow exists on the western

periphery of the fan belonging to the B. Semut Lama and
- the topography reaches an elevation of -as gréat as 450 m.

~Rejali'River
' The basin of the K. ReJali is divided into upper reaches

.'and lower reaches by the presence of the Cura Kobo an
'valley. The river is called the B, Kobo an upstream ‘of

the Cura Kobo an valley. The B. Kobo'an flows erodlng the

‘B Kobo an fan,'an old fan, and lahar flowing down the B.
L Kobo an is less likely to flood the B. Kobo'an fan.

EiAfter pass1ng through the Cura Kobo'an valley, the. K.

Rejali stacts to form a fan, which is the Rejali fan.  The

fifrequency of dlsasters in the Reéjali fan in recent years
"was high.and, as a result, changes in the river coutse

- were -accordingly considerable. At present, the rviver,
‘5doﬁns£teém of thé Cura Kobo'an valléy; has its”main

-'w-;fcourse. i €., the K. Leprak and K. Regoyo on the west
gjperiphery of the K. Rejali fan; however, the course was

long thé K. Rejali, now the former river course, before
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The thh frequency of disasters: by Lahax at. the Rejali fan
can be attributed to two reasons,: Firstly, the debris

- brought about by eruptLOns and which’ now flow into: the B.

Sarat flowed mainly into the K. Regali (B. Kobo an )}
before 1976, Secondly, owing to the: changes in the}basin

_Caused by the accumslation.of lava in .the B. Semut which

occurred in 1941 and 1942, the upper reaches of the B,
Semut joined B.:Kobo?én‘hyaWay of : the Cura Lengkong.: The
increase in water and debris due to a rapid increase in
the area of the basin overpowered the transport capacity
of the river course and resulteéd in a state of

geomorphological nover-£it" in the ‘K. Rejali.

Thé Rejali fan has a boundary between a fan with a steep
slope and fan with a gentle slope near Jugo Hill, standing
isolated w1thin the fan. Main changes in the river 00ursé:

took place mostly near the top of these two fans.

,G1161k R1ver

Thé area of the basin of the XK. Glidlk is thé greatest
among those of the rxvers within the. study area and has
topographical features different from. those of thtee other
rivers. The main K. Glidik Originates at Mt. Semeru and
it empties into the sea, - being joined by the K Lengk0ng
and K. Maning on the way. The K.-Lengkong,.which-is a
principal tributary of the K. Glidik, has, in turn, such
tributaries as the B. Sarat, B. Kembar, B, Bang and:B,
Cukit. The K. Lengkong has a gentle slope upstream of the
Prohojiwo waterfall and meahders,'as can be expectéd of ah
alluvial river; however, the riveraforms_aav#shapedVValley
and joins the K., Glidik doWnstréam of the waterwall. The
B. Sarat, B. Kembar and B, Bang_ate'sfilllsﬁbject~t0~-_
disasters frequently brought about by lahar and are.
torrents which form fans toward the K. Lengkong,
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The;kniékpelnt conéisting'éf andestic lava (Pronojiwo

Twaterfall) of the Lengkeng is a result of hindered
_ deepening of the river, ‘and similay’ ‘points also exist in
 the K. Bening and the B. Cukxt, which joins the Lengkoug
 below BL. 600 m. The K, Glidik, as well, forms a

waterfall exceeding 100 m in‘height ‘hear EL. 550 m and the
downstream thereof is a V-shaped deep valley.

Valle?g’other than those of the B. Sarat and B. Kembar ,

_which form the Lengkong fan, run corroding the piedmont of
‘the Jambahgan volcano at’EL. 500 m - 750 m and the

“deposits of the materials being supplied by Mt, Semeru are
"11m1ted to areas along the valleys. '

| Valleyeﬁettom piaihs“with a;iiﬁited width are formed at

the middle and lowér redches of the K. Glidik; the

“relative height 0f the valley ~bottom plains in respect of
“their present river bed is limited S0 that overf£1ows of

debris are likely. The hills to the west of the village
of Umbur Sari form the boundary between the plain of
Tempur sari and the valléy-bottom plain of the K. Glidik
and i5'only several meters, while that of the hills on the

_;st1de of Tempur Sari‘exceeds 30 m. This suggests that the
“bed of the' ‘Gridik’ valley i covered up . bY 1ahar deposits

2.5

"in thick 1ayers.=]”j

cﬁhﬁée‘lﬂ‘@ng;touasg OF RIVERS

As méﬁtidﬁéaifébm'time”to1timeg many old river courses are
stillsih*éﬁistehéé in- the'biéﬂmoht of Mt. Semeru, The old
river ceurses cemprise those that occurred as a result of the
accumulation of lava flow and pyroclastic flow (mainly found in
ladu fans) and those caused by the accumulation of lahar
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(mainly found 1n lahar fans). Further, changes in the river
courses due to the burying of . valleys by lava can also take a
place. on a volcanic mountain as a whole.,Q '

Fig.-2. 9 shows old rzver courses whosa agé has been aetetmined
based upon.various. records and - field investigations.;,:,_

The B. Semut can be cited ‘as an eXample of change in river'
courses due to lava, . 1941 and 1942, Moreover, the inflow of
lava into the B. Kobo'an around 1976 also. changed the river s_'
course. Since changes in tiver courses due to accumula-

tion of. lava flow accompany considerably change in the. area of
basins, 1ncluding sources of debris, their effect on the down-
stream fans is appreciable; the outflow and accumulation of
lava of 1941 and 1942 drastioally affected the condition of the
disasters in the B, Semut fan. . As - indicated in Fig.-2 2,_;5__
changes in river courses due to such 1ava f10ws and pryclastic
flow took place at 12 locations in 1adu fans and one location.

in lahar fans.

Change in river courses in lahar fans statted to take place
frequently in the K, Rejali fan . after 1940 Moreover,it is
learned that such changes had occurred also in the B.<Semut fan
until around 1920. The absence of change in the B Sémut fan
after 1940, on the ‘other hand, suggests that the river became
an under-fit river and stabilized. In contrast, the frequent _
change in the river courses in the K ReJali fan after 1940 '_
appears to have much to do with the fact that the river became o
an over-fit river; the absence_of_data_prior.tQ 1940 segms:iq‘;jﬁ
significant in arriving at such a con¢1usion;; The dhahgéé ih;-
the course of the K. Rejall after 1940 encompass the entire F
area of the Rejali fan. . :

Such changes vere also conspicuous in the case of the B,
Semut. Although it is difffcult tofjudge whethet the changes
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