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.Abstract

Merapi rcprescnt a nature glamor amazing withthe trapeze top o,pening up at wesl This volcano

oftentimcs vomit thc hcat rnaterialsuch * j*rri"tl an$ rrgt;an;-uiu!, oipyr&r*ti" flows audrock fa'l

of lava. Thc crrytiorr cycle is- short enou;il'ir"t' i13"ut 1-."i 
y*t rtataniitttlt special attention'

bccause in wery Sappc,nedby thc cruption.it'iit -*"tc humanbcing at least 40'0oo people'

pyroclastic flffi;ii;J.n.r'urc.at;;. A;; 9f ,hi. giiaii'g sediment can reach the radius more

than l0 km with the tenpera-turc -or" tt un?oo 
.c and t uu. rp..r"i""iroo hT 4o*. This hot rnatcrial

in the form of drst and ian4 the grain sizc is tilrrt 4 - o'5 "*- Gt;i" size analysis of pyroclastic flows

which is akcn away from area is ,.* by-.ifr"i'"*gr t,r to ,t. Jog" showing pattern bimodal' the

erain sizc is 4 rm: and 0.250 mnu its mean is i;;d" size is unsorted rhis sediment is effect of process

[re prccipitation by turbulcnce'

l. Introduction

Gunung Merapi reprcs-elt the active vulcano, owning crater has diameter of 400 m2' This

crater is fiiled by dome of lava *a p[oti^* . fi,ir ,6t.uno is located in the middle of very

populous are4 so ,i* ii,fr, ,*pi"t il;;;;; will menactit" 
'oot 

of human being living around

its. : --r:--ic.. ,.,t.i^h ^ftpn hennens is owoclasttc
The eruption threat the region argund Merap! acti'ity rvhich.often happens is pyroclastic

flows. This pyrocfuoi, i, to, irtoiuirort.i. tl*k anO astt deposite' Blast of py't'clastic flows

look like the mushroom or cloud ,o1iog in t'itt'-speedly' ;th" iocal people at Merapi mention it

u"wedus.gembef''accurate 
piroclastic flows samplas are taken residing at K Apu, K' senowo'

K Lamat, K putih, K Batang, n g.u.ng,-C;dng, r iunioe ana rc.yoJo' This Sediment is

done by anarysis granuromctry *ui"i-uiri'to r[noi-th.;h;;eristic distribution grain size of

pyroclastic flows &rrir"pi, so-ttrat;;;;ril"f gruio rir*, iitt distribution and relation of grain

'size, and what *lif: U* fhat characroirri.' M"ihod *J t" finish the problems is by using

statisticar analysis methd. Samples p;;i;ii; io*r.,ur..n by rou'rr faction with the grain size

;di;;;;;tt t ,ott' have diameter opening less than 4 mm'

2. Geologic'setting

ByregionalisthisMerapilaysintheintersectionoftwofaults,thatisdirectionnorth-
south and nonhwest - sor*hea$. In,i. p* 

"rsuminit, 
this faults expand, so to form the pattern

almost look lfte bow in two place, ;;;{;;"a mrn Gunung of rurgo-slope of east of Gunung

Uto with air""tlon nortfrrust.lrootfr*ii;t h; west slope oT grytlg ljo-Pusunglondon having

direction norrh-south. The recent pr;i;;iMerapi oft.n called Gunung Anyar' This gunung

reprcent the npst ylung Merapi urrJorr the activity,".ntru[y hery. Depression in the summit

reprcsent the cratei iriJ oi.rrine;p ;;-J;h;;ti' Tha; form afficted bv eruption 196l '

Gt'rung Bibi is lapped or", uv r* Merapi *a tttit t.Ji*"n isthe oldest rocks' that is old

age 400.000 year ago. olrh: r9g o#iolllJ.'ititiu'*a hva are representing Ancient Merapi

( 40.000-6700 ycJ €o) and thir :;;i ir laid bare in i;s; hifi and P.llwanean' This Rock is

assum as from prrasitic eruption. d; ;i,h" seaimeni ii precipitated Middle Merapi ( 6700-

Zzly- yeuas") ;;;;.ni.t,r.rupi ( 22d0-610 .v:* ueo)' iht 
"t|9f-y*api 

is compiled bv

Batulawang (order) consisted of the Lua una Gqirh*ur;gkur (more young) that have association

164
Vobano:Life. PrusPetitY, aN HarmonY



(

i'

CULruRE, HAZARD, A'O tAf"O USE

with the sediment pyroclastic. While at Recent Merapi yield the product in the form of lava and

piroclastic sediment. :6*.

3. Characteristic of Merapl eruption

Merapi activity has taken place since 3400 BP ( Newhall, a all, 2000) and at least as

much 80 times Merapi erupt in range of year 1548-2001. Repose Wriod of eruption vary between

2-7 yeu and long repose period is 13 year. The happened at period of eruption 1548-1587

reaching 7l yeat The Recent Merapi activity show the short repose period, that is among l-4
year.

Center and direction of the Merapi eruption make a npvement the direaion from time to

time. According to Yudiantoro, et all (2003) doing to reconstruct to chaage"center the eruption

furing period erupion fiom 1786 -z}Ol,mentioning that npvement of center the enrption cante
goupea in three perio4 that is period 1786-1823, period 1832-1872 and period 1883-2001.

e*fion period 1786-1823, rrovem€nt certsr the enrption is northwcst-southeast and only take

posiession of the middle from top. At eruption period 1832-1872, €ruption pattern predominated

by pattern of east-west and rrpvement of center eruption early from middle to move west and

east. !,rupion pcriod 1883-2001, direction of this period benter become to vary and very
complex, becausc going about. Characteristic of this eruption center differ from the friction
pattern from previous eruption period. As specially to north - south pattern and northeast -

scuthwest representing new pattern and this pattern start to expand at mid from period 1883--

2001. rhe later time periods of eruption is eastward (center the eruption 1786) going ro part of
west, andthen southwards later then.

4. Pyroclastic flows

4.1. Characteristic of pyroclastic florvs

Pursuant to genesis, there are two tlpes pyroclastic flows of Merapi, that are pyroclastic

avalance and piroclastic eruption. By difine that pyroclastic flows is hot gas and material (300 -

750 "C) what mixed with the fairish material volcanic of block until ash. This hot material

effected by slide the lava dorre or collapse of column eruption rolling in. The speed of the

rnovement to glide this pyroclastic flows is very high that is range from 100 - 100 knr/hour.
The deposites of pyroclastic flows consist of " block and ash" material, generally is

'.rnsorted (6t} 2 2.0), sometime haye good gfadation and poorly sorted.resulted from by
turbulence. Sometime also found fossil of pipe of fumarola or pipe of segregation gas. Found also

charge coal, rock of chromatic of orange effect of process the oxidation and accumulation
microlite rhagnetite, iron and or mineral of oxide rnanganese which that is black color. When

hematite oxidized will show the color pink.
Coarse pyroclastic flows oftetr precipitated at rivEr basin, while dusty fairish (ash)

tlisseminate by-lateral close over the hill by following wind. Sediment structure is massii;

laminated and lamination. Lapilli till ash can be formed a stnrcture " base surge" and because

sedirnent precipitation in a state of very hot and also take place quickly, so that it will form the

welded tuffand or ignimbrit

,&
*+
"+;*
.r-;
Eq.

,*
{-*e-
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Photol.Photoshowpyroclasticflows(piroclasticentpuon;anorlsoeposrle'rS
poorly sorted.

4.2. s[ding Direction and distan". oigr. p*oclastic flows

In Merapi eruption history during cenlyry 20, direction of slide pyroclastic flows always

show ihe change, where change At"tfion itit'atp"nded from morphology summit'.form of

aperture of crater struaure looking like poultice of horse and posrtion of lava dome. At thrs range

of time direction,t. t 
"tt 

slide piiocl*iit flo*t is often happened up ?t Ie.st and southwest'

Distance orrria" pyroclastic flows highly varied that is amongl-l2 krru so that Bronto, et

all (1996) dividing distance of slide pyroclasiic ho*t from source origin become 5 shares' that is

distance very short ii i t*1, short 1f-Z km), medium (7-.10 km), long (10..1: km) and-very long

(> 15 km). Apart itr" fongist slidi pyto.t*ti.-flows during century 20 became of the year

iruption tb30 entering I( Bebeng with the slide distance as far as 14 km'

5. Grain size analysis the pyroclastic flows

Grain size analysis done to I I samples of sediment pyroclastic flows (Table 1) what is

gone the round or--,-loii Merapi by various variation of diitance to eruption center' Sediment

,taken especially ro*r" sediment and lay in by river valley, as specially river.valley in west slope

Merapi. Sediment pyroctastic flows perceived to be doneby analysis of distribution of grain size,

statistical analysis'of grain size corlriog standard deviation, skewness and kurtosis' This

;;fi; is also ao* 
"iV 

iuterpretation oi dirtriUution pyroclastic flows to distance from eruption

center' 
Table 1. Grain size anatysis of pyroctastic flows

CULTURE, HA?}RD. AND I.A,I'ID USE

(piroclastic enrption) and its deposite'is

S.A-\IPLE(%WEJGIrTI , , r rGRAIN tltEsH OPEMIiG

stzE (Mno 2 3 4 6 7 I 9 t0

GRANULE

5 4.000 21-21 23.43 22.55 30.07 25. t{ 6(} ort 29.77 37.75 32.96 16.93 21.0{

8.28 9.51 6.82 6.25 7.52 8.t5
l0 2.000 t.64 E.s5 8.E4 7-64 7.52

LAPILLI
IE 1.000 r6.90 t2.49 2A.02

30J3

13.19 r(t 7.62 13.50 l.'15 I l.3l 12.36 r2.7S

29.17 10.89 29.06 26.89 25.63 34.22 31.71
60 o-250 29.32 !6.77 29.95

120 0.125 9.69 12.OS E.07 t.54 t l.9l t.97 9.!6 9.10 9:19 15.25 I l.{{

ASH
270 0.053 9.42 s.7s 1.44 8.79 I l.l9 0.96 6.78 6.15 12.07 r0.92 6.Sl

PAN o.ofi) 1.79 0.96 2.55 1.82 3.19 032 2.22 l.t4 2.59 2.80 1.63

SLtIv{ 100.00 100.00 100 00 100.00 100.00 loo.00 100.00 r00.00 100.00 100.00
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ll. Grain size of the pyroclastic flows

' Rouh of analysis frorn I I samples of sediment pyroclastic flows perceived to show, thiii.
h general variation of grain size of sediment pyroclastic flows is corposed granule, lapilli and
sh (see the Tables 2 and Figure l). Grain size granule is bigger than 2 nu&- lapilli is 

-betrveen

O.OS - 2 rwry while ash less than 0.625 rnm At grain size divisible lapilli beconp three grain
dze group (Tables 3 and Figure l), that is coarse lapilli (0.5 - 2 mm), medium lapitli (0.25 - 0.5
ryn) and fine lapilli (0.025 - 0.625 mm).

Tablc 2. Variation of grain size plroclastic florvs

GRAIN
SIZE

SAMPLE (o/o \\TIGHT)
I 2 3 4 5 6 7 8 9 t0 ll

GNAIYULE 32.88 31.98 31.39 37.7t 32,66 78.24 39.28 44.57 39,21 24.45 32.89
LUILI 55.91 61.31 58.62 5 t.68 52.96 20.48 5t.72 47.4 46.13 61.83 58.96
ASH l l.2l 6.71 9.99 10.6t 14.38 1.28 9 7.99 14.66 13.72 8.15

$,M 100 100 100 t00 _ 100 100 l0{) t00 100 r00 :00

From variation of three the grain size, in general grain size of pyroclastic flows
pedominated by lapilli (20.48 - 61.83 %) followed by granule (2a.45 -78.24 %) and a ferv ash
(1.28 - 14.66%).

The proportion of variation lapilli is composed, proportinn lapilli medium ownirg
prosentase most dominant, that is about 10.89 - 36.77 o/o. rvhen compared to by coarse propoftion
lapilli and fine grain.

Table 3. Variation of grain size lapilli

CRAIN SIZE
I"APILLI

SAIVIPLE (% II'EIGHT)
1 2 3 4 5 6 7 8 9 t0 n

COARSE 16.9 12.49 20.02 13. l9 I 1.58 7.62 13.5 I1.45 I l.3l t2.36 t2.75
IITEDIUM 29.32 36.77 30.53 29.95 29.47 10.89 29.M 26.89 25.63 34.22 34.77
IINE 9.69 12.05 8.07 8.54 I l.9l t.97 9.16 9.1 9.19 15.25 I t.44
SUM 55.91 61.31 58.62 5 r.68 52.96 20.48 51.72 47.M 46.11 61.83 58.95

LAPILLIA
/\

itilEDTT}ILAPELTn
/\

,/o';L \
/\

a\

LEGEilO, 
o", ooARSELA?ILLI rrNE LAFtr-L[plL 

I

trrttzx3roAsOotrl?xaogStoyr 
I
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Result of plotting of grain size (diamater mm) pyroclastic flows to Yo weight and

presented in the form of graph Figrre 3, in general indicate that the pyroclastic flows of Merapi

iravc the blunt 2 pattern birnodal. This pattern gives the nraning that grain size of pyroclastic

flows Merapi is very immeasurable or unsorted The blunt pattern bimodal (A) deputized by

samples of pyroclastic flows l-5 and 7-ll, looking item concentration incline up at softer itenS

whiie sanrple 6 representing blunt pattern bimodal (B) with the item concentration tend to incline

at coarse grain.

10

o

0.00 0.50 2.00 2.*
Dlameter (mm)

3.00

5.2. Grain size Statistic of the pyroclastic Ilows

Result of statistical analysis granulometry pyroclastic flows from to t I samples
pyroclastic florvs taken show that grain size is unsorte{ as drawn in distribution mean, standard

' deviation and skewness. As for clarification of concerning the.statistical analysis carr be followed
as follows:

5.2,1. Mea4 distribution

Mean of grain size is represent the well-balanced conparison alnong weight grain with
the activity of uansportation. Transportation activity can be done by water and or wind" As

Sadcd bedding structure is gradually representing result from transportation process, where

streirgth of rnaterial haulage vary.
The result of analpis'meau ofpyroclastic flows to I I samples give the about -0.01 - 0.57.

Negative value mean owned by sample 3,4,6,7; 8 and 9, while positive value mean deputized
by sample l, 2, l0 and I I ( Tabb a.).

Table 4. Disributim mean of pirocla*ic flows

SAMPLE I 2 3 4 5 6 7 8 9 10 ll
MEAN 0.02 0.03 -0.01 4.t6 I 4.22 -2.05 4.23 4.49 -0.09 o.57 0.03

o.+
u
o

o1ll2 t3 x4 X5 r6 +7 xB o9 o'10 tr1'l

Figure 3. Graphic ofgrain size pyroclastic flows of Merapi

t68 Volcano: Wq Prcsp*fry, and Harmony
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Figure 4 is rcpresenting picture explaining to distribtrtion of Merapi mean from
pyroclastic flows samples. Grain of pyroclastic flows is progusively unsorted will have the evcr
greater value mean. Sample sediment l0 having biggest value mean (0.57) conpared to the other
sample. At sample 10, pyroclastic flows that is acconpdated at rnesh in proportion which is much
the same (seeing Table l). This matter give the rrcaning, that grain frorn the sample is very
unsorted. While sample 6, having very low value mean (-2.05), the grain that accomodated at
most at mesh 5 (69.96 %), seeing ( Table l). Compared to sample 10, hence sample 6 this own
the grain size more unsorted.

'to

0.5

0.0

4.5

.1.0

-1.5

-2.0

?j$.

ffi
:'?&?
:i&rj
ffi,
:ql6t

.p&
t*i*t"

Figure 4. Graph ofdisribution mean of piroclastic florvs

5.2.2. Distribution of Standard deviation

This standard de'.'iation represent the rneasurement from sorting of grain. This sorting is
happened by during process of transportation and precipitation. Process the selective dissociation
will yield the very snrooth grain. On the contrary process the abrrasion witl form tlie grain which
unsorted. Interpretation of relation standard deviation by sorting at this writing follow the

.classification opaned by Folk ( 1974) and visible at Table 5.

Table 5. Classifrcation of relation sundard do"iation with sorting

Standard Deviation
(sortins)

Verbal discripion

< 0.35 Verywell sorted
0.35 - 0.50 Well sorted
0.50 - 0.7r Moderately rvell sorted
0.7r - 1.0 Moderately sorted
1.0 - 2.0 P-oorlv soted
2.0 - 4.0 Verv pporly so4ed

> 4.0 Extremelv ooorlv sorted

Standard deviation piroclastic flows have about 1.65-2.48 (seeing Table 5.). When relied
on classification Folk (1974), is hence got by two tlpe sofiitrg of grain size, that is sorted very
poor'li and poorly. The grain more sorted show value of standard deviation which smaller.
Sample with value of standard deviation about 2.10-2.48 giving meaning, that grain is very

Volcano: Life, Prcsperlty, and Harmony t69
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unsorted or vcry poorly sorting, but sanple 6 has.nalue of lowest standard deviatioru that is 1'66'

Distribution of pyrociastic ft6ws stroJ ine grain distribution progressively coarse, but more

conparcd to sorted of other sanple.

Tabel 6. Rclation ship of standard deviation and piroclasic flows sortation

6 7 8 9 10 ll
SAIvTPLE I 2 3 4 5

2.t5 234 2.37 1.65 2.26 2.3t 2.48 2.18 2.t6STA}.IDARD
DEVIATION

2.23 2.t0

Poorly
very

ooorlv
very

ooorlv
Very
rnorlv

Very
ooorlv

Very
ooorlvSorting

Golk 1974)

very
ooorlv

very
ooorlv

Very
ooodv

Very
modv

Very
noorh'

oo

3I)

2.5

20

1.5

tp

0.5

00

Figure 5. Graph oftheretatim ship *andard of deviation (SD) andofpyroclastic flows sortation

'5.2.3. Skewness

Skewness is
distribution gain. Result of prediction rf..*o.tt go together the precipitation environment, where

:-- --E1^^t2^- G"^*;*-;#;'Tfr,piiJ;enJJt*d;'\:;n"'f iyo."diT:g'Pl,T:T.'1i-':***:l
;ffi;;;;;'ilm coarse ur[il fine, effect pr*ripitution with the fickle current from strength

. :- --^--t3^J &^*#;#;fr:;;;;ti* Ail*' 
'uL', 

tu"'ree.ord ol P' qry' .*H"l : ','::llli"*
precipitation with tie more corrtant yi* or curr€nt. Prediction:ifry::"::Sgiiffiion bv

ffiffi; rht 
'ffi;; i;lilrh; chssification opened by Folk (1e74) and visible at Table 7'

Table ?. Classification skeumess (after Folk,

0.3 - 0.1 Fine skewed

0.1 - - 0.1 Near-svmetrical

- 0.1 - -.0.3 Coarse - skewed

-0.3 --1.0 Strongtv coarsEqks$re4

Skewness Verbal discriPtion
1.0 - 0.3 Stronelv fine skewed

Distribution

value of skew of

170 Vo}"nrp:Lffe, Proqeft1 aN tiarmurY
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Value skewness of pyroclastic flows has ran-ee from -0.11-1.66 (seeing Table g.).
Discovered by 2 group value the skewness, that is poiitive and negative rk *nor. Negative
skewness (-0,02 -'0.22, correring sarnple 2, lO and ll. rvhile positive skewness (0.09 - 1.66)
taken possession by samplel, 3,-4,5,6,7,8 and 9. Group samples by negative skewness is
interpreted, that in general grain of pyroclastic florvs precipiiatd in rnori *rit*t wave current
mechanism and grain is softer, whencompared to sampte by positive skervness.

5.2.4. Variation of Standard deviation to skervness

Relation of soning grain can learned from graph of result plotting standard deviation to
skeweness {$igurc 7). Sanrple with smaller st#rd'dcrriatisn an& ratuJ of skewness the ever
Sreaterness, giving the meaning of that soting is progressirely good, although at satrple 6 show
the grain coarse progressively, but the grain whiih acconpdated in mesh slo* more sorte4 if
compared to other sample ( as sanple comparator of sample l) (seeing Figtne ?. and 8.)

Table 8. Disributisr skarness of plroclastic 0ows

SAMPLE I 2 3 4 5 6 7 8 9 l0 ll

$KEIVNESS 0.09 -0.tI 0.16 0. 16 0.003 1.66 0.22 0.30 0. 18 -0.22 -0.02

Skewness

Folk (1974
Near-

symetricrl
Coarse Fine Fine

i'lmr-
sranetrical

Srongly
6ne

Fine Coarse Fine C,oarse
Near-

swretrical

Figutt 6. Graph of relation *rip beween skewness disribution and the currat mechanism of

Vohano: Lffe, Prcspeily. and Harmony t7t
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FiErrc 7, Histogram of sample lofpyroclastic flows that $ow poorly sorted

Flgure 8. Histrogram of sample 6 of pyroclastic flows that show more sorted than sample I
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12.5. Distribution of pyroclatlc llows to gliding distance

In this case to do the analysis of distribution of pyroclastic flows to distance glide,Ts
hcnce selected by sample of found on same river valley or on the group sarp valleys. The
mentioned done to see that by genesa of coarse grain piroclastic flows accumulate at the valley,
so that sample taken to analloe selected is sanple which is there are in same valley zone. Like
sample 4 and 5 there are at valley KPutih, while sanple 6 and 7 there are in sarne valley zone K
Batang-Bebeng. Sample 9 and l0 are taking possession of valley K Kuning. Some sample
phoclastic flows done by this granulometry analysis have the distance from eruption center range
&om3-4.5 Km( Figure 10.).
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Figure 10. Location map of piroclastic florvs sampling

Result analyae the oistribution of pyroclastic flows to distance glide show that pyroclastic
flows progressively far from eruption center have grain progressively fine. Like this as according
to principle. process sedimentation, that coarse grain will be precipitated beforehasrd or
precipitated at nearer distance with the eruption center, when is compared with the softer grain.
Pcree*agc ef granule show the content is decrcase whieh pregressively by increasing far it from
eruption center. So far from the eruption center of Merapi fine grain proportion is progressi.,ely
increase.This matter is followed also by its statistic analysis result, that is rnean, standar.d

deviation and skewness. Result of this anaiysis can be folloured at Tables 9. ' :{*

6. Cur.clusions

The result of granulornetry analysis to I I sanples of pyroclastic flows around Merapi are
as follows " :
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Tlpe of grain of pyroclastic flows is granule, lapilli and ash. Lapilli (20.48 - 61.83 %) is
taking posscssion of dominant procentage, and then followed by granule (24.45 - 78.24
%) and a few ash (l .28 - 14.6q.
Proportion of medium lapilli is most dominant about 10.89- 36.77 o/o, if compared to
proportion of coarse and fine lapilli.
Distribution grain pyroclastic flow show the composition grain unsorted and show pattern
bimodal.
The greater mean value show that the grain pyroclastic flows progressively is unsorted.
Result of analysis to standard deviation yield two type of sorting of grain, that is very
poorly and poorly sorted
The grain of pyroclastic flows that precipitated effect by more constant current have value
of skewness negative or smaller. The grain will tend to fine, while valuable coarse is
positive skewness

The good sorted grain will have standard deviation smaller and value of skewness is
greaterness. For example at sample 6, the grain most coarse, but showing more sorted, if
compared the other sample.
Progressively far from eruption center, the grain of pyroclastic flows is progressively fine.
Percentage of coarse grain most decrease and then followed with improvement most fine
grain.
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