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R I N G K A S A N

Beberapa datanan jang Lerbentuk dari bahan py-
toklastik dikenal di Dataran Tinggi padang. Irlenutut
Hesterueld (7952) dataxan2 tinggi tensebut- jang ter-
dit'i dari bat,uan uolkanik bersifat rhyolitik merupa-
kan enJapan pgrokLastik terdiri dari Lenbaran2
(sheet l ike)  dan dihasiLkan oleh suatu erupsi  rekahan
jang sana sifatnja dengan enddpan a)an panas dati
Gunung Katmai di Alaska,

PenelitLan Lapangan, sebaliknja, Lebih menun-
d;jukkan bahaa dataran2 tinggi tadi, terutona Dataran
Pyroklastik Bukit Tinggi, rmtngkin sekali berapa en-
dapan pyroklastik dari udara jang dikeluarkan oleh
Letusan raksasa Gununq ManinQjau pada saat2 neneje-
Lang onbruknja gunung tersebut untuk membentuk. kal.-
dera Danau jang besar itu.

Dataran Tinggi tufa Bukit Tinggi, sebagaimana
terlihat pada singkapan2 jang Qjelas di Ngarai Si-
Anok, tidak menperlthatkan perLapisan dan djuga tt-
dak nenperlihatkan "uelding". Endapan tufa tersebut
d;juga tidak rrungkin diendapkan diair. Bentang alon
anta?a Matur dan Bukit Tinggi menberi kesan se-akan2
di-"duco" dayi udara oLeh tufa.

A B S T R A C ?

Seueral pyroelastie plateam are knoun in the
Padang Highlands.  Hesterueld (1952) suqqested that
those r .hyol i t ic  uolcanics are sheet l ike"1eposi ts of
paroxgsmaL fissure eruption si,milat, to the Tncandes'_
eant elouds of the Katnai type,

FieLd obseruation, houeDer, suggested that at
Least , the pyroclast ic ,  p lateau of  Buki l -  r inggi  might
as ueLL be the resul t  of  an ai r  borne tuf f  depai i_
tion uhie.h , otiginated fron a g,igantie outbuist of
the ManinQjau uolcano ptior to its eaLdera forna_
t ion.

r t \'  Geology Department,  l -nst i tute of  Tecnnology Bandung.
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The tuff  plateau of Bukit I inggi, as reoealed
by the e$posures in Ngarai SiAnok, i.s neithet, Layer-
ed nor uelded and could not be deposited in uater
either. The Landscape betueen Matuz, and Bukit Ting-
gi giues the impnession as if ducoed by tuff from
tne  aL?.

I N T R O D U C T I O N

Au tho rs  such  as  Van  Bemrne len  (1949 ) ,  Ka t i l i  ( 1967 ,  L970 ,  1970a ) ,
Westerveld (1952) and Zen (1970) a l ready ment ioned the exlstence of
a 1650 km faul t  zone dissect ing the enEire length of  Sumatra.  Kat l l i
(1970) cal led i t  the Great  Sumatran Faul t  system and Zen (1970) pre-
fered to cal l  i t  the Sumalra Ri f t  Zone. The r"rord r i f t  here is  used
to denote a rnorphology dissected by faul t  scarps wiEh graben struc-
tures and i t  does not  denote the mechanism of  the faul t  i tsel f .
Acco rd i ng  t o  t he  mos t  r ecen t  P la te  Tec ton i c  concep t  t h i s  Suna t l a  R i f t
Zone and the deep sea t rench which runs paral le l  to i t  ln  t .he west  ls
nothing else bu!  a shear and convergen! juncture co accomnodace the
southeast  ward mot ion of  the Eurasian plate and lhe northward mott-on
o f  t he  Aus t ra l o - I nd ian  Ocean  p l aEe .

A long  t h i s  zone ,  shea r  mo t i on  p redom ina tes ,  a l t hough  d i p  s l i "
phenomena  a re  a l so  obse rved ,  espec ia l l y  a t  p l aces  whe re  t he  f au l t
t r aces  come  to  an  end .

Van  Bemme len  (1949 )  as  we l l  as  Wes te r ve ld  ( 1952 )  cons ide red  t h i s
f au l t  zone  t o  be  i npo r t an t  l n  t he  p rocess  o f  vo l can i sm  fo r  t he  i s l and
of Sumatra.  Indeed, nunerous QuaEernary volcanic cones,  volcano-
t ec ton i c  dep ress ions  as  we l l  as  t he  d i sc r i bu t i on  o f  ex tens i ve  shee t s
o f  py roc l as t i c s  a re  f ound  a l ong  t he  en t l r e  l eng th  o f  t he  f au l t  zone .

According to Kat i l i  (1967, 1970 and 1970a) the Sumatra Ri f t  Zone
i s  a  sysEem o f  ac t i ve  t r anscu r ren t  Fau l t  zones .  F i e l d  ev i dences  sug -
ges t  t ha t  t he re  i s  a  cons i s t en t  and  con t i nu ing  p resence  o f  r i gh t - l a -
t e ra l  w rench  f au l t i ng  a l ong  chese  zones .  Zen  (1970 )  f ound  g raben
s t rucEu res  i n  t he  S ingka rak  t r ough .

A11  rhe  ac t i ve  o r  r ecen t l y  ac t i ve  vo l canoes  i n  Suma t ra  a re
a l i gned  d i r ec t l y  ove r  o r  ve r y  c l ose  t o  ac t i ve  sys tems  o f  f au l t s  wh i ch
be long  t he  ma in  Suma t ra  R i f c  Zone .

w r i t i ng  abou t  Ehe  "Ac id  f i s su re  e rup t i ons  i n  t he  Semangko  Zone
o f  Cen t ra l  Suma t ra " ,  van  Bemme len  (1949 )  sa i d  :  "Th i s  pa r t  o f  t he
Semangko -Graben  sys tem i n  Cen t ra l  Suma t ra  i s  a l so  a  t yp i ca l  r i f t
s t r uc tu re .  The  ac i d  t u f f s ,  exposed  i n  'Ka rbouwen -ga t '  ( spe l l unk  o f
wace r  bu f f a l oes )  nea r  Fo r t  de  Kock  (Buk i t  T i ngg i )  we re  p robab l y  p ro -
duced  by  f i s su re  e rup t i ons  i n  t h i s  ned ian  ren t ,  l i ke  t l r ose  o f  Pasu -
mah, Ranau and the Semangko Val ley fur ther South",

Wes te r ve ld  ( 1952 )  t oo  sa id  t ha t  t he  ma te r i a l  was  s lm i l a r  t o  Ehe
incandescen t  c l ouds  o f  t he  Ka tma i  t ype .

Sponso red  by  Ca l t ex  Pac i f i c  I ndones ia  t he  au tho r  r ev i s i t ed  t he
Padang  H lgh lands  i n  1970  and  ca rne  t o  see  t he  o r i g i n  o f  t he  t u f f
p l a teaux  i n  Cen t ra l  Su rnaEra  unde r  a  new  l i gh t ,  t he  t u f f  p l a i n  a round
R r k i t  T i n c p i  i n  n a r l i c u l a r .

F i na l l y ,  l he  au tho r  exp resses  h i s  s i nce re  g ra t i t ude  t o  D rs ,  Su -
kenda r  As i k i n  f r om the  Geo logy  Depa r tmen t  o f  I TB  f o r  r ev i ew ing  t h j ;
manuscr ipt  and for  g iv ing valuable suggest ions.  However,  the author
i s  s o . l c l y  r e s p o n s i h l e  f o r  t h e  c o n t e n t  o f  t h i s  p a p e r .
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THE PYROCLASTIC PLATEAUX IN  T} IL  I )A I )AN( ;  HI ( ; I ILANDS

T h r e e  e x t e n s i v e  p y r o c l a s t i c  p l a i n s  . l r e  f ( ) L r n . l  N o r t h  o [  ] 1 t .  S : r g o

a n d  1 1 t .  f l a r a p i .  T h e s e  a r e  t h e  l ' l a i n  o f  t ; r l e m b a l l n ,  t l l e  [ ) l a i n  o f  l ] r r -

k i t  T i n g g i  a n d  t h e  P l a i n  o f  P a j a k r r m b r r h .  l l c t w e e n  t h e  I ' l a i n  o I  t ' r r  i . r -
k u m b u h  a n d  t h e  P l a i n  o f  U u k i t  I i n g g i  a n r r L l r e r  s n l l  l e r  o n e  i s  f ( ) u n d ,

n a m e l y  t l ) e  P l a i n  o f  P a d a n g  T a r a p  ( t l l i l t r .  I ) .

A c c o r d i n g  t o  V e r b e e k  ( t 8 8 1 ,  p .  5 1 5 )  t h e s e  t u f f  r n a s s  n u s t  l l a v e

b e e n  d e p o s i t e d  i n  l a k e s .  l f  t l r i s  a s s u n r p L i o n  w a s  t r r r e  w e  m u s t  r s s u m e

t h e  e x i s t e n c e  o f  t l i r e e . l a r g e  d i l t r v i a l  l a k c s  w t r i c h  w c r c  c o n n e c t r d  w i t h

e a c h  o t h e r  b 1 '  w a t e r f a l l s ,  d e s c e n d i n g  : j r a d u a l l y  i n  e l e v a t i o n  t o w a r d s

t h e  E a s t  a n d  s u r r o u n d e d  b y  g i g a n t i c  v o l c a n o e s .  A c c o r d i n g  t o  t h e  p r e -

s e n t  m o r p h o l o g y  t l r i s  1 s ' v e r y  u n l i k e l y ,

I n  a  s e n s e  t h e  P l a i n  o f  P a j a k u r n b u h  c o u l d  b e  f o r n e d  f r o m  a  I a k e

w h i c h  d r a i n e d  r h r o u l i h  t h e  v a l I e y  o f  B u o .  T h e  a c t i v i t y  o f  l l r .  S a g o

g r a d u a l l y  m u s t  h a v e  d a m m e d  t h e  r i v e r  a n d  f o r m e d  L l ) e  " I J k e  o f  t ' a j a k u m -

b u l r " .  L a t e r  o n  t l l e  r i v e r  m u s t  h a v e  i n c i s e d  a n o t l t e r  c o u r s e  a n d  d r a i n -
e d  t l r e  l a k e .  T h i s  i s  n o t  t h e  c a s e  h o w e v e r  w i t h  t h e  P l a i n  o f  B u k i t
T i n g g i  o r  t h e  I ' l a i n  o f  P a l e m b a j a n ,

l f  t h e s e  f u l f m a s s  w h i c h  b u i l d  t h e  p r e s e n t  f u f f  p l a i n s  w e r e  d e -
p o s i t c d  i n  w a t e r ,  t h i s  w i l . L  b e  i n d i c a t e d  b y  s o m e  k i n d  o f  s t r a t l f i c a -
t i o n  a n d  b y  t h e  p r e s e n c e  o f  f o s s i l s .  T h i s  1 s  n o t  t l l e  c a s e ,  e s p e c i a l -

1 y  n o t  w i t h  t h e  P l a i n  o f  B u k i t  T i n g g i  w l r i c h  i s  c o m p l e t e l y  e x p o s e d  i n

i l r e  f a m o u s  c l e f t  o f  N g a r a i  S i A n o k  r i g h t  i n  t h e  m i d d l e  o f  B u k i t  T i n g g i

o r  K a r b o u w e n g a t .

I } IF ]  P I -A IN OF BTIKIT  T INGCI  AND TI IE  CLEFT OF N( ]ARAI  S IANOK

T h e  p y r o c l a s t i c  p l a i n  o f  B u k i t  T i n g g i  i s  t o o  e x t e n s i v e  a  p l a i n

t o  b e  f o r m e d  t r o m  e  l a k e  d e p o s i t .  T h e  s i z e  i t s e l f  a l r e a d y  i n v a l i -
d a t e s  t l ) e  a r g u m e n t ,  T h i s  p l a i n  d e s c e n d s  g r a d u a l l y  t o w a r d s  t h e  w e s t ,
b o r r ^ . l e d  i n  t h e  s o u t l i  b y  t t r e  v o l c a n o e s  H a r a p i , S i n g g a l a n g  a n d  T a n d i k a t .

T h e  m o s t  i n t e r e s r i n g  p a r t  o f  r l r e  l l u k i t  T i n g , g i  p l a i n  i s  t h e  p r e -
s e n c e  o f  N p ; a r a i  S i A n o k  c l e f t ,  I { e r e ,  t h e  r i v e r  S i A n o k  c u t  t } l r o u g h  t h e
C h i c k  p y r o c l a s t i c  d e p o s i t  a n d  e x p o s e d  a  f u f f  p r o f i l e  o I  a h o r r t  7 5  m e -
r e r s .

T h e  p r e s e n c e  o f  s u c h  a  d e e p  c l e f t  i n  s u c h  a  p l a i n  p c r s e s  a l r e a d ' , ,
a  p r o b l e m  s i n c e  t h i s  c l e f r  i s  t h e  o n l y  o n e  o f  i t s  k i n d  f o u n d  t h r o u g h
t l r e  e n t i r e  p l a i n  o f  B u k i t  T i n g g i .

G e n e r a l J - y ,  t h e  p y r o c l a s t i c s  w h i c h  b u i l d  t h e  p l a i n s  i n  t h e  I ' a d a n g
H i g h l a n d s  a r e  v e r y  p u r e  a n d  p o r o u s ,  e s p e c i a l l y  t h e  p y r o c l a s t i c  d e -
p o s i t s  a r o u n d  B u k i t  T i n g g i  a s  r e v e a l e d  i n  t h e  S i A n o k  c l e f t ,

T l r e  p y r o c l a s t i c  d e p o s i t  i s  s o  p o r o u s  s o  t h a t  i t  a c t s  r s  a  s p o n g €
a b s o r b i n g  w a t e r  i n t o  i t  c o m p l e t e l y .  l n  t h i s  w a y  t h e r e  i s  h a r d l _ v  a n y
d r a i n a g e  a l o n g  t h e  s u r f a c e  s i n c e  a n y  s u p e r f l o u s  r a i n  w a t e r  d i s a p -
p e a r s  i n  t h e  t u f f .  A u t o r n a t i c a l l y  t h e r e  i s  v e r y  l i t t l e  e r o s i o n .
S t i l l ,  N g a r a i  S i A n o k  i s  t h e r e ,  g a p i n g  l i k e  a  m i n i a t u r e  G r a n d  C a n v o n .

P r o b a b l y  t h e  a c i d  p u m i c e  t u f f s  a n d  b r c c c i a s  o f  B u k i t  G u n t u n g
( 1 , 1 5 0  r n e t e r )  a n d  B u k i t  l ' a l a n r a r  ( 9 5 1  m e t e r )  i n  t h e  } l a n g g a n i  a r e a ,
u i r o u t  ] 0  k m  N r l  o f  B u k i t  T i n g g i  b e l o n g  a l s o  t o  t h e  a c i d  t u f f  p l a i n s
o f  C e n t r a l  S u m a t r a  w h i c l r  b e l o n g  t o  t h e  p l i o - p l e i s t o c e n e  p h a s e  o f  v o l -
c a n i s n r ,  a n d  v a n  B e n u n e l e n  ( 1 9 4 9 )  c o n s i d e r e d  t h e n r  t o  b e  p r o d r r c t s  o f
f i s s u r e  e r u p t i o n .  T h e s e  t u f f  s h e e t s  c o v e r  u n c o n f o r m a b l y  t h e  T e r t i a r \
I o r i l ) a t i o n s ,  b u t  t h e y  a r e  c e r t a i n l y  o l d e r  t h a n  t h e  y o u n g e r  q u a t e r n 3 r v



84

volcanoes,  such as s i  Rabungan and Sago. The acld pumestone tuf fs of
Buki t  Guntung can presumably be correlated in age wi th those of  Ngaral
SiAnok in Buki t  T inggi  (Van Bennnelen,  1949).

Van Bemmelen (1949) stated fur ther that  the f lssure erupt lons oc-
cured s imul taneously wi th the pl io-ple istocene arching of  the Bar isan
gean t i c l i ne .  The rea f t e r ,  t he  more  bas i c  s t r a to - vo l canoes  a re  bu i l t  up
such  as  Marap i ,  S i ngga lang  and  Tand i ka t .

Fotmation of Nganai SiAnok

How i s  t he  S lAnok  c l e f t  f o rmed?  As  s ta ted  be fo re ,  t he  py roc l as -
t ic  deposi t  around Buki t  T inggi  is  very porous and acls as a sponge.
But the Buki t  T inggi  tuf f  is  cur very deeply by the SiAnok r iver .  The
wa l l s  on  bo th  s i des  o f  t he  c l e f t  a re  ve ry  s t eep ,

S ince  t he  pu re  t u f f  depos i r s  abso rbs  wa te r  comp le te l y  che  supe r -
f lous ground water drains to the North.  I t  s tays so long underground
un t i l  t hey  reach  t he  no rma l l y  i r r c i sed  pa r t  o f  t he  S iAnok  r i ve r .  So ,
Lte can inagine that  the forrner inc ised SiAnok va11ey ended against
t he  t u f f  wa l l  w i t h  g round  wa te r  seep ing  ou t  f r om  the  wa l1 .

I n  t h i s  w a y  L h e  e x i s t i n g  w a l l  o f  t u f f  w i I I  r e t . r e a t  a n d  k e e p  i c s
ve r t i ca l  pos i t i on ,  The  backward  i nc i ss i on  i s  caused  by  t he  g round -
wa te r  i t se l f .  Th i s  p rocess  i s  c l ea r l y  demons t ra ted  i n  t he  S iAnok
c1e f t .  The  bo t t om o f  t he  c l e f t  unde r  t he  ve r t i ca l  t u f f  wa l l  i s  we t .
Many smal- l  spr ings appear here.  This is  the groundwater which t rans-
po r t s  somc  o f  t he  t u f f  and  Ehe  pum ice  f r agmen ts .  The  wa l l  l o s t s  i t s
suppo r t  and  t umb les  down .  Then  comes  t he  ra i n  and  ca r r i es  away  t he
deb r i s  f o rmed  i n  t h i s  way .  F i na l l l r  i r  i s  t r anspo r t ed  by  t he  S iAnok
r i ve r .

I f  pa r t  o f  a  wa l l  does  no t  t umb le  doL "n  ve r t i ca l l y  r he  ra i n  wa le r
w i l l  ca r r y  away  t he  accunu la ted  deb r i s  such  t ha t  f i na l l . y  t he  wa l l
c rumb les  and  becomes  ve r t i ca l  aga in .

I n  ch i s  way  t he  dep th  o f  t he  S iAnok  c l e f t  depends  on  t he  base  o f
e r o s i o n  o f  C h e  i n c i s i n g  r i v e r .  I h e  t u f f  w a l l  m o v e s  g r a d u a l l y  b y  t h e
a t t ack  o f  Ehe  g roundwa te r  l n  E l i e  d i r ec t i on  o f  t he  ma in  g roundwa te r
sys tem w l r i ch  ge t s  i t s  wa te r  f r on  t l r e  ca t chmen t  a rea  o f  t he  Marap i  and
the  S ingga lang  vo l cano .  So ,  t l r e  va l l ey  wh i ch  i s  f o rmed  by  backward
e ros ion  w idens  because  o f  r i v c r  e ros i on  and  a l so  by  t he  subsu r f ace  ac -
c i on  o f  t he  g roundwa te r .  T l r i s  can  be  obse rved  c l ea r l y  i n  t he  f i e l d .
A t  p l aces  whe re  t t r e re  a re  b i gge r  g roundwa te r  ve i ns  s i de  rav i nes  a re
fo rmed  wh i ch  a re  mov ing  backva rd  a l so .  A l l  t he  ac t i ve  s i de  rav l nes
s t i l l  s h o w  g r o u n d w a t e r  s p r i n g  a t  t l ) e  b a s e  o f  a  s t e e p  e n d  w a l l .

The  py roc l as t i c  depos i t  exposed  aE  Nga ra i  S iAnok  does  show  so rne
i n L l i c a f i o n  o f  s t r a t i f i c J t i o n  i n  i t s  u p p e r  p a r t s .  T h i s  j s  e x p o s e d  i n
s o m e  s n a l l e r  b r a n c h e s  o I  t h c  c a n y o n .  T I l e  s t r a t i f i c a t i o n  i s  n o t  h o r i -
z o n L a l .  I n  i t s  d e e p e r  p a r t s ,  b e t u e e n  5 - 7  m e t e r s  f r o m  t h e  s u r f a c e  L h e
s t r a L i f i c r t i o n  d i s a p p e a r s  c o r r p l c t t ' l v .  T h e  s t e e p  w a l l s  o [  \ g a r a i  S i -
A n o k  e x l , o s e  o n o  h o m o g c n o r r s  n a s s .  I t  g i v e s  t l l c  i m p r e s s i o n  a s  i f  d e p o -
s i t e d  i n  o n e  s i n g l e  b l a s t .

r \ s  i a r  a s  1 r  i s  e x p c r s o d  a t  N g r r a i  S i A n o k ,  t h e  p v r o c l a s t i c  d e p o s i t
i s  no t  r vc l c l cd  no r  do t s  i t  s l ) ow  somcr  k i nd  o f  zon ing  such  as  desc r i bed
b v  S n r i t l r  ( I 9 6 0 ) .

!.iechrttticn of Erur:tion and t)r't.Jin

Th ree  e r r r p t i ve  mec l r an i sn  have  been  p roposed  f o r  ex tens i ve  py -
r o c l a s t i c  s h e e t s  l i k e  t h e  t y p e  o f  t h e  P a d a n g  H i g h l a n d s  p y r o c l a s t i c s .
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These are the tuf f  f low or pyrocl-ast lc  f low nechanism, the f roth f1ow,
and rhe ash fa l1.  In Suuratra extensive pyroclast ic  sheets have been
ident l f led around Lake Toba, Lake Ranau, Laropung (South Sumacra) and
in the Padang Highlands.  More pyroclast lc  f lov sheets have been lden-
t i f ied late ly ln Indonesla (Zen,  1966).  According ro the author,  we
can not  expla in them by one erupt ive mechanism. Every deposl t  or  corD-
plex of  deposi ts have their  own erupt ive nechanism. Some can be ex-
pla ined by f lowage emplacement some others by ash fa l1.

The pyroclast lc  f lorr  mechanlsm concept has iEs or ig in f rorn nuees
ardentes observat lons and also f ron reconstruct lon of  the welded tuf f
deposi ts in the Val ley of  Ten Thousand Srnokes by Fenner (1923).

Proponents of  the f lowage enplacement such as Marshal l  (1935, p.
14 )  and  G i l be r t  ( 1938 ,  p .  1851 )  be l i eve  rha r  a  we lded  ru f f  i s  emp laced
as an avalanche of  fJ-ne part ic les of  v iscous uel t  which are at  h igh
tenperature and exsolve gas.  The avalanche is bel ieved to rnove sole ly
by  v l r t ue  o f  g rav i t y  l i ke  t he  nu6es  a rden tes  o f  M t .  Agung  (Zen ,  1964 ,
1964a).  Such an avalanche of  pyroclast ics which is  inf lated by gas,
would be f lu id,  and i ts  emplacement would be very rapid.  On coming to
res t ,  t he  ava lanche  depos i t  wou ld  compac t ,  i t  i s  supposed  t ha t  t be
f inely cormninured f ragments of  mel t  would reta in suf f ic ient  heat '  to
de fo rm  and  we ld  (Boyd ,  1961 ) .

The  au tho r  has  obse rved  numerous  f l ows  o f  nuees  a rden tes  du r i ng
the  e rup t l on  o f  M t .  Me rap i  i n  Cen t ra l  Java  and  du r i ng  t he  e rupE ion  o f
M t .  Agung  i n  8a11 .  As  o f  now  no  h i s ro r i c  depos i t s  emp laced  i n  ch i s
way  p roduced  ex tens i ve  py roc l as t i c  depos i t  no r  do  t hey  p roduced  we lded
t u f f .

Kennedy  (1954 )  p roposed  t ha t  t he  we lded  t u f f  i n  ye l l owsEone  has
fo rmed  f r om " co l l apse  f r o th  f l ows r ' .  Kennedy  p i c ru red '  t he  e rup t i ng
magma moving as an expancied lava f roth rather than as an avalanche.
Though  t h i s  r n i ghE  exp la i n  we lded  t u f f  f l ow  o f  sma l l e r  d imens ions ,  many
ex tens i ve  py roc l as t i c  shee t s  a re  known  t o  be  unwe lded  and  wh i ch  can
no t  be  exp la i ned  by  t h i s  t heo ry .

Mans f l e l d  and  Ross  (1935 ,  p .  309 )  howeve r ,  conc luded  t ha t  t he
welded tuf fs 1n southeastern Idaho were "sprayed or ducoed" over .1n
e ros lon  su r f ace  w l t h  a  r e1 le f  o f  3000  f t .  They  f ound  t he  t h l ckness  o r
the pyroclast lcs to be unl fon' ,  besldes,  they r , rere independent of  t ) re
under ly lng topography.  These f ie ld re lat ions seemed to inval ldate t l r t
pyroclast lc  f  low mechanlsrn.

As  t a r  as  t he  py roc l as t i c  depos i t  o t  Buk i t  , I ' i ngg i  i s  conce rned ,
p rev i ous  au tho rs  such  as  Van  Bemrne len  (1949 )  and  wes te r ve ld  ( 1952 )  a re
o f  t he  op in i on  t ha t  i t  was  emp laced  by  f l owage  f r om f i s su re  e rup t i on ,

Th i s  exp lana t i on  i s  ve r y  a t t r ac t i ve  and  c l ose  a t  hand  s i nce  t h i s
a rea  i s  r i gh t  i n  t he  m idd le  o f  t he  suma t ra  R i f t  zone  wh i ch  d i sseccs
the  en t i r e  l engch  o f  Suma t ra .  Mos t  o f  t he  ac t i ve  vo l canoes  o f  Cen t ra l
Suna t ra  a re  f ound  c l us te r i ng  a t  i n t e r sec t i ons  o f  f r ac tu res  o f  t he  Su -
matra Ri f t  Zone and the obvious E-t . l  t rending topographic l ineamencs.

The  au tho r  i s  o f  t he  op in i on  t ha t  t he  huge  py roc l as t i c  depos i t s
i n  t he  Padang -H igh lands  we re  p roduced  by  t he  g i gan t i c  Man ind jau  vo l .
cano  p r i o r  t o  i t s  co l l apse  t o  f o rm  the  Man ind jau  Cau ld ron .  The  re_
markab le  f l a t ness  o f  t he  Buk i t  T i ngg i  p l a i n  and  seve ra l  f l a t  py roc l a r ; -
t i c  t e r r aces  be tween  Ma tu r  and  Buk i t  T i ngg i  g i ve  t he  imp ress ion  as  i f
t . he  who le  l andscape  has  been  ducoed  f r o rn  t he  a i r  by  ash  f a l 1 .  Th .
"un i f o rm"  cha rac te r  o f  t r r e  depos i t  as  r evea led  i n  Nga ra i  s iAnok  sug -
ges t s  t ha t  t he  who le  mass  was  depos i t ed  by  o re  s i np l l e  huge  b1as t .  As
the  e rup t i on  waned ,  sma l l e r  b l as t s  we re  p roduced  an r i  t hese  we re  res_
pons ib l e  f o r  che  seve ra l  f l a r  py roc l asc i c  t e r races  f ound  be tween  f l a t u r
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and Bukit Tinggi. (A nore detalled paper on the origin of the Uanln-
djau Cauldron and i ts  producEs ls in preparat ion and w111 be publ lehed
sho r t l y  i n  t h l s  ITB  P roceed lngs ) .

Uru'selded State of the Bukit Tinggi Pyroclastics

Studying the pyr"c lascic deposi t  of  Buki t  T inggl  exposed at  Nga-
rai  SiAnok one can not  help wonder ing why i t  ls  not  welded.  In th is
report  welding is  def ined as a process whlch promotes the unlon or  co-
hesion of  g lassy f ragments.  The degree of  weldlng nay range f ron ln-
c ip ient  sLages marked by the st ick ing together or  coheslon of  g lassy
fragments at  their  points of  contact  and wi th in the sof tening range of
the glass to complete welding,  marked by the coheslon of  the surfaces
of  g lassy f ragments accompanled by thelr  defornat lon and the el i rn lna-
t lon of  pore space,  and perhaps ul t inate honogenizatLon of  the glass
( s n i r h ,  1 9 5 0 ) .

Welding as previously def lned w111 depend on many factors.  The
mosE important  ones are :  1)  in i t la l  temperature;  2)  amount and com-
pos i t l on  o f  vo l aE i l es ;  3 )  conpos l t l on  o f  ash  and  4 )  l oad  p ressu re .
Further,  welding wi l l  a lso be promoted by a)  rate of  cool lng and
b )  r a te  o f  c r ys ta l l i za t i on .

The  f i r sC  t h ree  va r i ab les  con t ro l  t he  v l scos i t y  o f  t he  g l ass
(Smith,  1960a) and the load pressure is  a funct ion of  densl ty and
depth ln the deposi t .  Load pressure and v lscosi ty on the other hand
w111 inf luence the rate of  los!  of  pore space.  This is  lhe only meas-
ure of  the rate of  welding.  So,  degree of  welding ul t i rnately w111
depend  on  :  t he  ra tes  o f  we ld i ng ,  coo l i ng  and  c r ys ta l l i za t i on ,  vhe reas
the  La t t e r  i s  r e l a ted  t o  t he  v i scos i t y  o f  t he  g l ass ,

Perhaps the two most important  factors which contro l  the cool lng
history of  pyroclast lc  deposi ts are the emplacement temperature and
the  t h i ckness  o f  t he  depos i t s .

Boyd  and  Kennedy  (1951 ,  p .  327 )  r nade  Ehe  f i r s r  a r rempr  r o  p roduce
we lded  t u f f s  by  expe r imen t .  They  f ound  t ha t  c rushed  rhyo l i t l c  pum ice
f rom Mono  C ra te r s  (Ca l i f o rn i a ) ,  we lded  a t  t empe ra tu res  wh i ch  range
f rom 775 '  r o  900 "C .
Boyd  ( f 957 )  f ound  t ha t  t he  p resence  o f  na te r  vapo r  e f f ec t i ve l y  l owe rs
the  we ld i ng  t empe ra tu re .  c l assy  rhyo l i t i c  vo l can i c  ash  f r om Ye l l ow -
s tone  Pa rk  was  sea led  i n  p l a t i num capsu les  w i t h  wa te r  equ i vd len t  t o
0 ,45  we igh t  pe r  cen t  and  ho ld  f o r  80 .  hou rs  unde r  p ressu re  o f  52  ba rs .
Under t l rese condi t ions the minimum welding temperature was between
590 "  and  620 "C .  I nc reas ing  t he  t . i ne  o f  t he  expe r i nen t  t o  2  weeks  re -
su l r ed  i n  l owe r i ng  o f  t he  we ld i ng  t empe ra tu re  t o  be tween  550 "  and  590 '
C .  t soyd  f ound  f u r t he r  t ha t  t he  same  ash ,  dehyd ra ted  and  w i t hou t  add l -
t i on  o f  wa te r  i n  t he  expe r imen t ,  showed  s l i gh t  v re l d i ng  a t  690oC  a f t e r
72  hou rs  a t  a  p ressu re  o f  48  ba rs ,  and  no  we ld i ng  a t  655 'C ,  F rom
these and other exper iments Boyd concluded that  the minimum welding
tempe ra tu re  i n  t he  p resence  o f  wa te r  vapo r  i s  abou t  600 'C .

We  know  tha t  hea t  l osses  du r i ng  emp lacemen t  come  f r om th ree  d i f -
f e ren t  so r r r ces .  These  a r c :  l )  r ad ia t i on ;  2 )  conduc t i on  t o  t he  g round
and  j )  conduc t i on  and  convec t i on  t o  t he  a tnosphe re .

D i ss i pa t i on  o f  hca t  i n  t hese  t h ree  ways  w i l l  depend  on  nany  f ac -
t o r s .  [ ' l r e  mos t  impo r tan t  ones  a re  t he  deg ree  o f  t u rbu lence  i n  t he
nov ing  f l ow ,  t l t e r  t l n t r '  e l apscd  du r i ng  emp lacemen t ,  and  t he  t h i ckness
o f  t l r r ,  I 1 o w .' l l r r .  

t h i r : kness  r r l  t l r e  py r cc l as r i c  depos i t  a round  Buk i t  T i ngg i
ranges betwcen 75 to 150 meEers.  We know too that  the heat  lost  dur lng
e m p l a r ; e m e n t  c r f  a  d . p . s i t  i s  i n v e r s c l y  p r o p o r t i o n a l  t o  i t s  t h i c k n e s s .
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If  the deposl t  ls  eurplaced by f lowage and i f  the f low ls lamlnar,
the hea'-  loss is  ins lgnl f lcant .  But ,  l f  there was Eurbulence r{ i th in
the n'rvlng flow, the heat rost rn any i.nterval of tine r.routd begreater .  s lnce hot  naterr-a l  would be constant ly  suppl ted to the sur-
f ace .

The sect ions at  Ngaral  s lAnok suggest  that  the emplacement is  not
by f lowage buc deposl ted f rorn a huge s ingre brast  f ron the al r .

The unwelded condi l lon of  the Bukir  T lnggl  tuf f  suggests that  a
considerabre amount of  heat  was 10st  pr ior  to l ts  deposl t lon.  Even
the lowest  part  of  the tuf f  deposl t  exposed at  Ngarai  SiAnok ls  un_
welded.  so,  the tenperature of  enplacement must be lower than thenl .n lmun welding temperature of  600.C.

The author suggests that  uost  heat  was lost  by conduct lon and
convect ion to the at .ogphere dur lng deposl t lon f ron i ts  source to theplace of  emplacement.  When enplaced the tenperature was al ready far
below the mlnlmum velding tenpeiature to pronote any l re ld ing.

CITED REFERENCES

Beumelen,  R.W, van,  1949 :  The Geology of  Indonesia,  Government
P r i n t l ng  O f f l ce ,  The  Hague .

B o y d ,  F . R . &  K e n n e d y ,  G . C . ,
1959

G l l b e r t ,  C . M . ,  1 9 3 8  :

K a t i l i , J . A .  &  H e h u w a t , F .  ,
LJO I

, 1970 :

Soroe Exper iments and Calculat ions RelaE-
lng to rhe Or lgtn of  Welded Tuf fs,  An.
G e o p h y s .  U n i o n  T r a n s .  v . 3 2 .  p . 3 2 7 .

I.ieLded Tuf fs and !-lows ln Ehe Rhyollre
P la teau  o f  ye l l ows tone  pa rk ,  Wy tm ing ,
G . S . A .  B u l l e t i n ,  v .  7 2 ,  p .  3 g 7 - 4 2 6 .

The Orlg ln and Mode ot  Emplacement of  the
Great Tuf f  Deposi t  of  the Val- ley of  Ten
Thousand  Smokes :  Na t .  Geog r ,  Soc .  Con t r .
T e c h n .  P a p e r s ,  K a t n a i  s e r i e s ,  N o , 2 ,  p . 7 4 .

We lded  Tu f f  l n  Eas te rn  Ca l i f o rn l a  :  Geo1 .
S o c .  A n .  8 u 1 1 .  v .  4 9 ,  p .  1 8 2 9 - 1 8 6 1 .

On  t he  Occu r r  ence  o f  La rge  T ranscu r ren f
Fau l t s  Ln  Suna t . . a , I ndones la :  J . o f  Geosc . .
O s a k a  C i t y  U n l v . ,  v .  1 0 ,  p .  5 1 7 .

La rge  T ranscu r ren t  Fcu l t s  l n  Sou theas t
As ld  w l t h  Spec la l  Re fe rence  ! o  I ndones la :
Geo l .  Rundschan ,  v .  59 ,  p .  5g l - 600 .

Nap leE  S t ruc tu res  and  T ranscu r ren t  Fau l t s
i n  S u m a t r a ,  B u 1 l .  N a t .  I n s t .  G e o l . M i n i n g ,
3  ( 1 ) ,  p .  1 r - 2 8 .

Some Aspects of  the Role of  Water in Rock
Me l t ,  i n  Po lde rvaa r t ,  A r l e ,  Ed i t o r ,  C rus t
o f  t he  Ea r t h  :  Geo l .  Sos .  A in ,  Spec .  pape r
6 2 ,  7 6 2  p .

B o y d ,  F . R . ,  1 9 6 1

K e n n e d y ,  c . C . ,  1 9 5 4

19  70a



88

Mans f l e l d ,G .R .  &  Ross rC .S . ,
L945 :

Ma rsha l l ,  P . ,  1935  :

Sn t t h ,  R .L .  1960  3

Valkenburg,  S.  van,  1922

Ve rbeek ,  R .D ,M . ,  1883

Wes te r ve ld ,  J . ,

Z e n ,  M . T . ,  1 9 6 4

L952

, L964a .

, 1966

, 1 9 7 0

, 1 9 7 1

I'lelded Rhyollte Tuffe 1n Southeaetern
Idaho: An. Geophys. Unloq Trans pt. lr
p . 3 0 8 - 3 2 1 .

Acid Rocke of the Taupo-Totorna Volcanlc
Dlstr lcc :  Royal  Soc.  Nery Zealand Trane.,
v .  64 ,  p .  7 -44 .

Aeh  F lowe ,  G .S .A .  Bu l I . ,  v .  71 .  p .  705 - .
842.

GeonorfologLache Beschouningen over de
Padangsche Bovenlanden, Jaarverel . ,  v .d.
Top. Dlenst  ln N.L p.  76-L03, L922.

Topografische en Geologleche BeechrlJvlng
v.e.  Gedeel te v.  Suoatrafe Weetkust  :  Ba-
tavla LandsdrukkerlJ.

Quaternary Volcanlsm on Suoatra,  G.S.A.
Bu l1 . ,  v ,  53 ,  p .  561 -594 ,  L952 .

Prellnlnary Report of the 1963 Eruptlon
of  Mt.  Agung in 8a11, Bul l .  Vo1c.  v.  L7
(Napo1l) .

The Volcanlc Calanlty ln Ball (1963) Kon.
Aardr.  Gen. Deel  XXXI,  No. 1 ( I lo l land).

The Fornation of Varlous Ash Flows ln In-
donesla,  8u11. Volc.  Tome XXIX, p.  77-78,
Napo1l .

Origin of Lake Slngkarak ln the Padang
Hlghlands (Central  Sunatra) ,  Proc.  Inet .
Tekn.  BandunSr v.  5 (1)  p.  1-8.

Structural Orlgln of Lake Slngkarak in
the Padang l t ighlands (Central  $, ,nrgi6) ,
Bu1 l .  Vo l c .  Tone  35 ,  1971  (Napo l i ) ,

(Receiued ?th Aw,iL 1972) .


