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.\itt!( lt)tr.:.: ii ltu\ l)((n attt'ptel t!tur Lukc,9ittgkarak irr the Padun;.J
Ili!li iurrl: i.t tturltirtlT tl:,' but a tcnrtrettt oJ' u gigantic vulcano - lhe Sitt,g-
l\ottrl\ y)itoti(r-vlt!r'lt rtrtit' hlcx oJ'l' it.t Iop to fonn o lul;e. Van Bcmnrclctr
rit,rt!h rtoi ref c'rritt! ro Siitgkarak Lokt: aspeciolll ', e.{lrloincd the ttunrcr-
rtrs lL'prc.\.\ioils irt Srt:rrqlru us tlrc totnlittcd result oJ rolcunic and tec-
trtttit trc'tititit '.s, u l)it(tu)nt.'n(,tt lrc r'ullecl volLoilo-lectotti(: process *'hiclt
t'tr:rscl Ihc litnwrliott oJ t/rc ncullt'tl tttlcano-tt't 'tonic depressions,

,.1 short ti.:it ttt Ihe lalic orcu iil lltr nbtths ol February and lfarch
i !970) tonri:r&'Ll tlr'uutltot tht! tlt( Sitrgkurul; lake is neither a volcan[c
t t t i r t  nt r  u ro l (ano-t t (  t t t t t i ( '  l t t ' r< ' t t i t l t  in  t lw sar ise o|  tut t  Bcnmelet t .

litultirt.g t,tidttrtt,.v, ntr)t'lh()lo!\' dttd tlta posilion o-f' tlrc ,9ingkanft
tntrtgh plu-r tlit 'di.ttriltittiott ol tokuriit prutlttcts ttorllt turtl soulh oJ'the
Ittlii: leutl to tlu'cttttclrr.vitttt tlut tlrc Sitrykaruk trouglt is a depression
rtruking part ol thc 1650 l;nt grultit :ttttc vhith stretthes Ji'orn Sunnlnis
tutrtlu't rt tip rnlill tltc Sunungko toll(t in thc SE. Fiekl evidences sug-
96t thct thc lukc rcsults.littnt tt tiutntttitrg proccss lty v'oltarilc maleriul
pnnltr<i,tl b.1' tl:a .\lutttpi-S)itt,!.guhrtrlltntlil;ttl toluu joes irt the nttrtlt
11 ' : , 1  l t l  1111  l t t r ' r l r r t t :  l l . t n t  l l t ? ' l ' ( r l ( r t ! \ ,  \ t t l ( ( u t ( t  i r t  t l t t  . t ou t l t .

I \ t  l { o t ) t  ( - T l o \

Str t . rn: ; , . r l r r l  ! r r '  (  a l tcx l ) lLcr i i i  l r t t io t tcs iat i  Oi l  (  t tn lpany.  thc aulhor  hacl  thc
() l tpor tuni tv  to nrake i r  shor t  c \cu! 's io l t  tcr  t l ic  Padanl t  F l igh lands in  ear ly  1970.
'1  

he nur ty  consistec l  o l ' [ ) fs .  Fe l i r  l l l ise r  i r t td  l -an Bock Kang f rom the Univer-
s i ty  r r l ' iv l r r lavs i l .  \4r .  Kanr i r l  l l 'c - rnt  CPI-Oi l  Company a l td the author  of  th is
p i t pe r .

Wr i  thc. i '  cor- . t l i t ion drr r ins.  thc tL ip i i 'as ta i r l l -  s i . r t is lactory and thanks
to the Landrover leased to the partv by CPl, large distances could be covered
thor"rgh r r ) i ld  coudi t ions \ \erc general ly  dcplorable.  Most  of  the t ime however
' , \ 'c re s lcut  in  the arcas uround I  rke Sinekaf t rk  u1d around the Umbi l in  Basin.

' i 'he arca o l 'Lake Singkarak cat t  be reached easi l l 'by car  f rom Padang
I)ancl . jar rg rvhich is  s i tu l r ted r ight  in  the nr ic ld le o i  two nta in c i t ies of  Buki t
l  inggi  i ind Pldnng (sce lnder  \ ' !ap) .  A snal l  v i l la  o\ \ned by Hote l  Adi l la  near

Urnbi l in  ancl  thc guest  house of  the Umbi l in  coal  lv I inc in  Sawah I -unto served
ils cr)rntbrtahle brisecatnps. The road \ '"hich cc'rntrects Padang Pandjang and
Solok *h ich goes i . r long the easteru shore of  the lake is fa i r lygoodwhereas
:rn unparer' l r()ad ol' l ly &ccessahle-tv .ieep goes'.along its western shore.

; )  i j . p i , r i c ; . u tog l / ( i cop l r l s i *  { I l  l l ) - l n t l . r r cs i r r .
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M.T. ZEN

Generally, the geology is reasonably well exposed and by clear weather
thc norphology of the entire area can be observed from several points situa-
ted on nrounta i r t  s lopes which f lanked both s ides of  the lake.

I {ercwi th the arr thor  wishes to thank CPI-Oi l  Company for  the a id and
sclvices lenderccl to him which nracle this trip p<-rssible. Special words of thanks
alc d i rcctcc l  to  Mr.  Kropschot ,  Act ing Manager Explorat ion f ) iv is ion of
CPI-Oil Conrpany rvho shou'ccl a keen interest in the geological problenis
ol '  Ccntra l  SLrniat ra in  gcneral ,  to  Mr.  Kamal  u 'hose connect ion and good
rc lat ionship lv i th  thc local  author i t ics made the t r ip  easicr  and last  but  not
lcrst 1o I)r '. l tru' l ix Hescr who helped the author clari lying nrany problems
ertcorrntc ' rec l  in  the I ' ie l t l  throush usefu l  c l iscrrss ions.

rHE  SUMATRA R IF -T  ZONE

-[hc prr rposc ot ' th is  pal r r  is  to  c l iscuss the or ig in of  Lake Singkarak.
Sincc i t  r r  i l l  bc shol l ,n  in  thc next  chaptcr  that  i t  is  c l i rect ly  connected
rv i th  thc nru in r i l ' t  zonc ot 'Sur .n i r t ru i t  is  not  out  of  p lucc to g ive a shor t
iu t roductoty t l isc l ip t ion ot '  the Sunt l t ra Ri f t  Zone.

Previot rs  urr thors such as Westcrvelc l  (1952),  van Benrmelen (1949),  Ver-
stappcn (19-55,  195 l )  and Kat i l i  (1967,  1969) have ascer ta incd the er is tence
of  a 1650 knr  l j ru l t  zonc which runs t long thc unt i re length of  Sumatra f ronr
the Senrangko Bay in thc SW to the t ip  of  At jeh jn  the NF.  This zonc is  ca l lec l
Sutt.rirnqko l ault zt ' lnc by van [Jcmmelen ( 19.19) and Grcat Sunratra farrlt lrough
svslenr  bv Wcstcrveld (1951) Vrn Bcnrnre lcn (1949) as wel l  as Wcstcrveld
(  1952) uscr ibcc l  vcr t ica l  c l isp lacements to th is  l 'au l ts  z-onc,  whercas Kat i l i
( 1967, l9(r9), based on l iterature stucly oll 'ered evidences which suggcst
horizontal movenrents along this zonc.

Gcologic and tcctonic history of the Sunda islands shorvs that as early
as the Neogcne the Suuratra and Sunda orogens were d iv ic led in to longi tu-
tl inal l irult blocks by the developntent of an elongatecl grabcn zone and parallel
s t ructures o l 'a  s imi lar  k ind.  ivh ich cut  through the Mesozoic lo ld sytenr  in
Nol th and Centra l  Surnatra (van Bemmelen,  1949 and Westerveld,  1952).

F ic lc l  ev idences in  the Padang l { igh lands and works of  prev ious authors
suggest  that  th is  far- r l t  zone is  not  a cont inuous one.  Besides,  ver t ica l  as
wcll as horizorrtal nlovenrerlts occur along this zone. So it is nrore proper to
cul l  i t  SLrmatra Ri l ' t  Zone,  analogous to the East  Afr ican Ri f t  Zone.

The grlben structures originated by the collapse of the Barisan anticline
which happer.red irr the Tertiarv. This is indicated by the existence of Palcogene
beds witlt f ish renrains belorv old Miocene coal-bearing strata in the Padang
Highlancls  (Musper,  1935).  I t  ind icatcs deposi t ion in  an iso lated depression.
In thc Semangko Graben in South Sumatra, the existence of the graberl struc-
ture at the end of the Tertiary is ascertained by the presence oflate Paleogene
deposits near Senrangko Bay (Westerveld, 1952). The graben niorphology
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is most couspicuous in the Semangko Valley and in the Padang Highlands.
In the llitter part the graben stl'Llcture can easily be traced from the Ivluara-
labuh Valley in the south r.rnti l l  as far as Suntpur-Rokan-Kiri Valley in the
north.

Many parts of this graben zone becomes obscured by the cxtensive cover
of pyroclastic sheets and volcanic ntantels from the Quarternary volcanic
activit ies. Along tlr is zone. where it is l iee frotn volcanic cover, a large number
of  e longatcd depressions are lbund of  which or ig in is  largely s t i l l  unknown.
Most conspicuous are the Semangko Valley, the Kapahing Makakau Valley,
the Ketahun Valley. the Kerintj i Valley, the Muaralabuh Valley, the Sing-
karak-Solok t rough.  the Tarrgse Val ley and the.At jeh Val ley.  The occurrence
o1' a large nuttrbcr ol ' l irnralolcs antl hotsprirlgs itnd earthcprake cpicenters
i t r  the Seniangko Val ley and the Tarutung-Angkola-Gadis depression,
1he Sumpur ancl  Muala labuh Val ley,  ind icates that  the t -aul ts  border ing
th is  graben zonc are st i l l  act ive.  Iu  th is  paper only  the Singkarak-Solok
trough wi l l  bc d iscussed in deta i l .

MORPI IOLOCY AND STRUCTURE OF THE S INGKARAK
.IROUGH

The Singkarak-Solok depression consists  of  two par ts ,  the e longated
northwest-southeast  t rencl ing Sinekarak Trough which is  about  40 krn
long and the rectangle shaped Solok Pla in at tached to i t  the southeast
(Fig. 2)

According to the map sheet  36,  Hind 1043 (Padang) issr" red by the US
Arnry Map service, 2nd-Edition 1944, Lake Singkarak is about 20.7 km long
with a maximum width of 7.5 kn. Its present waterlevel has an elevation of
362 m above sealevel with a maximnm depth of 268 m (Verstappen, l96l).
According to Verstappen (1961) the bottom of the lake is f lat. The topogra-
phic map sheets of Central Sumatra indicate that the lake is situated in the
very lowest part of the Sunratra Graben of this section. Morphologically,
L,ake Singkarak does not look l ike a cratel-lake, caldera or volcano-tectonic
depression. It is quite dif lbrent l iom thc Manindjau depression in the north
which is conrpletely surrounded by steep craterwalls built of alternating layers
of pyloclastics and lava flows. Its shore l ine is relatively very straight. Its
rvesterrt side is distinctly bounded by flat terraces and scarplets.

The Solok PIa in is  only  s l ight ly  h igher  than the lake level .  l ts  a l t i tude
ranges fiom 387 m above sealevel in thc northwest to about 450 m in
the southeast. From the bottorn of the lake its alt itude ranges between 293
to 356 m. In the sontheast the floor of the Singkarak Trough rises abruptly
to approxirnately 1,500 m above sealevel in the surroundings of Lake
Baruh and Lake Atas which are at a distance of 35 to 40 km from the
southern shole ol Lake Singkarak respectively.
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6 ORI(;IN OF LAKE SINGKARAK IN THE PAD.A,NG HIGHL^{NDS
(CENTRAL SUMATRA)

In the NW the floor of the trough rises more abruptly lhan in thc South.
Au elevation of 1,180 m above sealevel is reached at a distance of only 19
km fronr the northwestern end of the Lake. l 'his is the area where the pro-
ducts flont the younger Marapi abud against the fbot of the Singgalung vol-
cano, forming a bload saddle which consists of pyroclastics ancl lava flows.
To the nor th the terra in s lopes gradual ly  down torvards the tut ' f  p lateru of
Aganr.

Most  of  the snia l l  r ivers in  th is  area f low torvards the Singkarak lake,
inc luc l ing those r ivers in  the Solok Pla in.  but  the lake i tsc l f  is  bc ing dra ined
c-astrviircl b_v- the Unbil in ri l 'cr which incises its course through thc off shoot
o l '  l luk i t  Padang nrounta ins.  Vr lke nburg (1921) ntent ioncd thc cx is tcncc of
a c l ry  val lcy to thc '  cast  o l 'Solok.  Evidcnt ly  thc Solok Pla in once c l lu ined east-
\ \ ' r t f ( l  v ia  t l t is  deser tcd val lcy ancl  thc Lasi -Punrui r tan r ivc l  rvh ich dr-buuches
i r r to thc Urnbi l in  r ivcr  ntany k i lonretc ls  c lown-st leanr .  The bot ton ' r  o t .  the
cl ry  val lcy is  at  4 l0ni  above scalcvel .  l t  is  nrore or  less at  the sanrc c lcvat ion
ol '  the l t ighcr  terr i lces of  the Unrbi l in  out le t  of  l -akc Singkarak.

Most probably the Soeniani rivcl lbllowed this dLy vallcy lbrme r' ly but was
lbrced to I ' low tcrrvarcls ths Lakc latcr on b'v subsiclencc of the trough bottonr.

To the east and rvcst, thc Singkarak Trough is bouncled by steep tault
sculps.  A number of  scarp lets and te l races f lankinglhe lake on both s idcs can
bc d is t inguished very c lcar ly  i r t  l iont  of  thc faul t  scarps.

lndicat ions o l '  normal  faul t ing arouncl  t -akc Singkarak arc nunrcrous.
Alor tg thc road to l la tusangkar which pal t ly  lb l lorvs the Unrbi l in  r ivcr  6 nor-
mal  lau l ts  para l le l  to  the lake arc tbund rv i th in a d is tancc of  less than 2 kn.
' I 'hc 

l ; rLr l ts  a le indicated by a repet iorr  o l - l - iuc I l l ,cred lake dcposi ts  and volca-
n ics.  ObvioLrs ly  thc [ - lmbi l in  l ivcr  lb l lows unother  t ransverse faul t  ind icatcd by
the prcsence of t i l tcd youngel l inlcstorlc I l1'ers adjacent to the !akc dcposits
not  lar  l iorn Ai r  

' I  
anang v i l lage.

Along the road f rom Singkarak v i l lage to Sui l t  A i l  sevcra l  t i l ted b locks
cl ipping tow'ards the east  are cnc-ounte led in  the surrouncl ing o l  Prnolanr i r
I -anra.

Also a long the uest  s ide of  the lakc indicat ions of  normal  faul t ing are
lbLrncl. Slickcnsides arc found nearly on all older rock surfaces exposcd in
snrall streanrs such as l imestones, phyllonites and schists which are supposcd
to bc of Pcrirro-CarbonifeloLrs age (Musper, 1929).

l r . r  the srnal l  s t lcanr  of  Muarabuluh several  faul ts  are lbund running pa-
ra l le l  to  thc lakc.  One,  t rending N 332Ei45,  b iought  the younger volc i . rn ics
adjacent to the schists and dolomitic l inrestone rvhich is of Permo-Carboni-
l-crous age. In this area, wherc e\posures are plenty, strongly deforned rocks
arc tound in rn i rny p laccs.

According to the nlayor of Singkarak (oral communication, 1970) the ri-
ver  o[  Muarabuluh d. id  not  er is t  befo le 1961.  I t  canre in to being dur ing a huge
landslide rvich caused a "Bergsturz" which swept many houses and school
building into the lake. The mayor further stated that this ty'pe of phenomena
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occurs ..quite" frequent around the lake area. If i t is true this might indicate
that the fault is sti l l  active in this region.

Travcll ing around the lake gives one the impression that volcanic pro-
ducts are not  predominant  in  the " rock economy" of  Singkarak.  Rock
flagrnerrt found on the shore are mostly older rocks l ike schists, shale, slates,
gneisses, and dolomitic l imestones.

'fhe 
small terraces and scarplets on the westside betrveen the vil lages

Kota Baru and Saningbakar are overlain by a thin cover of young volcanics
consist ing of  andesi t ic  to  daci t ic  lava bouldcrs or  tu l fs  which y ie ld of f  l ight
red soi l  when u 'hethered.  Also the h i l ls  on the southeast  s idc of  the lake are
overlain by the sanre typc of rnaterial, The light red cover of the ten'aces aud
scarple ts  a lc  d is t ic t  f ronr  both s ides of  the lake.  The volcanics are not  d is-
t inct lv  corrnected wi th a paLt icu lar  erurpt iou center .  So there is  a possib i l i ty
that they have bcen issued fronr fissures found on both sides of thc lake. BLrt
there is  r ro proof  whatsoever for  th is  assumpt ion.

On thc nolth end of the l irke the glaben is f i l led by pyroclastic f low
clc l . los i ts .  l t  consis ts  of  sand,  lap i l l i .  scor iae lava f ragrnents ! tnd ash.

Thcse banks of  pyroclast ics show 14' -16"  d ip towards the lake.  Goocl
cxposurcs are found in Sumur.  Thc sarne type o l  deposi ts  are a lso forrnc l  in
thc r i lhgc Bat ipu Atas (a long the road f ron.r  Batusangkar to Pi ic lang Pan-
djang) .  Here,  t l rc  pyroclast ics are obviously  connccted wi th thc Marapi  vo i -
cauo.  l t t  th is  area exposures of  lava f lorvs a l ternat ing wi t l r  pyroc last ics are
tturrtcrously lbund.

A pyloclastic f lorv dcposit of the sanre structure Arc also found irr t lrc
quarr ics of  l la tang Arus not  far  f ronr  Alahan Parrd jang in thc south.  Si r rcc
Mt.  Talar tg is  the c losest  act ive volcano in the region i t  is  reasonable to as-
surnc that thcse pyroclastic dcposits were ploclrrccecl by the Talang volcauo.

CONCLTJSION

Evic lcnccs e ncountered ut r t i l  now suggcst  that  the Singkarak-Solok I roug:h
is  a graben.  l t  is  par t  of  the Surnatra Ri f t  Zone.  Lake Singkurak i tsc l l -
carrc in lo ex is tcnsc by the c lanrnr ing process caused by volvanic nratc l ia !
f i l l ing in  both ends of  the graben.  l t  is  qui te ev ider t t  t l ra t  the g labcn canrc
into cxistcnce plior to the volcartic phase which produced the pyroclastics.

INSTITUT TEKNOLOGI BANDUNG
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