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THIN-SKINNED TECTONICS AND 
FAULT-PROPAGATION FOLDS: 

NEW INSIGHTS TO THE TECTONIC ORIGIN OF 
BARITO FOLDS, SOUTH KALIMANTAN 0) 

By, 
A""ang Hamn Satyana and Parada Devy Silitonga .... ) 

ABSTRACT 

Barito Basin, South Kalimantan is located in between Sunda Shield to the west and Meratus Range 
to the east. The area is foreland- backarc region typified by foredeep at the frontal zone of Meratus and 
platform approaching the shield. The structural style of the Barito Foredeep is characterized by parallcl 
trends of folds and thrusts that repeat in closely spaced, wavelike bands constituting the belt. The folds 
are bounded by high angle, westerly -banging thrust faults. These structures become increasingly imbri_ 
cate towards the Meratus Range. Conjugate pair of strike-slip faults cut older structures. The platfotm is 
marked by weak tectonic patlerns, some of which with gentle folds. 

The study tried to apply concepts of thin-skinned (detached) tectonics and fault-propagation folds 
in search of the tectonic origin of Barito folds. Seismic sections were examined to define the structural 
characteristics of the basin. Retrodeformablc sections were tested to solve the problems of structural his
lory. 

The study showed that the Barito Basin had been tectonized into different structural styles of un
real basement-involved tectonics with fault-related folds in the foredeep and indistinct thin- skinned tec
tonics in the platform with discontinuous decollement, ramps and obscure fault-propagation folds. The 
hydrocarbon so far is known to be trapped in the fault-related folds and paleohighs 

of the northeastern end of Barito Foredeep. The possibililY of decollement folds to trap hydrocar
bon still needs to be examined by newer-and better-quality seismic sections of the platform area. 

1. INTRODUCfION 

This paper describes the structural con
figuration of Barito Basin, South Kalimantan . The 
study tried to apply concepts of detached (thin
skinned) tectonics and fault-propagation folds in 
search of the tectonic origin of Barito folds. The 
classic view asserts that all Barito faults involve 
basement and (hat fold formation has nothing to 
do with faults (nonfault-related folds). 

In this paper, firstly we discuss the charac
teristics of thin-skinned tectonics and fault
propagation folds in general terms. Following this 
part we examine the tectonic origin of Barito 
foldsin which the detached faults, fault-propaga-
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tion folds and basement-involved tectonics are 
discussed. Finally, implications to the hydIOcar
bon exploration significance are considered. 

Grateful apprecialion is extended to the 
Exploration Dept. of PERTAMINA Balikpapan 
from whom this study originated, and to the Ex
ploralion Dept. of PERTAMINA Jakarta for 
their pennission to publish it. Those in Balik
papan who took part in the discussion when the 
paper was being prepared have also contributed 
to the paper and to them we also offer our deep 
gratitude. 

2. TECTONICS OF FOLD AND THRUST 
BELTS 

2.1 Thin-Skinned Tectonics 
The Appalachian Mountains, which extend 

along the eastern side of North America, are c1as-
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.>c , round for 1II . L>Ctural geology, for bert. m .. " y of 

the major conccplS or the. " k nee we.e 
~Ioped. The Pine MOWItaUt. Ihl'1l$llhect in the 
Va/Icy .nd Ridge P""";noc of Souther .. Ap
pal.chi .... is the cW.s.ic model for tbin-skinned 
deformat ion (Harris and Milici, 1m; Suppe, 
198.5). Rich (1934) ue Hanis ."d Milici (1971), 
ulilizina; the Pine MounJai" thrust iii an example. 
.lIggestcd IhM defonnation was ocmlined to Ibe 
sedimentary oa~'. wbich was ot.ip~d off c~al· 
line b.scmcat above. d etached bull and ""'" in· 
dependcntly.dcfonot:d. This panicul1o. III)'!" of 
delormation, bcc:a....e it b_ bccD ooaJiacd 10 the 
Kdimcnlary sequence abo>'e the basement c0m

plex, h' been termed ",hUH kill.!Icd leetonia;" 
(Rodgers. 1949). A J1.t.m -Ionf: ie~ie profile 
(rom parI of the Valley and Ridge of Tcnneuu 
(Fig.lA) <:Ie.r ly establisl>e. the Ihln-cklnoed "yle 
of deformation. Decolleme nt (noor thrU$l) ""g_ 
menU of thnm faulu are COftfineci 10 "'.lip_phic 
horizQns that I ppc:v \0 be in.~ntly weak ";Ibe. 
bea.~ of low rod< Slreogtb. ~ nuid pr~rc:., 
or bolh (SlIppe, 1985). 

n.e thin.,kinDed ted.DnQ RUly be related 
"";th buement -;,,~ tectOtli<:$ (thiek-Uinned 
leclonic:&). Comp<~ $el\ing:o un mix detached 
IhrUSIS and folds wilh basemenllhrusl$. Det.ched 
thrUJ;1 ,)'Stems in t he Oote r frinee of orogen ic bc.Its 
can ultimate ly root dOWlldip :Ii basement thrust 
toward lhe cme region of ",¥nit bellS (Ha rding 
and Lowell, 1979). 

Faull'propagalion folds are f.ull-relaled 
fol<Js thaI form as part of lhe process of fault 
propagatilln, The g rowth of a bu lt , propagation 
fold a..soci:ucd with the stepp ing up 0( a thrust 
foult "as outlined ~malicaUy by Su~ (1985) 
(F'og.1 8 ), As the propagating fault lip bcgilU to 
diYc.g.c (rom lhe: bedding-plane of dcrollemc nt 
and step up through lhe: section. tWO kink hands, 
A·A' .nd 8-8', immcd ialdy form. Axiallurfacc B 
is pinned 10 lhe: foocwall culolT a nd beds roll 
through it. Axial.urraa: A ' lerminates at lhe faalt 
lip .nd beds rollt hrOtlg h il U faul l propagate •. 
A",al ... "flKC A S" formed by lhe me rging of A 
a nd B', m0V<!5 wilh the vciocilY of Ihe Ihru .. sheet 
and is the only axial .urface r"",d in the mal".ial. 

n ", imporlant e>idellcc for f.ull ·propaga
tion fo:ds is Ihe r~u~ s die out in lhe ror ... ~ of folds. 
Thi. up5CCl ion dying·out o f faul! C"<'C~ually trans· 

'" 
fe r its u p to • fold at ilS lip. or by d istribl>liBg it 
'm.onc_.aI spla)'$ (Mitra, 1986) (FL,. IC). 

3. TECTONIC O RIGIN OF BARlTO FOLDS 

3.1 Barl lo Basi .. : TortonI<: and Stnotlgnlpbic 
Fnom~ .. oc-k'I 

The Bn ilo Basin ill localed along the 
southeaste rn qe of the .. able continental SlllIda 
Shield. The Me, atus R ange den,," the basin in 
lhe ~asI.. To lbe t>orth it is dis.ti.DJuished ftolD the 
KUIe; BasiA by the Barilo-Kulei Cross High. Sout_ 
_ ,cis it ClIlend$ into lbe Ja .... Sea. Within ilS in· 
ICfDa! framc:""OI'k the Barilo BNi n lCO<IIains the 
p res.cnHI., NE 10 SW t<Cllding Builo Foredeep, 
nanked I" thoo wooo.I by the O"rilO r la. form 0.

Shelf. The BUDlok SUb\ouill, , itUlled to (he NW 
of th~ fo<cdc.cp is probably a n Offi.el C><Ien»ou 01. 
the foredeep (F'&2A) . 

The: pogie llWooy of lhe basin during 
Teniary was Slarled by rifting oflile basement in 
Palco-Eocene. The coDdilioft prevailed up 10 
Oligo-M ioccAe during which loc:aIiud aod 
regional ,ubP<lcnce, liUImpbe<ie stretching, in'er
rupted by uplifting. impreMCd (he buin. Graben
fill comprise& T aojung and &hallow p latform and 
rna.] of Ber.i formalions we<c c-stabJishcd. By 
mid·Miocene, the prevailing SlrllClural sryIc 
cha1!pc1 to more comp ressional lW.ure. R~giona! 
uplif. , a!>J""lr~d in ",iddlc: Miocene and Plio
Pleo..oclUle established the sediIDCnlS of Warukin 
and Oahor fOtnlaoons aod ~ rise 10 lhe 
prQCN " rualUal conflgu,ation (F"ogs.lB,5A). 

The rifling or block fault ing of Ihe Barilo 
b':""menl is a uniq ue ",rua ural hislory and cru
cial In the p' C5e nl study. The rif'in, produced a 
!-el of horoSt. and g.rai>tns Ihat wc<C deci.;~ fo r 
Ihe fol""'-'n, $l ruetar.,.. The consc:qaence of 
early ' ifling f" lIowed by compression and uplifl · 
ina:. hIS rCKIivaled lhe old fault blocks rarher 
Ihan dadoped entin:1y new .UUClures.. 

Th", Ihin_.tinned t""tonia in Ih'" Uuj lo 
Sa,,; n may be oI>oo<:r~d in Ihe . rca beyond Ihe 
Sa.ilo Fo",dec:p ( Bari lo Platform). $<;:;smic sec· 
tions rc-.eal Ihal the most areas in Ihe Barilo Plai
form are weaklyt«1oo;ud (F'tgs.3B,C). 

The poWbility 01. the ClCisteace of Ihin
s~int>Cd leetonia in the basin ill ' pp .. "nl in wmo:: 
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Fig.1 -A. Seismic profile · '~Hld interpretative structure section 
sho .... ing major n~flectors dipping steeply to' X' and decreasing 

their dips grAdually to WhtH'e they merge with the decollement 
Just above the basement (from Harris and Hilici, 1977). B. 
~chemnti c progressive development of a fault-propagation fold at 
the tip of a Lhri.lgt fault ( from Suppe, 1985) . C. Formation of 

imbricl:I.Le thru~t systems from thrust fault s propagation for large 
(1) nqd small fT!) initial ~; p i'1c:in9s of faults (from Mitra • . 1986). 
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" BAR ITQ 

JAVA 

EXPLANATION 

.2: Well (not .dniQnote oil/90S or dry) 

I. Hayup - I 9 . Barito - I 

2 .· BonokanQ - 2 10. Terulon-I 

3. Maridu- I II . Kahayan - 4 

4. Miyawa- J 12. Kualo I(apucu-I 

5 . Mortapura - I 13 . Perlf;JI-J 

6 . Tabanio-I 14 .Montalat - 1 

7 . Murunf;J - J IS.Panaln -I 

8 . Ka!apon9- I 

= Seismic Section 

Q . Seo Fl • . 3A 

b. 5 •• Flo. 3 B 

o. 5 •• FiO . 4A 

d. 5 .. FlO. 4 C .. 5 •• FiO. 3C 

f . 5 •• FlO. 40 

O . 5 •• FlO. 4 B 

Fig.2 A. Tectonic setting of 
Barito Bas in. Locations of well and 
seismic section discussed in the 
text are shown (modified after 
PERTAHINA snd INOCO, 1985, 
completed with well and seismic 
section locations). B. sedimentary. 
Stra tigraphic. and tectonic summary 
of Barita Basin (from Bow Valley. 
1992 ) 
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Fig.3 - A. Seis.ic section showing the 

basement thrusts in the Barito Foredeep 

(aodified after 'Gupta, 1981). B,C, 

Seiu;c sections showing the 'IIeakly

tectonized baseMent and possible Bera; 

reefal build-ups of the Barito Platfor. 
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Fig.4- Seismic sections showing the possibil ity of the existence of decollement, 
ramps, and fault -propagat ion folds ' (ramp anticlines) in the Barito Platform. 
Note the bends at the decollement which possibly create the ramps. The patterns 
of thin-skinned tectonics are indistinct may be caused by their far distance 
from positive structure-forming orogeny of Heratus Range (sect ions from UGC, 
1970). locations of section see Fig. 2A. 
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". 
seismic 5CCl;OM gained for- Conoc:o by UGC 
(1910) in Southwest Barito (Fig.4). The scct;oou 
show the p resence of ramps tbal p<»Sibly rQ(>l 
60wndip and join the decollement JUSt above the 
lop ol baKmenL ~ umps are po$5.ibly ('ie.
aered by bends at Ihe bucmcnt. Several tamps 
are repealed subsequently one in front of anothe •. 
This sbow>; the sequential .. volution of progrc~ve 
delaehmenl from inn ... to outer zone: (from ESE 
to WNW directions). The ramps; over the decolle
ment appear 10 h,. ..... deformed beds above their 
lips. Some Be.a; ree r.1 build:ups are possibly 
connecled wit h lhC5C .lImps. H owc""., nOC all 
r amp$ are fo llowed by d"foo-maliOM of ovulying 
beds.. We ass"me WI the coherently lUong com· 
petency of roc:b either or Tanjung or Berai for. 
malions makes rampl that a rc nQl always 
aCCO<llpanied by defor mat ions. 

The basement itself" apparently not dis
turb«i by CaullS. II is still dubioou as to the co .... 
stlllll continuation of decollement ,,\0018 Ihe 
basement. The discQntinuily of decolleme nt is 
supposed to be caUKd by the var)ed basf,mcnt 
o;c:unposition of tbe region. Nine """,II.! llu.t 
pc;DCtrated tbe basement in Ihd region showed 
Ihat the ba.semelll u compo&e<l of metaquatlzite 
(Murung- t , Kalllpang- l). phyllite (Barilo-I), 
granitic gneiss (Teruuon-I), phyllilic qwmzilc 
(Kahayan-4), quartzitic Icl>ist (Kuab. Kapun- I), 
granodiorite (Perigi-t), granile ( Moatalat-l) and 
und-5hale (Panain-l). This different compelcncy 
of roeb makes Ihe d<:eoUemcnls di:w:ontinuoll5. 

3.3 Barilo Fault·Propagation ."old s 

It was Bow-Valley ( 1992) who was the fint 
10 say [hal, I(ruCiurally, the T anjung Raya Area, 
at the norlhcm end of the Barito Basin, was 
typified by a seric.s of asy""netric faull_ proP"'&"
lloa. folds. In thu paper""", tried 10 cu.mine the 
emlence of such fokb in Tanjung RaY" Area and 
10 extend OUr e><aminalion 10 other parIS o f the 
basin. H aYing; returned 10 the basi<: concepts of 
faull_propaaation foklin&. we were dubioll5 aboul 
the exislence o f such foids in Tanjung Raya Ar",,
We did noc find any dceollcments from which 
propagated raults were originated. The faullS 
Ihrusted both the basemenl and scdu..cBlary 
CO'o'Cr$ (F"'8-lA). We did nOC find any ramps Ihal 
&tep up .... bifu rCi>le as sp~)'$ from noor thnlU$. 
III addilion 10 thaI, faulll appear 10 have (h rWlled 
all sedimenlary SCQue"CC$ of the basin. s.o tbere 
a re nO dying'''''u of rault which should mark the 

faull propagation folds.. Ne\'t:nhcte...... in the 
western region bcyoad Ihe foredeep '''ca, _ 
fOllnd Ihe appearances o f fault - p ropag"lioll fo lds 
thaI righlly jUJ<lap<ncd wilh Ihe pos.sible ramps 
(F"'g.4). RighI to Ihe """"-SI of Barilo F"oo-edcep boo-
der we found some dying- 01115 o f fallil which 
collid be the iodicalionll of fallit -propagation folds 
(Fig..SA). Unfortu"alely. lhere are no significant 
......, rlying ramp anliclines usocialed wilh the fault 
propagallon. 

Olle fact aboul BarilO foloh, about which 
we arc $IITC 10 be righI, is Ihal aU Barito folds are 
fault -relaled fold,;. It mcao5 Ibal the folds aTe 
formed by v..rtiCAl fOTce couple applied by $.lip 
aloog the underlying """planar faults. Tbi$ origin 
of folds is COIlnCCied with tbe contrast S1ruetu.a1 
W Illi")' 0( the basill f rom Paleogene to Neogene. 
The folds were formed by inversion tectonic force 
thaI propagate.d along ncwly- formed tbr~ faulu 
sta.ted in mid-Miocene and cootinlled to Plio
Pleistocene to , row the amplilude. o f folds 
(F">gs..5A.B). 

3.4 Barllo Bastm en t -IIJvo(yc d Tecton ics 

The basuaenl-mYOlvcd ICdO"'''' III" lbc 
BarilO Basin is restricted a round the Barilo 
Foredeep and Bllnlol< Subbasin. The strllctural 
confJgUration is clearly expressed in the TaDjung 
Raya A rea ( Figs..3A,sA,6). We assumed thaI the 
invalvcmcnl of Ihe ba!.emc.nl in thrusl ing was 
caused by s trong compelency of composed rocks. 
SOOIe """,lis thaI penclraled Ibe basemellt in Ihe. 
foredeep ( H ayup-l, Bongkang-2, Maridu·l , 
Miyawa-l, Martapura~l, Tab,aniQ-t) reveal that 
the basement consists o f limeslone, gra.oodiorile. 
bas.alt. altered porphyry. quan~te, and g ranile. 
Th...., COmpelenl rocl<s wben te<:lonizcd, make 
fault c.rOSS<:Ut Ihe rocks diagonally ( the rocks aTe 
ioYOlve<l) eKe Harru aDd Milici, 1977; Suppc, 
1985). 

The restoration of lectonic stagcs rcveals 
Ihal IIIe bascmcnl invalvc.menl in thrusting of 
Barilo Foredecp is 00l a r eal bascmc.lll-in~ 
tectonics. It mc..anS that the basemenl is 001 

Ih rU$l.ec:I al once by single lectonic Coree... B;uc;
meDI thrusti ng of Ihe B arito F oredeep WIl5 eaus-o::d 
by inveR"'" tectoniC&. I I was st.a.rled by rifting of 
the basemenl in Paleogc:ne _d invened by com
prel-SionaJ force in Neogene as basement thrusu 
(FigSA). Figure 5B discerns lectonic origin of 
BarilO basemenl Ihrusts m ore clearly. II shows 
thaI Paleogene rifts lrending pualJel 10 lectonic 
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"" 
tran.pon (10 W.I'<W) were i"vened IS basement 
thrusts, whereas Lite: opposite lIending ,ifts 
rem.in~ .. rifts ror the following5lages. 

~, tfYDROCARBON EX PLORATION SIG· 
NlflCANCE 

Most petroleum in tbrw.l.fQld' beltl Iw 
been trapped u. as)'lDlDdm. haneiaJ.w:on folds 
.nd le.ad edges of Ibrw.! u.eeu. Effecli~ clQlures 
ale commol>ly located at • rdativel)' opte. 10K or 
exte,n.1 fokh at a belt "'hleb IrC considered to be 
<keacbe<!. Closures al In.cloe poUlions lave been 
on ly . liglhly to moderately disrupced by f.ulting, 
allowi ng reservoir conlinuity and mi,ution path
ways 10 remain C$$c ntialy inlad (Harding and 
Lowell, 1919). Ramp anticllJle.\ or r. ult propaga
tion folds ecrul;lu,. the , i!llples.! ilructuuluap$. 
Overlapping ramp anticlines 0< imbriCile thrll$l 
s)Slem5 <X>nSl:ilUle lhe best hydtOClO.OOa traps be
Cluse of multiple stacki.Qg 01. Ihe ' ew"'Oir unit 
.nd eDh.ono::cd fu.cturiJl& fewltin, from increased 
curvaluu in lhe oYe.LappinJ $huts (Mitta, 1\1186). 

The Bar~o B"';n has evidently to be ",.jor 
Ioydroearboo> producer. Up to J uly 1991"'. basin 
has produced 124 MMDO . I><I 155 BCFG. Tooby 
th~ producing fields in the basin lIill prodUQ: 
3118 BOPO and 3302 MSCfGPO (July 1993 
, Ialus). The fields are et)ft CCR\rated in Tanjung 
R. y> Ar~a. The bydrocarbon i, !rapped in fault· 
related folds. Some hydrocarbo:l enttapnl~nt i< 
connected with paienhiglu. So fa. there i< nO 
known other productive arc. io tbe bu in . If tbe 
decollemenl folds rully ca_ inl O txillcncc in 
tl.:: .no' or Barito PI.rror", we can $lill hope to 
fir>d $lruClunl tTap" with probably btlle. ql1llity 
.nd q .... nlity lhan rbar in Tanjung ~1" area. The 
cootinUO<l$ dccolkmcnt that root <iowndip to the 
kitchen arc> in the foredeep CIIn play • role. a$ 

migration pathway. The bydroc;arbon will be 
trapped eitl>cr in ';mplc f.ull- propq&lioco folds 
or ove,lapping ramp ,ntielin<:$. Ho.oevcr. the 
available .ei.mie .,;diollS for the wes(e.n area 
(ta ken in 1968) so far do nOl '«Qunl for siC' 
nificanl trap$. We may need the newer· and hcl' 
ler- quality "" ismie Kotions (0 asses the 
hydrocarbon polcnli.l beyond lhe CJ<i.ting 
produaivc areas. 

S. CONCLUS IONS 

10 gene rallerml, [he .trutlure of fold OUod 
lhru,l belt. in Ihe forel.nd·back.r. lectonic "I. 
ling i$ fundamentally dominaled toy thrusl faull, '" 
deptb Ibat dip tow.rds lhe interior of Ihe mou~. 
lain bel! and rwI olong bedding pllJ\e.l ove, mlldl 
or their leagth. The deFormed W"Uaure i$ 

detached from its substr.te ala", a bedding plane 
nII>C of >lip c:aIlcd • dcc:oIlcmenl. The individaaJ 
thruots eaIIcd ''''''P6 or opIa)s lypically lIep-"" 
fron> decollc_ IIfIWUd and outward 1-.... 
!be !NIp of tho: mouQtain Ix.k. Because of [te

tonic transport .1orI, the &tcp-ups, fault- rchlcd 
folds ar~ fo.med ove. tbe fmlP6" fawt·propaga. 
tion folds. 

The Barite ,[ructunlllyie i, typified by Uo. 

real b ... ement- involved tetlnnies around th. 
foredeep;" whioh lhe folds arc OTiginaled as 
faull-related folds. Beyond the rOTedeep ap.
proaching the SURd. Shield the buement is 
dcYOid Ie<:!onizcd, otbcno.-U<: the t hi"-s.kinned.tec. 
tooiC$ "..y hvc Wen plae:. Disc:ontinllOUS 
dcc:oUcmeDt .. rlmP6 and f.ull·propagalioa fold:. 
a~ ind;""led ;., ",me seismic sedio ... of Iii<: . . .... 
even if wilbouJ c:obwiwI Wr.ae.istic. (rJg.5C). 

n.c hydroca.bon entrapment or !he Baril<:> 
Baoin i< k"""", [0 be Irlpped in faulHelaied fold!. 
of Ta njuog Jl.aya Area. So fir, the", ;, DO other 
producing area ;., [he basin. The newer aod be({~r 

·quality ~iunic sections of the Barito PlatfmIn 
arc slrictly nceded 10 aue6 Ihe CJ<i.lence .... d 
capability of decollemcn l fold ... hydroca rbon 
elMur"". 
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