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Abst ract  

Lemat Formation in the Orange Graben in the South Sumatra basin has been considered as syn-rift  sediments consist  of 

fluvio-lacustrine sediments, create source rock w ith fluvio-lacustrine characterize. Based on exist ing publicat ions, show ing 

that the oils from Orange Graben have fluvio-deltaic characterizat ion and generated by source rock from Talangakar 

Formation w ith fluvio-deltaic deposit ional environment. 

This paper emphasizes geochemistry methods. Source rock analysis, consist of 26 samples for carbon isotope and 14 

samples for biomarker, w hile oil analysis, consist  of 15 samples for carbon isotope and 19 samples for biomarker. 

Characterizat ion has been based on qualitat ive and quant itat ive data. Qualitat ive data comprise evaluat ion based on 

chromatograms and mass-fragmentograms, whereas quant itat ive data consists of a series of cross-plots, eg. cross plot of 

carbon isotope δ13
C saturates - aromatics, distribut ion of C27-C28-C29 sterane, Pr/nC17-Ph/nC18, Pr/Ph-Pr/nC17, carbon isotope δ13

C 

saturates-Pr/Ph, Pr/Ph-total hopane/total sterane, and rat io of C26/C25 (t ricyclic). 

Based on geochemical result  of analysis, source rocks of Lemat Formation in the Orange Graben interpret as source rock 

w ith fluvio-deltaic characterize, have terrestrial influence while Talangakar Formation in the Orange Graben interpreted as 

source rock w ith deltaic characterizat ion, having marine and terrestrial influence. Both of them , consist of humic kerogen. 

Whereas, oil samples in the Orange Graben interpreted as oilw hich is generated by source rock w ith fluvio-deltaic 

characterizat ion, having terrestrial influence, in anoxic-suboxic-oxic condit ions, consist ing of humic kerogen. Correlat ion 

result  betw een source rocks and oils in the Orange Graben, indicat ing that fluvio-deltaic oil type in the Orange Graben are 

correlate w ith not only the source rocks of Talangakar Formations but also w ith source rock of Lemat Formation.  
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1. Int roduct ion  

South Sumatra Basin is a potent ial and mature 

basin for hydrocarbon source. There are a number 

of sub-basins w hich is potent ial as the 

hydrocarbon source in this basin. Orange Graben 

is one of sub-basin on the South Palembang Sub-

Basin, formed in Upper Cretaceous to Lower 

Tert iary, in extensional phase, this is the 

beginning of sedimentat ion in this area.  

Lemat Formation in Orange Graben has been 

considered as syn-rift  sediments consist  of 

terrestrial sediment (fluvio-lacustrine), creat ing 

source rock w ith fluvio-lacustrine 

characterizat ion. While based on exist ing 

publicat ions, show ing that oi l from Orange 

Graben have fluvio-deltaic characterize and 

generated by source rock from Talangakar 

Formation w ith fluvio-deltaic characterizat ion.  

This is interest ing to study further, especial ly 

about possibi li ty of source rock w ith fluvio-

lacustrine characterizat ion in research area. This 

study emphasized to source rocks of Lemat and 

Talangakar Formation in Orange Graben, South 

Palembang Sub-Basin, South of Sumatra Basin. 

 

2. Locat ion of Study Area 

The study area located in Orange Graben, 

South of Sumatra (Figure 1). 

 

3. Research Methods 

The basic source rock analyses comprise 

screening, kerogen typing, and maturation. 

Further analysis, such as correlat ion between 

source rock and crude oil as well as crude oil to 

crude oil, has been done by using more 

sophist icated techniques, i .e. carbon isotope and 

biomarkers. Source rock analysis, consist  of 26 

samples for carbon isotope and 14 samples for 

biomarker, while oi l analysis, consist  of 15 

samples for carbon isotope and 19 samples for 

biomarker. Characterization has been based on 

qualitat ive and quant itat ive data. Qualitative data 

comprise evaluat ion based on chromatograms 

and mass-fragmentograms, whereas quant itat ive 

data consists of a series of cross-plots, eg. cross 

plot of carbon isotope δ13
C saturates-aromatics, 

distribut ion of C27 C28 C29 sterane, Pr/nC17 Ph/nC18, 

Pr/Ph Pr/nC17, carbon isotope δ13
C saturates Pr/Ph, 

Pr/Ph  total hopane/total sterane, and rat io of 

C26/C25 (t ricyclic). 
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Fig 1.  Locat ion map of the study area and data of source rocks in Orange Graben. 

 

 

The results of this study expected could 

explain the character of source rocks and oil in the 

Orange Graben, also to find out the possibi li ty of 

lacustrine source rock existence and determine 

the correlat ion between source rocks and oils in 

this area, so can be known w hether Lemat 

Formation source rocks also have contributed to 

produce oil in this area or not. In addit ion, to 

provide a new opportunity in the explorat ion of 

hydrocarbons in the Orange Graben which 

considered as a mature and potent ial basin for 

hydrocarbon.  

 

4. Regional Geology 

The evolut ion of the South Sumatra Basin started 

in the Mesozoic Era (Pulunggono et al., 1992) (25) 

as a back-arc basin (Figure 2). Back-arc basins in 

Indonesia are generally hydrocarbon prolific 

basins. The mechanism involved in the basin 

formation is general ri ft ing, which formed a 

graben or half graben. This basin was formed in 

two phases, i .e. the rift ing phase occured during 

the Paleogene and the sagging   during   the   

Neogene. The   ri ft ing      phase    is characterized 

by the thinning of crust forming Graben or half 

Graben, whereas the sagging phase is 

characterized by stable tectonics, and even a 

change in tectonic compression, which finished 

w ith volcanic activit ies that are shown by the 

occurrence of tuff that appeared in the Air 

Benakat Formation. The rift ing phase was fi l led by 

the Lahat Group that is comprised of the Benakat  

and Lemat Formations, whereas the sagging phase 

was fi l led w ith sediments from the Talangakar 

Formation up to the youngest formation, i .e. Kasai 

Formation (Figure 3). 

 

5. Character izat ion of Source Rocks and oi ls in 

Orange Graben  

5.1. Quant i tat ive Method 

Pristane/phytane (Pr/Ph) rat ios have been used 

to assess the redox potent ial of the deposit ional 

environment and source of organic matter (Didyk 

et al., 1978 (10); Tissot and Welte, 1984 (31); 

Zhang and Huang, 2005 (38); Peters et al., 2005 

(22); Duan et al., 2008 (11); Hao et al. 2011 (18); 

Cheng et al., 2013 (7) and Tao et al., 2015 (9) or 

reflect the relat ionship between contribut ing 

organisms and the chemistry of the environment 

(Mello and Maxwell, 1990) (20).  

Figure 4 show s a cross plot Pr/nC17-Ph/nC18 as 

proposed by Connan and Cassou (1980) (8) and 

Pr/Ph Pr/nC17, source rocks of Lemat and 

Talangakar Formations, and oils in Orange Graben. 

This image shows both source rocks of Lemat and 

Talangakar Formation and oils, consists of humic 

kerogen in suboxic-anoxic unt i l oxic condit ions, 

but most ly in oxic condit ions.  

Waples, 1985 (35) stated that on the average, 

the stable carbon isotope values of the saturated 

more negat ive (l ighter) than kerogens. A plot of 

the stable carbon isotope values of the saturated 

and aromatic hydrocarbons in the source rocks of 

Lemat and Talangakar Formations and oils in 

Orange Graben as proposed by Sofer (1984) (27) is 

shown in Figure 5. This figure shows source rocks 

of Lemat and Talangakar Formations and oils 

consists of terrestrial and mixed material, in 

anoxic suboxic to oxic condit ions, but most ly in 

oxic condit ions.  

Figure 6 shows a cross plot of Pr/Ph-

hopane/sterane and sterane distribut ion C27, C28,  
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Fig 2. Tectonic evolut ion of the South Sumatra Basin from Upper Jurassic-now  (Pulunggono et al., 1992). 

 

Fig 3. Regional strat igraphy of the South Sumatra Basin (modified from Ryacudu, 2008). 
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Fig 4. Cross plot of Pr/nC17-Ph/nC18 and Pr/Ph  Pr/nC17, source rocks of Lemat and Talangakar Formation, and oils in Orange 

Graben. 

 

 

Fig 5. Cross plot of carbon isotope 
13

C saturates - 
13

C aromatics and carbon isotope 
13

C saturates - Pr/Ph, source rocks of 

Lemat and Talangakar Formation, and oils in Orange Graben. 
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and C29, source rocks of Lemat and Talangakar 

Formations and oils in Orange Graben. From this 

picture it  appears that the source rocks of Lemat 

and Talangakar Formations and oils affected by 

terrestrial material in anoxic suboxic unt i l oxic 

condit ions, but most ly in high oxic condit ions.  

It  is usually believed that C27 steranes derive 

mainly from phytoplankton and metazoa, 

whereas C29 steranes mainly originate from 

terrigenous higher plants (Huang and Meinschein, 

1979 (19); Volkman, 1986 (33)). From the cross 

plot of sterane distribut ion C27, C28, and C29, show 

Lemat Formation derived from estuarine to 

terrestrial environments, whereas Talangakar 

Formation and oils derived from marine, 

estuarine, and terrestrial environments. 

 

 
 

Fig 6. Cross plot of Pr/Ph-hopane/sterane and sterane distribut ion C27, C28, and C29, source rocks of Lemat and Talangakar 

Formation, and oils in Orange Graben. 

 

 

 
 

Fig 7. Comparison of biomarker characterizat ion qualitat ively betw een source rocks of Lemat and Talangakar Formation, 

and oils in Orange Graben 
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5.2 Qual i tat ive Method 

Figure 7 is a comparison of biomarker 

characterizat ion qualitat ively betw een source 

rocks of Lemat and Talangakar Formation and oils 

in Orange Graben. From this picture it  appears 

that source rocks of Lemat and Talangakar 

Formations and oils, according to ten Haven and 

Schiefelbein (1995) (30); Peters et al. (2005) (22); 

Syaifudin et al. (2015) (28) and Tao et al. (2015) 

(29), is not lacustrine sediments because has 

C26/C25 (t ricyclic) smaller than 1.  

Based on tricyclic data, according to Price et al. 

(1987) (24), Lemat Formation and oils show  

terrestrial pattern, whereas Talangakar 

Formations show marine and terrestrial pattern. 

Terrestrial is characterized by high C19 and C20 

t r icyclic (Philp and Gilbert , 1986 (23); Peters and 

Moldowan, 1993 (21), Hanson et al., 2000 (16); 

Grice et al., 2001 (14); George et al., 2004 (12); 

Volk et al., 2005 (32); Zhang and Huang 2005 

(38); Peters et al., 2005 (22); Hao et al., 2009 (17); 

Hao et al., 2011 (18); Asif et  al., 2011 (4); Adedosu 

et al., 2012 (1); Tao et al., 2015 (29); Wang et al., 

2015 (34)). Lemat, Talangakar Formation and oils 

show C19 and C20 tr icyclic are more abundant. C23 

t r icyclic is often the dominant in crude oils of a 

marine source (Aquino Neto et al., 1983 (2); 

Zumberge, 1987 (40); Burw ood et al., 1992 (6); 

Hanson et al., 2000 (16); Zhang and Huang, 2005 

(38); Hakimi et al., 2011 (15); Tao et al., 2015 

(29)). Talangakar Formation besides show C19 and 

C20 t r icyclic dominan, also C23 t r icyclic dominan. 

These data indicate Lemat Formation interpreted 

as fluvio deltaic sediment, whereas Talangakar 

Formation having more marine characterizat ion 

than Lemat Formation.  

Based on data of 29H and 30H (hopane) 

distribut ion, the pattern of 29H <30H indicate 

marine clast ic sediments, while 29H>30H is 

evaporates-carbonate sediment (Zumberge (1984) 

(39); Connan et al. (1986) (9); Price et al. (1987) 

(24); Waples and Machihara (1991) (36); Peters et  

al. (2005) (22); Hakimi et al. (2011) (15); 

Xiangchun et al. (2013) (37); Syaifudin et al. 

(2015) (28), and Wang et al. (2015) (34). The 

source rocks of Lemat Formation and oils show s 

29H <30H, while Talangakar Formation not only 

show 29H<30H but also show 29H>30H. 

From data of homohopana distribut ion which 

decreased regularly from C31 to C35, interpreted as 

deposit ional environment w hich associated w ith 

clast ic sediments (Waples and Machihara, 1991 

(36)) or more oxidizing condit ions (Peters and 

Moldowan, 1993 (21); Hakimi et al. (2011) (15). 

The source rock of Lemat, Talangakar Formations, 

and oils in Orange Graben interpreted as 

deposit ional environment w hich associated w ith 

clast ic sediments. 

Based on these data, oi l in the Orange Graben 

interpreted originated from fluvio-deltaic source 

rocks and has a correlat ion w ith Lemat and 

Talangakar Formations in Orange Graben. 

 

6. Conclusion 

Source rocks of Lemat and Talangakar 

Formations and oils in Orange Graben consists of 

humic kerogen and terrestrial and mixed material. 

Source rocks of Lemat and Talangakar Formations 

and oils in Orange Graben, is not derived from a 

lacustrine sediments, affected by terrestrial 

material in anoxic -suboxic unt i l oxic condit ions, 

but most ly on high oxic condit ions. Besides, i ts 

also looks like Lemat Formations derived from 

estuarine to terrestrial environments, whereas 

Talangakar Formation and oils in Orange Graben 

derived from marine, estuarine, and terrestrial 

environments. Lemat Formation and oils in 

Orange Graben show terestr ial pattern, whereas 

Talangakar Formations show marine and 

terrestrial pattern. These data indicate Lemat 

Formation interpreted as fluvio-deltaic sediment, 

whereas Talangakar Formation having more 

marine characterizt ion than Lemat Formation. 

Oils in the Orange Graben interpreted originated 

from fluvio-delta source rocks, has a correlat ion  

w ith Lemat Formation and Talangakar Formation 

in Orange Graben. 
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