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ABSTRACT

Compaction of claystones-shales and limestones penetrated by well TT-1 and TT-2 in the western margin of
the South Makassar Basin (SMB) has been evaluated. Each type of lithology exhibits specific porosity-depth
relationship which Is characterized by an exponential curve. In the study area the relationshipsare : ¢ =
690000392 for clgystones-shales and ¢ = 59.2°0-00073% for limestones, where ¢ is the porosity (%) and 2 is
the depth below the top of the sedimenis,

Those relationships facilitate decompaction of the sediments and hence restotation of their original thick- -
nesses. This study indicates that the thicknesses of the sediments have been significantly reduced by compaction.
It is evident that basement subsidence during Miocene times should be increased by 100 to 308 m if corrected for
compaction.

Understanding the (basement) subsidence is an important aspect of basin analysis as it facilitates the calcu-
tation of the amount of extension from which the formation of sedimentary basin can be modelled,

L INTRODUCTION crease of carbonate porosity with depth can be cha-

! racterized by an exponential curve,

One of the diagenetic processes that affectsd Since it is closely related with porosity decrease,
sedimentary rocks during their deposition is compac- compaction is an important parameter in estimating
tion, which can be defined as the reduction of pore the maximum burial depth of stratigraphic units.
volume in the sediments due to loading (Perrier & Hence, it can be used 1o calculate the thickness of
Quiblies, 1974). Indeed, it is resulted by physical g poranhic sections which has been removed by ero-

processes associated with Increasing pressure and son (Magara, 1976 a). During the process of burial

chemical cementation of the matrix of the sedi- 40 1004 of the overburden will cause an expulsion of
ments. Several factors which affecting compaction the pore water. This in tum would cause hydrocar-

during diagenetic processes are the type of ssdimen- bons to migrate from source rocks o reservoirs
tary rocks, age, rates of sdimentation and burial,  oy.., 1968 Magara, 1976 b). In the analysis of
abnormal pressure, mineral transformation and ce-  pon formation by stretching mechanism and in geo-

mentation
; history analysis, the effect of compaction is also one
Each type of sedimentary rocks is deposited with  ppoant factor that has to be accounted for

an initial porosity and will exhibit different response (McKenzie, 1978; Situmorang, 1982; van Hinte,
to compaction. For example, clays and m:’ﬂ“? 1978; Widiastuti et.al,, 1985).
ﬁﬂ*mﬁﬂ";:lﬂm'ﬂn“:t;m'“‘h’ In this paper, one of the effect of compaction
the highest initial porosity. other hand, sand- ie. porosity decrease due to vertical pressure exerted
stones, chalks and clays display similar compaction 7

the load of the overburden is discussed. Its in-
trend with increasing depth, however, compaction by
for each of them is somewhat different due to phy- fluence in the analysis of basement subsidence is also

sical and chemical differences of the matrix of the premnted with an example from exploration wells
rocks. Recent study by Schmoker and Halley (1982)  Stuated in the western margin of the South Makasar
also reveals that like other sdimentary rocks, de- Basin.
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Figure | Simplified NW—SE crom section, PB.1 - PB.2 - TT.1 - TT.2, offshore Southeast Kalimantan.

. POROSITY-DEFTH RELATIONSHIP

Much has been written about compaction of the
shaly strata (e.g. clays, shales), therefore, characteris-
tic relationship between thelr porosity and thelr
depth of burial has been well documented (Athy,
1930; Hedberg, 1936). The accounis of nonshaly
layers (2.2 sandsiones and limestones) are very rare,
despite their importance as petroleum reservolr rocks,
This is probably due to the fact that other changes
sich a3 mineralogical changes can occur during com-
paction.

The relationship between the porosity and burial
depth for mndstones has been proposed by Hardenbol
ot al. (1981), who also asume that reef limestones
and mnds display similar compaction trend under
load. They further assume that grain carbonates com-
pact like smands cootaining 30% shales, whereas
micrites like shales containing 35% mands
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However, it is generally accepied that the porosity
of the sediments exponentially decreases with depth
in a relationship :

¢ =t

where, ¢ is the porosity value at depth Z, ¢y is the
surface porosity value (z = 0), C is a constant of di-
mension (length™1) and Z is the depth below the top
of the sediments; ¢y and C are determined empiri-
cally.

Compaction i3 manifesied by reduction of the
thickness of the sediments at the time of deposition
to its present thickness. Thus, the present thickness
will be somewhat less than the initial thickness
In the analysis of subsidence, it is necessary to res-
tore the original thickness of the sdiments. To do
this we have first to establish the porosity-depth re-

. Iationship for each type of lithology. Once the porosi-

tydepth curve has been set up, decompaction is
carried out simply by removal of the younger sedi.
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Figure 2 Plot of bulk density against transit time for
claystone of well TT.1 and TT.2.
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Figure 3 Porosity-depth curve for claystone.
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Figure 4 Porosity-depth curve for limestone.

117




FQRDEITY

B .. §emBed

L) —

Tikdgl
I b

L R

b

..
]

M HH N

sl 1A =

L]

OEFTH - Km
i
1
T
T

J e L T T Ak i i

Figure 5 Relationship between lithologic units of TT.] and the corresponding pnrnﬁ.‘f—dlﬂht-‘-_:
Decompaction following dashed lines.
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Figure 6 Relationship between lithologic units of TT.2 and the corresponding porasity-depth curve.
Decompaction following dashed lines.




Figure 7 Variation of basement subsidence at TT.1 :

B k i n

or =__.,._".“m_"."“mnm.ﬁ_wm,nw, T .:___m i

| IR )
11 [FTTEETETE B
alil R 5
[

=

m;

S IEERE % P

(A) Uncorrected, (B) Corrected for com-
paction. The stratigraphic section has been
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ments, s0 that the underlylng sediments can be re-
moved upward along the curve to their previous po-
sithons.

II. SEDIMENT COMPACTION AND BASIN
SUBSIDENCE

Evaluation of compaction and its influence on ba-
gn subsidence is presented for the South Makassar
Basin (SMB). The results of exploration drillings in
the western margin of the basin (Fig. 1) reveal that
most of the Tertiary sediments are deposited in a
ghallow marine environment. Little is known from
the deeper part of the basin, since there has been no
drilling programme in thal area.

I have used well data from TT-1 and TT-2. These
two wells mark the transition across the marginal
fault from the East Kalimantan Shelf area to the wes-
tern side of the South Makassar Basin (Fig. 1), If ex-
tension occurred in this region, stratigraphic informa-
tion from these wells should contain the records of
subgidence. Indeed, active movement along the Taka
Talu Fault Zone is confirmed by the stratigraphy of
these wells. It started in the Eocene (Tab), and died
out during the middle Miocene (Tf1). In terms of the
stretching model, subsgdence which occurred between
the Eocene and the middle Miocene corresponds to
the initial bostatic sabsidence, Only after middle Mio-
cene when fsult movements stopped, can thermal
subsidence be observed.Hence, the top of limestone
in TT-1 and TT-2 (marker C2 in Fig. 1) is used as a re-
ference point for the calculation of thermal subs-
dence (Situmorang, 1982).

To restore the initial thickness of the sediments
between various time Intervals, | have prepared the
porosity-depth carves for lithologies encountered in
TT-1 and TT-2, i.e. for shale (claystone) and limes-
tone, based on sonic, density and SNP logs from these
wells. Although there is a sand column in the lower
portion of the wells, no attempt has been made 1o
construct its porosity-depth curve, due to unreliable
information from the logs.

The porosity values from claystone intervals of
TT-2 and TT-1 were used to establish
relationships for claystone, To cbtain a better esti-
mate of porosity, it is necessary first to establish the
relationship between the bulk density and the sonic
transit time. The data used is tabulated in Table 1 as
follows :
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Table 1

Bulk density and transit time of claysione,
well TT-1 and TT-2

Fuu depth IBulk density | Transit time | Porosity
it m (&fec) (ps/ft) (%)
TT-1 | 1250 | 381 1.84 195 62
1200 | 196 1.70 180 55
1350 | 411 1.87 183 S
1400 | 427 1.52 185 5
1450 | 442 1.77 180 55
1500 | 457 1.79 183 56
1700 | 518 1.76 A |
1750 | 533 1.95 63
1800 | 549 1.97 50
1850 | 564 1.97
1900 | 579 1.96
1950 | 594 1.99
2000 | 610 2.0
2050 | 625 1.09
2100 | 640 1.95
2150 | 655 1.77
2200 | a7l 1.58
2250 | 686 1.91
2300 | 701 1.48
2350 | 716 1.91
2400 | 732 1.85
2450 | 747 1.599
2500 | 762 1.95
2550 | 77 201
2600 | 792 2.01
2650 | BDB 2.04
2700 | B23 1.87
2750 | B3B 1.93
2800 | B53 195
3150 | 960 2.05
3200 | 975 2.14
3250 | 991 2.02
3300 1006 2.07
4350 021 2.10
3450 1052 1.20
3500 1067 1.90
3550 pOA2 193
3600 1097 225
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swctions in both well, However, as the lower lime-
Well depth | Bulk density | Transit time | Porosity| sione column in TT-1 is a conglomeratic limestone
ft m {gfec) {pas/ft) (%) | with clasts of granitic rocks, extrusives, limestones
and coarse grained smnd, it is possible that the effect
TT-1 | 3650{1113 2.14 176 X of compaction on its porosity {2 not really represented
[cont.) | 3700|1128 215 163 45 as in the nommal limestone sequence. Moreover, it
375001143 212 186 57 is very lkely that the porosity decrease in carbonate
3800|1158 | 200 165 47 sequences is not entirely the result of compaction.
IR50|1173 1.73 161 45 Precipitation of calcium carbonate in pores will also
3900|1189 1.86 163 46 effectively reduce the porosity. In the following poro-
395011204 2.15 164 46 sity-depth relationship for limestone, it is assumed
400011219 129 163 46 that compaction occurs simply because of dewate-
405011234 217 168 49 ring during burial. The data used are tabuolated in
4100 1250 2 169 49 Table 11 as follows :
41501265 .17 167 48
4200 {1280 2.4 141 36 Table O
4300 (1311 240 140 35 Porosity values of imestone, well T-1and TT-2
TT-2| 2350| 716 1.80 192 &0
2500] 762 1.50 180 55 Well depth Porosity
2550 777 | 1.74 164 47 ft m (%)
2600| T2 1.81 160 45
2650| 808 1.70 178 54 TT-1 2m50 | B&9 485
2750| 838 1.56 180 55 2950 | 899 410
5650 (1712 16.0
5700 (1737 155
Plots of bulk density { pB) against transit time $7150 (1752 140
(&°T) are presented in Fig. 2, and the relationship 5800 (1768 180
between pB and AT is obtained as : 5850 (1783 160
PRASEC TN T, U S pem— () gﬁ :;3: :g;
The bulk density is also related to the porosity as: o050 |1844 180
pB=pma(l-¢) + pF.¢ oo -(3) 6150 |1874 21.5
where, p ma ks the matrix density and pF is the den- :;'E :ggns :?_g
sity of the fluid. Combining equation (2) and (3), 6300 1920 1.0
and assigning the value for pma= 2.68 and p F = 6350|1935 16.5
1.1, gives the aquation : TT-2 1050 | 320 490
¢=000487 AT = 0329 ociceciecnsision (4) 1250 | 381 530
This equation is then used to calculate the porosity of 1300 | 396 550
caystoneshale as presented in the last column of 1350 | 411 45.0
Table 1. The porosity-depth curve for claystone- 1400 | 421 51.0
shale can then be constructed, and shown in Fig. 3, 1450 | 442 3.0
i s st
= (] I:'.'“- i R {5] 1600 428 9.0
Similar procedures have been carried out 1o 1650 | 503 46.0
construct the porosity-depth curve for limestone. 1700 | 518 440
The porosity values are taken from the limestone
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depth Porasity
e W I (%)
T2 1750 £33 36.0
(cont) | 1850 | 364 310
1900 579 130
1950 594 36.0
2000 | 610 36.0
2150 | 655 30.0
2200 671 37.0
2250 | 686 480
3000 917 17.0
3050 930 310
3100 945 220
3150 960 19.0
3200 975 21.0
1300 | 1006 26.0
33s0 | 1021 29.0

The porosity-depth curve obtained for limestone is

§ = 50 g-000072x

Following Sclater and Christie { 1980), deco
tion of each lithologic unit can then be accomplished
using the appropriate porosity-depth curve as can |
sen in Figs.5 and 6, except for basl sands. '."
ready mentioned, there are no reliable log data wh
can be used to produce porosity-depth ¢ T'
mnd/smndsione. Although the Eocene mand co in
both wells is not decompacted, ltwllnnth:f
subsidence history significantly as it is only a off
the initial fault-controlled subsidence. The th
subgdence calculation is carried out from the
Miocene carbonates as presented by Situmc
(1982).

WVariation in basement subsidence and sedi
thickness through time in TT-1 and TT-2 fs
in Figs. 7 and 8, before and after being co
fmihuﬂbﬂu:l’mpuﬁmhnnﬂn 353
urmnﬁhmihumdmhmﬁldhih !
dence values in Figs. 7 (b) and 8 (b) ie. =
loading, palec-water depth and the sea level changes,
However, it will not be discussed here as it is beyond

presented in Fig. 4, with equation : the scope of this paper.
TT-2
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Figure 8 Variation of basement subsidence st TT.2 : (A) Uncomrected, (B) m&m
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IV, CONCLUSIONS

From the foregoing discussions it can be con-
cluded that compaction ks undoubtedly an important
parameter in basin evalustion as it s closely related
with porosity decrease of the sediment. This relation-
ship enable us for instance, to estimate the maximum
burial depth of stratigraphic units, to calculate the
eroded thicknes of stratigraphic sections, and 1o esti-
mate the basement subsidence. The latter which is
the subject of this paper is shown for well TT-1 and
TT-2 in the South Makassar Basin.

It appears that in well TT-1 compaction alone can
reduce the thickness of the sediments as much as
up to 100 m in the Upper Miocene and 398 m in the

Lower Miocene (Fig. 7). Observation in well TT-2
shows that decrease in sediment thickness due to
compaction 5 187 m in the Middle Miocene and
199 m in the Lower Miocene (Fig, 8).

This evaluation has been carried oul without de-
compaction of baml mnds in both well. In terms of
stretching mechanism it will not change basement
subsidence-hence subsidence. history-significantly as
it s part of the initial foult-controlled subsidence.

It is suggesied that in order to have a betier un-
dersianding on, the effect of compaction in basement
subsidence, similar study as presented in this paper
should be performed for each type of lithologies in
each Indonedan Tertiary sedimentary basin,
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