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AbstrAct 

 

Limestone diagenetic records of Sentolo Formation have been studied in order to trace the history of the 
geological processes after the deposition of the rocks. A stratigraphic measure traverse was made in Hargorejo 
Village, Kulonprogo District, to identify the petrological characteristics of the Sentolo Formation. Limestone 
samples were taken along this traverse, and were used for a petrographic analysis. The analysis of thirty- 
eight limestone samples shows that the type is dominated by bioclastic grainstones which have been affected 
by various kinds of diagenetic processes after the deposition. The diagenetic processes recorded under the 
polarization microscope include cementation, replacement, bioturbation, micritization, recrystallization, 
dolomitization, compaction, fracturing, and leaching. 

Keywords: grainstone, cementation, bioturbation, micritization, compaction 
 

 
Sari 

 

Rekaman proses diagenesis batugamping pada batugamping dari Formasi Sentolo telah dipelajari guna 
mengetahui sejarah proses geologi pasca pengendapan batuan. Lintasan pengukuran stratigrafi telah dibuat 
di Desa Hargorejo, Kabupaten Kulonprogo, untuk menentukan ciri-ciri petrologi batuan penyusun Formasi 
Sentolo. Sejumlah percontoh batugamping telah diambil di sepanjang lintasan ini, dan dipakai untuk bahan 
pengujian petrografi di laboratorium. Analisis petrografi yang telah dilakukan terhadap tigapuluh delapan 
percontoh batugamping yang diambil dari lintasan itu memperlihatkan bahwa jenisnya didominasi oleh 
batugamping bioklastika grainstone. Batugamping tersebut telah terpengaruh oleh beragam proses diagenesis 
pasca pengendapan batuan. Rekaman proses diagenesis yang teramati di bawah mikroskop polarisasi 
meliputi: penyemenan, penggantian, bioturbasi, pemikritan, rekristalisasi, pendolomitan, pemampatan, 
peretakan, dan pelarutan. 

Kata kunci: grainstone, penyemenan, bioturbasi, pemikritan, pemampatan 
 
 

IntroductIon 

 
A petrographic limestone research generally in- 

cludes its megascopic and microscopic appearances 
completed by the description of its type, the amount 
of components, interpretation of depositional envi- 
ronment, and diagenetic process that have occurred 
(Bathurst, 1975; Scholle, 1978; Longman, 1980; 

Flugel, 1982; MacKenzie et al., 1984; Read, 1985; 
Tucker & Wright, 1990; James, 1991; Adams & 
MacKenzie, 1998; Ulmer-Scholle & Mosley, 2000; 
Railsback, 2002; and Gregg, 2005). Nevertheles, 
researches on limestone diagenetic records in In- 
donesia are still limited. Therefore, aspects of lime- 
stone petrography, especially aspects of diagenetic 
records, are interesting research topics. 
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The research of limestone diagenetic records 
aims at finding out the petrographic characters of 
limestone forming the Sentolo Formation related to 
the geological process that occured after the rock de- 
position. The research object is the Sentolo bioclastic 
limestone cropping out in Hargorejo Village, Kokap 
Subregency, Kulonprogo Regency, Special Province 
of Yogyakarta. The site, located about 4 km western of 
Wates Municipal, was chosen because in this traverse 
the limestone which is included to the Sentolo For- 
mation was well cropped out well (Maryanto, 2009). 

Method used in this study includes geological 
data collection at chosen traverse locations, and a 
limestone petrographic determination completed 
by an analysis of diagenetic records as well as test 
interpretation. A field activity was carried out by 
collecting geological data, especially limestone 
petrology at a traverse trending north-south in 
Hargorejo Village, Kulonprogo. The relatively fresh 
rock samples collected represent their stratigraphic 
position. The petrographic analysis that is the main 
laboratory work was carried out using a polarization 
microscope of Leica-DMRP equipped with a digital 
camera. The laboratory work includes laboratory tool 
preparation with its equipments, sample preparation, 
petrographic test, analysis, and interpretation using 
selected references. The analysis and petrographic 
test interpretation were initiated by determining the 
amount and type of the rock for its grouping followed 
by the identification of limestone diagenetic records. 

 

 
 

strAtIgrAphy 

 
Systematic geological mapping of the Yogya- 

karta sheet on scale 1:100.000 was carried out by 
the Geological Research and Development Centre, 
Bandung (Rahardjo et al., 1995; Figure 1). Strati- 
graphic sequence of the existing rocks respectively 
from the older one are fine-grained clastic sediments 
of the Nanggulan Formation having Eocene-Oligo- 
cene age, Oligo-Miocene pyroclastic rock of the 
Kebobutak Formation, Miocene andesitic and dacitic 
intrusive rocks, clastic sediments of the Jonggrangan 
Formation, Mio-Pliocene Sentolo Limestone, and 
Quaternary Alluvial Deposits. 

Regionally, the Sentolo Formation consisting 
of limestone and marly sandstone is widely spread 
out in the studied area. This formation comformably 

overlies and interfingers with the Miocene volcani- 
clastics and sediments of the Jonggrangan Formation 
and in turn is unconformably overlain by the alluvial 
deposits. It is generally known that limestone of the 
Sentolo Formation at Hargorejo Traverse consists of 
bedded bioclastic limestone with the total thickness 
of 180 m (Maryanto et al., 2008). Some marl and 
tuffaceous marl intercalations can still be found in 
this formation (Maryanto, 2009; Figure 2). 

The stratigraphic sequence of Sentolo Forma- 
tion in Hargorejo Village is initiated by bioclastic 
limestone beds existing as grainstone-packstone type 
with intercalations of marl and tuffaceous marl. This 
grainstone-packstone bed often dominates the lower 
part of limestone sequence of Sentolo Formation. The 
grainstone-packstone bioclastic limestone are well- 
bedded at the middle part of the formation showing 
various thickness (Figure 3). Some homogenous 
layers show sharp contacts. Sedimentary structures 
are indistict. On the contrary, terrigenous material 
content dominated by volcanic rock fragments and 
quartz grains are still widely found in the middle part 
of this formation, besides in the lower part which 
consists of terrigenous material. The upper part of 
the formation is dominated by grainstone-packstone 
bioclastic limestone with calcareous claystone and 
marl intercalations. The limestone sequence is di- 
rectly overlain by alluvial deposites. 
 

 
 

petrogrAphy 

 
The limestone petrographic analysis using Dun- 

ham classification (1962) shows that thirty-eight 
limestone samples of the Sentolo Formation col- 
lected from the studied traverse (Maryanto, 2009; 
Table 1) have similar textures. The analyzed rocks 
are dominantly grainstones, which are generally 
massive with grain orientation, fragmental bioclastic 
texture with moderately sorted, grain supported, 
closed fabric, and medium- to very coarse-grained, 
sub-angular to sub-rounded in shape. 

To group carbonate grain component, besides 
using Dunham (1962) classification, Folk (1962) 
limestone component classification was also used. 
The carbonate grain component is dominated by 
fossil fragments and small amounts of intraclast 
and pellet. The fossil components or bioclastics 
are generally larger foraminifera fossils (Figure 4), 



 

Jogoresan 
 

Plempukan
Gedangan 

Kosokan  Kidul 
 

 
Krag

Teon  Tmps 

 
Kenteng 

 
Kepundung 

 
Tomk 

Nanggulan 

 
Qa 

 
 
 
 
tan 
 

 
 

Tawang 

 
 

Banaran 

 

Tomk

89
L

im
estone D

iagenetic
R

ecords
B

ased
on P

etrographic
D

ata
of S

entolo F
orm

ation at H
argorejo T

raverse, K
okap, K

ulonprogo (S
. M

aryanto) 

11
00 

 00
’ E

 
11

00 
 00

’ E
 

11
00 

 13
’ E

 
11

00 
 13

’ E
 

 
070  40’ S  

 
Qa 

Semawung 

 
 

A 
Gunungbutak A 

 

 
Tomk 

 
Kalilo 

 
 
Jonggrangan 

 
070  40’ S 

 
N 

 
Kemanukan 

 
G. PAJUTELU 

Piji 

 

 
 
Tomk 

 
 

G. SALAM 

Gandon 

 
 
 
Tomk 

 

 
 
 
 

Tmj 

G. GEPAK
 

 
Tmj 

 
 
 
 
Sedayong 

 

 
 
 
 
Talunombo 

 
0 4 Km 

 
 
EXPLANATION: 

 
 

Gondang 

 
 
 
 
 
 
 
 
 
Bagelen 

 
 

Kebokuning Kembang 

 
 
Clapar 

 
 

Sokoagung 

 
 
 

DHaargorejo 

A  G. KEMLAHAN 

 
 
 
 
 
 
 

A 

 

 
 
 
 
 
 
Crangah 

 
 
 
 
 
 
 
 
 

 
Teon 

 
 
 
Tmj 
 

 
 

Tmj 

 
 
 
 
 
Pantaran 

 

 
 
 
 
 
 
 
Tomk 

 
 
 
 

Parakan  We 

 
 
 
 
 
Tmps 

Qa 
 
Tmps 

Tmj 

Da 

A 

Tomk 

Teon 

Alluvial Deposits 
 
Sentolo Formation 

Jonggrangan Formation 

Dacite Intrusion 

Andesite Intrusion 

Kebobutak Formation 

Nanggulan Formation 

Location of Stratigraphic Section 

 
 

Purwadadi 

 
 
 

Joho 

 
 
 
 
 
 
Tomk 

Da 
 

 
 

Sumurejo 

 

 
G. BUTAK 

 
 

G. KUKUSAN 

G. TELU 

 
 
 
Teon 

 
 
 
 
 
Kokap 

 

 
Klepu 

Teon 

 
 

G. AGUNG 

 
 
 
 
Tmps 

 
 
 
 
 
 
Gebongan 

 
 
Paingan 
 

 
 
 

Pengasih 

 
Tmps 

 
A  

G. ROTO 

 

Qa  
G. BODAG 

Tapen 

 
 
 
G. KAMAL  G. WATUAGLIK 

 
G. JERUK 

 
 
Tmps 

 
 
WATES 

 
Kembang 

 
Qa 

 
Tmps 

Keponggok Pripih 

 
Karangsari 

Tomk 

 
Kebonrejo 

 
 
Girigondo 

 
Bletok 

 
Ngulilakan  

Selakarang 

Gadingan  
Bledung 

 
 
 
Milir 

 
 
Kalimenur 

 
INDEX MAP OF JAVA 

 
 
 

on 

 

 
Temon  

Jombokan 

 

 
Qa 

 
 
 
Sogan 

 
 
 
Toyan 

 
 

Gotakan 

 
Bendungan Krembangan 

Qa 

 
PETA INDEKS 

Gejayan 

 
07

0  
54’ S 070  54’ S 

 
Figure 1. Geological map of Kulonprogo area (Rahardjo et al., 1995) and Hargorejo traverse (Maryanto et al., 2008). 
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ROCK DESCRIPTION 
 
 

30 

 
CL   FS 

 
CS     PB      BO 

180 

 
 

75/12 

 
SM26K 

SM26J 

SM26I 

SM26H 

SM26G 

SM26F 

SM26E 
SM26D 

SM26C 

ST    MS    GR    CO  
Bioclastic grainstone, yellowish grey, dense, thick bedded-massive,  coarse- 
grained, 60-120 cm thick. 
 
Bioclastic grainstone, light yellowish grey, dense, thick bedded-massive, 
medium-grained,  with several terrigenous materials, 
40 - 120 tcm thick. 

Bioclastic grainstone, light brownish grey, dense, thick bedded-massive, 
coarse-grained,  40-100 cm thick, with several packstone- 
wackestone intercalations. 

SM26B 

SM26A 

 
Bioclastic packstone, light brownish grey, dense, thick bedded-massive, 
medium-grained,  40-100 cm thick. 

 
 

135 
 
SM27 

 
Bioclastic packstone, light grey, dense, thick bedded-massive,  medium- 
grained, with terrigenous materials, 60-140 cm thick. 

 

 
 

 
92/12 

SM28B 

 
SM28A 

Bioclastic grainstone-packstone, light grey, dense, thick bedded-massive, 
coarse-medium  grained, with several terrigenous materials, 
20-150 cm thick. 

 
 
 
 

110/8 

 
90 

 
 
SM29E 

SM29D 

 
SM29C 
SM29B 

 
SM29A 

Bioclastic grainstone, yellowish light grey, dense, thick bedded-massive, 
poorly sorted, coarse-grained,  fossiliferous, 150 cm thick. 

 
Bioclastic grainstone, yellowish light grey, dense, thick bedded-massive, 
medium-grained,  with several fragments of algal boundstone, 
50-250 cm thick. 

 
SM30A 
SM30B 
SM30C 
SM30D 

 
SM30E 

 
 
Bioclastic grainstone-packstone, yellowish light grey, dense, 
thick bedded-massive,  medium-grained,  poorly sorted, 40-120 cm thick. 

SM30F 
 

SM30G 
SM30H 
SM30I 
SM30J 
SM30K 

 
 

Bioclastic grainstone, yellowish-brownish light grey, dense, 
    massive, medium-grained,  poorly sorted, 200-300 cm thick. 

 
 

70/20 

45 

SM31D 

SM31C 
SM31B 
SM31A 

Bioclastic grainstone and sometimes packstone, yellowish light 
grey, dense, thick bedded-massive,  coarse to medium-grained,  poorly sorted, 
with terrigenous materials, 40-200 cm thick. 
 
Tuffaceous marl, brownish light grey, dense, massive, 
more than 250 cm thick. 

 
SM32G 

 
150/32 SM32F 

 

 
Bioclastic grainstone-packstone, yellowish-brownish light grey, 
dense, thick bedded-massive,  very coarse to medium-grained,  poorly sorted, 
with terrigenous materials, 20-300 cm thick. 

 
SM32E 

 
 

130/22 

 
0 

SM32D 

 
SM32C 

SM32B 

SM32A 

 
 
 
 
CL    FS 

 
 
 
 
CS    PB     BO 

 
Bioclastic grainstone-packstone, yellowish light grey, dense, 
thick bedded-massive,  very coarse to medium-grained,  poorly sorted, 
with terrigenous materials, 20-50 cm thick, with 
wackestone and marl intercalations. 

ST    MS    GR    CO 

 
Figure 2. Stratigraphic column of the Sentolo Formation at Hargorejo traverse, Kokap, Kulonprogo  (Maryanto, 2009). 
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a  b 
 
 
 
 
 
 
 
 
 
 
 
 
 

c  d 
 
 
 
 
 
 
 
 
 
 
 
 
 

e  f 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Views of several limestone outcrops of the Sentolo Formation at Hargorejo section, Kokap, Kulonprogo, showing 
a. erosional base; b. gravely coarse sand size; c. relatively uniform bedded; d. moderately sorted; e. platy bedding; and f. 
irregularly vuggy pores (Maryanto, 2009). 

 
 
mollusks (Figure 5), and red algae (Figure 6). Other 
fossils were indicated in limited amount including 
bryozoa, coral, echinoderms, and brachiopod. The 
limestone sometimes still consists of terrigenous 
material (Figure 7) dominated by andesitic volcanic 
rock fragments that had altered, less of argillaceous 
sedimentary rock, quartz, feldspar, glauconite, 
opaque mineral including ore, and mafic miner- 
als. Petrographically, the limestone is in general 

carbonate mud matrix and clay mineral free. Rock 
cements are calcite orthosparite and some other 
additional cement like iron oxides, quartz silica, 
and authigenic clay. Secondary minerals consisting 
of pseudosparite, micritized clay, and dolomite are 
rarely present. Rock porosity is rarely preserved, in 
general it has remains of interparticle and vug types. 
Limestone microfacies interpretation at this traverse 
(Maryanto, 2009) is winnowed platform edge sands 



 

code Bi In Pe Te Or Ox Si Ac

08SM26K 54.0 4.0 3.0 3.0 0.0 19.0 2.0 0.0 1.0

08SM26J 49.0 9.0 2.0 12.0 0.0 14.0 3.0 0.0 2.0

08SM26I 55.0 3.0 1.0 3.0 0.0 18.0 3.0 0.0 1.0

08SM26H 57.0 5.0 3.0 8.0 0.0 14.0 3.0 0.0 0.0

08SM26G 55.0 4.0 7.0 5.0 0.0 19.0 2.0 0.0 0.0

08SM26F 49.0 3.0 0.0 4.0 0.0 26.0 3.0 1.0 1.0

08SM26E 55.0 3.0 1.0 4.0 0.0 23.0 3.0 0.0 1.0

08SM26D 38.0 16.0 2.0 10.0 0.0 24.0 2.0 1.0 0.0

08SM26C 54.0 4.0 3.0 5.0 0.0 15.0 2.0 0.0 2.0

08SM26B 41.0 10.0 0.0 14.0 0.0 30.0 1.0 0.0 2.0

08SM27 50.0 4.0 1.0 7.0 0.0 19.0 2.0 0.0 1.0

08SM28B 46.0 9.0 2.0 9.0 0.0 19.0 3.0 0.0 1.0

08SM28A 55.0 7.0 0.0 10.0 0.0 17.0 1.0 0.0 1.0

08SM29E 47.0 7.0 3.0 6.0 0.0 20.0 5.0 0.0 0.0

08SM29D 44.0 6.0 2.0 13.0 0.0 20.0 3.5 0.0 2.0

08SM29B 56.0 2.0 0.0 8.0 0.0 22.0 2.0 0.0 0.0

08SM30A 61.0 4.0 1.0 1.0 0.0 22.0 1.0 0.0 0.0

08SM30B 49.0 3.0 1.0 3.0 0.0 30.0 2.0 0.0 2.0

08SM30C 50.0 4.0 3.0 7.0 0.0 18.0 2.0 0.0 3.0

08SM30D 60.0 6.0 2.0 0.0 0.0 20.0 1.0 0.0 0.0

08SM30E 59.0 6.0 1.0 3.0 0.0 18.0 1.0 0.0 0.0

08SM30F 49.0 3.0 2.0 8.0 0.0 18.0 2.0 0.0 0.0

08SM30G 49.0 6.0 4.0 8.0 0.0 17.0 2.0 0.0 1.0

08SM30H 51.0 4.0 1.0 5.0 0.0 24.0 3.0 0.0 0.0

08SM30I 52.0 7.0 1.5 4.5 0.0 24.0 2.0 0.0 0.0

08SM30J 42.0 8.0 1.0 10.0 0.0 27.0 3.0 0.0 0.0

08SM30K 50.0 6.0 2.0 8.0 0.0 22.0 2.0 0.0 0.0

08SM31D 44.0 4.0 1.0 14.0 0.0 28.0 2.0 0.0 0.0

08SM31C 49.0 3.0 1.0 4.0 0.0 33.0 2.0 0.0 1.0

08SM31B 40.0 9.0 0.0 9.0 0.0 24.0 4.0 0.0 2.0

08SM31A 53.0 1.0 1.0 4.0 0.0 27.0 2.0 0.0 1.0

08SM32G 44.0 3.0 1.0 15.0 0.0 27.0 3.0 0.0 0.0

08SM32F 48.0 12.0 0.0 5.0 0.0 22.0 3.0 0.0 1.0

08SM32E 48.0 6.0 0.0 8.0 0.0 24.0 2.0 0.0 1.0

08SM32D 39.0 12.0 0.0 23.0 0.0 17.0 2.0 0.0 3.0

08SM32C 32.0 12.0 0.0 27.0 0.0 18.0 3.0 0.0 4.0

08SM32B 41.0 10.0 0.0 23.0 0.0 16.0 3.0 1.0 2.0

08SM32A 33.0 6.0 1.0 30.0 0.0 18.0 4.0 0.0 2.0
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Table 1. Petrographic Test Result of Limestone Samples from Sentolo Formation at Hargorejo Traverse, Kokap, Kulonprogo 
(Maryanto, 2009) 

 

No. 
Sample 

Carbonate Grains Cement 
Matrix Re Lm Do Po 

 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

2.0 6.0 0.0 6.0 

0.0 2.0 0.0 7.0 

2.0 2.0 0.0 12.0 

2.0 2.0 0.0 6.0 

1.0 1.0 0.0 6.0 

1.0 3.0 0.0 9.0 

0.0 1.0 0.0 9.0 

3.0 0.0 0.0 4.0 

4.0 3.0 0.0 8.0 

0.0 0.0 0.0 2.0 

9.0 2.0 0.0 4.0 

3.0 2.0 1.0 5.0 

0.0 2.0 0.0 7.0 

2.0 4.0 0.0 6.0 

4.0 2.0 0.0 3.5 

4.0 1.0 0.0 5.0 

3.0 1.0 0.0 6.0 

4.0 2.0 0.0 4.0 

6.0 2.0 0.0 5.0 

4.0 1.0 0.0 6.0 

4.0 2.0 0.0 6.0 

0.0 3.0 2.0 5.0 

2.0 2.0 0.0 8.0 

2.0 4.0 0.0 6.0 

2.0 3.0 0.0 4.0 

1.0 5.0 0.0 3.0 

2.0 1.0 0.0 7.0 

4.0 1.0 0.0 2.0 

2.0 1.0 0.0 4.0 

0.0 3.0 0.0 9.0 

2.0 1.0 0.0 8.0 

2.0 2.0 0.0 3.0 

2.0 2.0 0.0 5.0 

2.0 3.0 0.0 6.0 

0.0 1.0 0.0 3.0 

0.0 2.0 0.0 2.0 

0.0 2.0 0.0 2.0 

2.0 2.0 0.0 2.0 
 

Bi : bioturbation Pe : pollet Or : orthosparite Si : quartz silica 
Do : dolomitization    Re : recrystalization   In : intraclast Te : terigeneous mat. 
Ox : iron oxides Ac : authigenic clay   Lm : micritized mud  Po : porosity 
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Figure 4. Photomicrograph of bioclastic grainstone with 
several bioclastics of foraminifera (for), as well as terrigenous 
materials (ter) and mollusks (mol). Sample SM30B, with 
cross-nicol and carbonate staining. 

Figure 6. Photomicrograph ofioclastic grainstone showing 
several bioclastic components as red algae (ral), foraminifera 
(for), bryozoans (bry), mollusks (mol), and intraclasts (int). 
Sample SM26F, with parallel-nicol and without carbonate 
staining. 

 
 
 

ter ter 
 

 
mol 

mol  
ter 

 
 
mol 

 
mol 

 

 
ter 

 
ter 

 
 
 
ter ter 

ter 

 
 
 

08SM31A 

int 
 

|-----------------|1  mm 

 
ter 
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Figure 5. Photomicrograph ofioclastic grainstone showing 
several grain components of mollusks (mol) and terigenous 
materials (ter). Sample SM31A, with cross-nicol and 
carbonate staining. 

 
Figure 7. Photomicrograph ofioclastic grainstone appearing a 
lot of terrigenous materials (ter) and mollusks (mol). Sample 
SM31D, with cross-nicol and carbonate staining. 

 
which was notified by Smf-11 Fz-6 (Flugel, 1982; 
Wilson, 1975). 

 

 
 

dIAgenetIc  process records 

 
Petrographic test result shows some preserved 

diagenetic process records on the limestone of Sen- 
tolo Formation at Hargorejo Traverse which include 
cementation, replacement, bioturbation, micritiza- 
tion, recrystallization, dolomitization, compaction, 
fracturing, and dissolution. 

Cementation 
The main and greater part of limestone diage- 

netic records of the Sentolo Formation at Hargorejo 
Traverse is cementation. Cementing material is 
always present in the rock in a large amount and 
various types. The main cement is carbonate cement 
originated from marine environment, followed by 
carbonate cement from meteoric phreatic environ- 
ment, and very rare non-carbonate cement from 
meteoric vadose environment. 

Carbonate cement from marine environment 
is concentrated around pore margins, both inside 
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and among grains, with radial isopachous crystal 
structure (Figure 8). This kind of cement is preserved 
limitedly in some samples because it mainly is 
presumed to have been damaged or replaced by 
the next phase carbonate cement originated from 
meteoric phreatic environment. 
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Figure 9. Photomicrograph of bioclastic grainstone indicating
several dissolute fossils infilled by blocky drussy mosaic

 
for     anhedral (blo-s) from meteoric phreatic environment. This

sample also shows several fossils of foraminifera (for),

  bry  rf mollusks (mol), and bryozoa (bry). Sample SM30I, with

     cross nicol and without carbonate staining. 

08SM32C |-----------------|1 mm  
Replacement 

Figure 8. Photomicrograph of bioclastic grainstone showing 
infilled interparticle porosities, formerly by very fine 
isopacous cement (isp-c) from marine environment, followed 
by blocky drussy mosaic anhedral cement (blo-c) from 
meteoric phreatic environment. Several grains of mollusks 
(mol), foraminifera (for), bryozoans (bry), and volcanic rock 
fragment (rf) appear in this sample. Sample SM32C, with 
cross nicol and without carbonate staining. 

Replacement process records also took place in 
some fossils, especially mollusks, which were re- 
placed by meteoric phreatic calcite crystals (Figure 
9). The grain replacement produced pseudosparite 
having mosaic anhedral crystals which in general hav- 
ing medium crystal size reaching 0.8 mm (Figure 10). 
The replacement process records, especially fossil 

 
Carbonate cement from meteoric phreatic is the 

main cement in limestone at the studied traverse. 
This cement has in general of blocky drussy mo- 
saic anhedral structure with very fine to medium 
crystal size (Figures 8 & 9). Almost the whole 
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pores of interparticle and intraparticle had been 
filled with the cement from this meteoric phreatic 
environment. 

The existing non-carbonate cement from me- 
teoric phreatic environment of post-carbonate 
cementing is anhedral granular mosaic of very fine 
quartz crystal found in very limited amount. Non- 
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carbonate cement originated from meteoric vadose 
environment is present as authigenic clay minerals 

08SM30H |-----------------|1 mm 

and iron oxides. Clay minerals are concentrated as 
fractures and joints filler in the rocks. The limited 
iron oxide cement with irregular form and scatterring 
also fill the pores and fractures of the rocks forming 
iron oxides veinlets. 

Figure 10. Photomicrograph of   well cemented bioclastic 
grainstone points out several grains of foraminifera (for), 
bryozoa (bry), red algae (ral), intraclast (int), qurtz (qz), 
and ghost structure of mollusks (mol upper part) due to 
replacement. Sample SM30H, with cross nicol and without 
carbonate staining. 
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replacement, always take place in all rocks although 
the material is in limited amount. Some fossils can no 
longer be identified due to this replacement, although 
some fossil individuals can be observed from the grain 
margins, which are presumed to be mollusks. 
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Bioturbation 

The bioturbation appearance, especially the 
trace of organism burrowing (Choquette & Pray, 
1970) is observed only at some rock samples in 
very limited amount. Pores of these bioturba- 
tion traces generally have size less than 1 mm 
and irregularly spread on the rocks. The pores of 
bioturbation traces had in general been infilled by 
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fine to medium size orthosparite carbonate cement 
having blocky drussy mosaic anhedral structure 
from meteoric phreatic environment (Figure 11). In 
this case, bioturbation processes forming the pores 
were immediately followed by the process of pore 
filling or cementation. 

 

 
int 

Figure 12. Photomicrograph of several micritized bryozoa 
fragments (bry) at grainstone and the other grains of 
foraminifera (for), mollusks (mol), and intraclast (int). 
Sample SM32F, with parallel nicol and without carbonate 
staining. 
 

 
 
fossil margin of (Figure 6), red algae, mollusks, and 
larger foraminifera. 
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Recrystallization 

Recrystallization processes are recorded on some 
carbonate grains although the number is limited. Pseu- 
dosparite observed as the result of the recrystalliza- 
tion of carbonate grain component, especially fossil 
grains (Figure 13), so that the type of the fossils can 
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Figure 11. Photomicrograph of  bioclastic packstone 
displaying several mollusks (mol), foraminifera (for), 
bryozoans (bry), intraclasts (int), and bioturbation pores 
infilled by blocky drussy mosaic anhedral cement (blo-c) 
from meteoric phreatic environment. Sample SM26K, with 
cross nicol and without carbonate staining. 
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Micritization 
Records of micritization processes were only 

observed on some rock samples in a small amount. 

neo 
08SM30A 

 
|-----------------|1 mm 

Carbonate mud as the result of the micritization 
usually is concentrated at the edge of carbonate 
grains which by some researcher were called as 
micrite envelops (Figure 12) like at the bryozoa 

Figure 13. Photomicrograph of grainstone pointing out 
several grains of intraclast (int), mollusks (mol), and 
unidentified fossil fragments at grainstone due to replacement 
(neo). Sample SM30A, with cross nicol and with carbonate 
staining. 
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no longer be identified. The existing fossil appearance 
can only be identified from the initial grains as a ghost 
structure. Sometimes, the boundary between the initial 
grains and the carbonate cement is no longer clear or 
diffused due to this recrystallization process. 

 
Dolomitization 

Dolomitization randomly took place on some 
rock samples of the Sentolo Formation, both on 
grains and carbonate cement. Dolomite is present in 
a limited amount, nonferrous with fine crystal size 
conforms to the initial material, and having mosaic 
granular structure. 

 
Compaction 

Rock compaction processes were clearly ob- 
served on some rocks marked by the grain shapes 
which are long, concave-convex, and sutured (Fig- 

cutting grains and other materials. Rock fracturing 
nowadays often takes place as plant activities on the 
surface. Some of the fractures remain empty leaving 
the type of fracture porosity. Some of the fractures 
had been infilled by carbonate cement from meteoric 
environment with blocky mosaic granular having 
medium crystal size (Figure 15). 
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amplitude stylolite features. On some rocks, the 
compaction processes were not clearly observed 

 

08SM32D 
 

vein  |-----------------|1 mm 

because they were preceeded by somewhat intensive 
cementation processes. 

Figure 15. Photomicrograph of rock fracture finally infilled 
by blocky mosaic anhedral calcite from meteoric phreatic 
environment (vein). It also points out intraclast (int), 
foraminifera (for), mollusks (mol), and red algae (ral). 
Sample SM32D, with parallel nicol and without carbonate 

ral int staining. 
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Dissolution 
Limestone dissolution processes can take place 

on various diagenetic environments, although 
in general they take place on meteoric vadose 
environment. Dissolution process records can be 
found in some rock samples, although they have 
low intensity. Dissolution processes was not fabric 
selective, they randomly took place on limestone 

08SM29A |-----------------|1 mm 
components, both of grains and cement materials. 
The results of the dissolution process are vuggy 

Figure 14. Photomicrograph of long (l-c), concave-convex 
(cc-c), and sutured (s-c) grain contacts at grainstone due to 
compaction and pressure-solution. It also shows intraclast 
(int), foraminifera (for), mollusks (mol), red algae (ral), and 
echinoderms (ech). Sample SM29A, with parallel nicol and 
without carbonate staining. 

 
 

Fracturing 
Joints and fractures are present in some lime- 

stone samples. Shear joint is present as hairy joints 

type secondary porosity which is the development 
of interparticle primary porosity type (Figure 9). 
The porosity size found is in general fine and it 
has not connected to each other to form channel 
porosity type. 

Some pores as dissolution results have been 
infilled by orthosparite in meteoric environment, 
mixed with iron oxides, authigenic clay minerals, 
and secondary quartz. Vadose environment and the 
process has been happening up to now. 



 

Limestone Diagenetic Records Based on Petrographic Data 97 
of Sentolo Formation at Hargorejo Traverse, Kokap, Kulonprogo (S. Maryanto) 

 
dIscussIon 

 
Diagenetic processes affecting limestone of the 

Sentolo Formation took place immediately after its 
initial deposition and during and after its appearance 
at the surface now. One diagenetic process took 
places coincidently to another one or it followed the 
other one (Figure 16). In that case, of course there 
are correlations among those processes. Petrographic 
test result shows there is a similarity in limestone 
texture deposited in winnowed platform edge sands 
facies (Smf-11 Fz-6; Maryanto, 2009). The rise and 
fall of the tides after the deposition of the rocks made 
the cementation process take place well (Braithwaite 
et al., 2000). This marine cementation process was 
followed by cementation process in marine burial 
environment (marine burial diagenesis; Melim et al., 
2001; Ramadan et al., 2004). Nevertheless, both car- 
bonate cements from these diagenetic environments 
had been damaged and replaced by neomorphism 
and cementation processes in meteoric phreatic 
environment where the rock was cropped out. 

Replacing processes took place on some fossils, 
especially mollusks after the rock deposition and 
the rock was overlain by another layer at the next 
deposition. This process is without a dissolution 

phase in terms of aragonite crystal forming mollusk 
shell was suddenly replaced by calcite crystal. This 
process still leaves a structure on the mollusk fossils. 
Fossil replacement continued to recrystallization 
process in some fossils. The identification of this 
process is the damage of fossil internal structure and 
fossil boundary had unseparated unified with blocky 
mosaic cement. Limestone recrystallization in the 
Sentolo Formation affects the whole components 
or known as non selected fabric recrystallization 
(Moore, 1997). The replacement process was also 
followed by a little dolomitization process. The ir- 
regular characteristic of fine non-ferrous non-planar 
dolomite crystal is indicative of the moderately 
burial diagenesis phase (Yoo et al., 2000) until shal- 
low burial diagenesis (Smith & Simo, 1997). 

Organism burrowing process is apparently pre- 
served only on some samples in a small amount. The 
process took place immediately after the rocks were 
overlain by another layer in the next deposition as 
the result of marine organism activities. Bioturba- 
tion is tightly related to micritization process of 
some fossils. In this case, the fossil micritization 
can also happen at the end of the diagenetic process 
at the time of the rock crops out, or it can be called 
as dissolution or near-surface weathering (Smith & 
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Figure 16. Diagenetic processes history in relation with relatively time of the limestone samples from Sentolo Formation. 
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Simo, 1997). Micritization in some fossil fragments 
is preserved more intensively, and it was initiated 
by a rock dissolution process. 

The abovementioned burial diagenetic phase also 
caused rock compaction. Although regionally no rock 
formation was found overlying the Sentolo Forma- 
tion, post deposition burial by the formation would 
cause the compaction process to happen well. The 
compaction process would soon end at the time of the 
rock crops out. Although the record is vague, jointing 
process as the result of tectonic followed by the for- 
mation uplifting, was still observed on some samples. 
Authigenic clay minerals were present in some rock 
samples infilling fractures caused by overburden 
(Tucker & Wright, 1990). Sometimes clay minerals 
are present as cementing material concentrated in 
dissolution pores immediately followed by secondary 
quartz and iron oxides in meteoric vadose environ- 
ment at the diagenetic phase of rock cropping out. 

The end result of the dissolution process after 
uplifting at meteoric vadose zone at the diagenetic 
phase of rock cropping out is the forming the vuggy 
type porosity (Moore, 1997). Diagenetic processes 
undergone within the Sentolo Formation caused 
the rock pores to develop in concommittance with 
the sequence of the diagenetic processes. The rock 
pores were initiated by the number of interparticle 
pore type. This is identified by the small amount of 
carbonate cement from marine environment as well 
as from burial environment. The interparticle pore 
type is very dominant along with some pore types 
of intraparticle, fenestral, and shelter. The type of 
mouldic and vuggy types took place afterwards 
along with fracture pore type from shear joint due to 
tectonics. The last porosity type had been recovered 
by meteoric phreatic and meteoric vadose cements 
which also took place at the diagenetic phase of rock 
cropping out. 

 

 
 

conclusIons 

 
Petrographic analysis carried out towards thirty- 

eight limestone samples at Hargorejo Traverse, 
Kokap, Kulonprogo, shows a similar texture, namely 
grainstone. The prominent similarity is that the exist- 
ing carbonate grains have well been sorted, abraded, 
and leached showing similar microfacies, that is 
winnowed platform edge sands facies (Smf-11 Fz- 

6). The diagenetic process records preserved on that 
rock include cementation, replacement, bioturbation, 
micritization, recrystallization, dolomitization, com- 
paction, fracturing, and dissolution. 

Cement from marine and burial environments 
generally had damaged and replaced by the cement 
from meteoric phreatic environment. Replacement 
of some fossils by meteoric phreatic calcite crystals 
causes the fossils no longer could be identified. Trace 
of organism burrowing formed pores which was 
immediately followed by pores filling process or ce- 
mentation. Carbonate mud as the result of micritiza- 
tion is in general concentrated at the carbonate grain 
margins forming micrite envelops. The presence of 
dolomite is limited and non-ferrous with fine crystal 
size conformed to the original material. Compaction 
on some rocks is marked by long, concave-convex, 
and sutured grain contacts. Some joints and fractures 
are infilled by carbonate cement having blocky 
mosaic granular in medium size. Dissolution took 
place in various diagenetic environments, although 
generally in meteoric vadose environment at the rock 
cropping out diagenesis phase. 
 
 
Acknowledgement---Sincere thanks are addressed to 
Heriyanto and Herwin Syah as the laboratory technicians for 
taking thin section photographs and picture digitations on the 
continuous activity of material collecting for the laboratory 
reference in year 2008. 
 
 

references 

 
Adams A.E. and MacKenzie, W.S., 1998. A Color Atlas of 

Carbonate Sediments and Rocks Under the Microscope. 
John Wiley & Sons, New York, Toronto, 180pp. 

Bathurst, R.G.C., 1975. Carbonate Sediments and Their 
Diagenesis, Second Enlarged Edition. Elsevier Scientific 
Publishing Company, New York, Amsterdam, Oxford, 
658pp. 

Braithwaite, C.J.R., Taylor, J.D., and Glover, E.A., 2000. 
Marine Carbonate Cements, Biofilms, Biomineralization, 
and Skeletogenesis: Some Bivalves Do It All. Journal of 
Sedimentary Research,70 (5), p.1129-1138. 

Choquette, P.W. and Pray, L.W., 1970. Geological Nomen- 
clature and Classification of Porosity in Sedimentary 
Carbonates. American Association of Petroleum Geolo- 
gists Bulletin, 54, p.207-50. 

Dunham, R.J., 1962. Classification of Carbonate Rocks Ac- 
cording to Depositional Texture. In: Ham, W.E. (ed.), 
Classification of Carbonate Rocks. American Association 
of Petroleum Geologist Memoir, 1, p.108-121. 



 

Limestone Diagenetic Records Based on Petrographic Data 99 
of Sentolo Formation at Hargorejo Traverse, Kokap, Kulonprogo (S. Maryanto) 

 
Flugel, E., 1982. Microfacies Analysis of Limestones. Springer- 

Verlag Inc., Berlin, Heidelberg, New York, 633pp. 
Folk, R.L., 1962. Spectral Subdivisions of Limestone Types. 

In: Ham, W.E. (ed.), Classification of Carbonate Rocks. 
American Association of Petroleum Geologist Memoir, 

1, p.62-85. 
Gregg, J.M., 2005. Photographic Gallery of Carbonate Pe- 

trology. http://web.umr.edu/~greggjay/Carbonate_Page/ 
photogal.html (27/02/2006). 

James, N.P., 1991. Diagenesis of Carbonate Sediments, Notes 
to Accompany a Short Course. Geological Society of 
Australia, 101pp. 

Longman, M.W., 1980. Carbonate Diagenetic Textures from 
Nearsurface Diagenetic Environments. American Asso- 
ciation of Petroleum Geologists, Bulletin, 64, p.461-487. 

MacKenzie, W.S., Donaldson, C.H., and Guilford, C., 1984. 
Atlas of Sedimentary Rocks and Their Textures. Longman 
Scientific and Technical, Essex. 

Maryanto, S., 2009. Mikrofasies Batugamping Formasi 
Sentolo di Lintasan Hargorejo, Kokap, Kulonprogo. 
Proceedings of The 38th IAGI Annual Convention and 
Exhibition. Semarang 13-14 October 2009. 

Melim, L.A., Swart, P.K., and Maliva, R.G., 2001. Meteoric 
and Marine-Burian Diagenesis in the Subsurface of Great 
Bahama Bank. SEPM Special Publication, 70, p.137-161. 

Moore, C.H., 1997. Carbonate Diagenesis and Porosity. 
Developments in Sedimentology 46. Elsevier Science 

B.V., 338pp. 
Rahardjo, W., Sukandarrumidi, and Rosidi, H.M.D., 1995. 

Geological Map of the Yogyakarta Sheet, scale 1 : 
100.000. Geological Research and Depelopment Centre 

Bandung. 

Railsback, L.B., 2002. An Atlas of Pressure Dissolution 
Features. http://www.gly.uga.edu/railsback/PDFindex1. 
html (20/02/2006). 

Ramadan, K.A.Al., Hussain, M., Imam, B., and Saner, S., 
2004. Lithologic Characteristics and Diagenesis of the 
Devonian Jauf Sandstone at Ghawar Field, Eastern Saudi 
Arabia. Marine and Petroleum Geology, 21, p.1221-1234 

Read, J.F., 1985. Carbonate Platform Facies Models. Ameri- 
can Association of Petroleum Geologists, Bulletin, 69, 
p.1-21. 

Scholle, P.A., 1978. A Color Illustrated Guide to Carbonate 
Rock Constituents, Textures, Cements, and Porosities. 
American Association of Petroleum Geologist Memoir, 
27, Tulsa, 241pp. 

Smith, G.L. and Simo, J.A., 1997. Carbonate Diagenesis 
and Dolomitization of the Lower Ordovician Prairie Du 
Chien Group. Geoscience Wisconsin, 16, p.1-16. 

Tucker, M.E. and Wright, V.P., 1990. Carbonate Sedimentol- 
ogy. Blackwell Scientific Publications, Oxford, London, 
Edinburg, Cambridge, 482pp. 

Ulmer-Scholle and Mosley, 2000. Sedimentary Petrography. 
Geology 424/524.http://www.ees.nmt.edu/Geol/classes/ 
geol524/homepage.html (20/02/2006). 

Wilson, J.L. 1975. Carbonate Facies in Geologic History. 
Springer-Verlag, New York, Heidelberg, Berlin, 471pp. 

Yoo, C.M., Gregg, J.M., and Shelton, K.L., 2000. Dolo- 
mitization and Dolomite Neomorphism: Trenton and 
Black River Limestones (Middle Ordoviciaan) Northern 
Indiana, USA. Journal of Sedimentary Research, 70 (1), 
p.265-274. 


