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1. Introduction

Java Island, Indonesia is a part of the circum-Sunda are which is
very similar in tectonics to the Japanese arc, a part of the circum-
Pacific one. The idea of the island arc structure was originally developed
in this region by the many pioneering worke in gravimetry, magnetism,
seismicity, voleanism and geology. The literatures of earth sciences of
Java are too numerous to mention by name. Today we can readily
refer to the summarized book “The geology of Indonesia” by R. W. van
Bemmelen (1949), to which the authors owe their knowledge of Indonesian
volcanisms and geology.

The gravity measurements at sea were started by Vening Meinesz
(1932 and 1934) in 1923 and were made at 281 stations in the world by
1930. The first and most important results of the surveys were obtained
along the Indonesian Archipelagoes. A part of the results is reproduced
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Fig. 1. Distribution of the isostatic anomalies along a part of the Indonesian
Archipelagoes (reproduced from van Bemmelen’s book, 1949).
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Fig. 2. Java and Bali Islands.

in Fig. 1, with reference to the present land survey in Central Java.
Our transverse survey in Central Java is a continuation of the sea-
profile along 110 degrees in east meridian surveyed by the Submarine
Hr. Ms. K XIII. The authors would like to.add a humble contribution
to the knowledge of the gravity field in this region, in special relatio
with voleanoes. :

2. Gravity survey

A gravity survey in Central Java was carried out intermittently
in August and September, 1968, and the gravity meter used for the
survey was a Model “G” of LaCoste & Romberg type. Through the
period, the base of our survey was at Kaliurang in the north suburb
of Jogjakarta. The drift of the gravity meter reading was about 0.3
mgal for a month since Aug. 21 and during the period, the surveys in
Central Java and on Batur Caldera, Bali were made. The total of
measurements were referred to the gravity station at the Earthquake
Research Institute, the University of Tokyo, of which the gravity value
was 979.80205gal. The connecting route with Tokyo was extended to
Djakarta, Bandung and Jogjakarta in order, respectively within a -day.
The difference of gravity between the bases at Djakarta (Hotel Indonesia)
and Kaliurang (Wisma Merbabu) was measured twice as 163.74 mgal
(Aug. 17—Aug. 21) and 163.88 mgal (Sept. 24—Sept. 25). The authors
deem the latter value better because the connection was made in a
shorter time. As reported in the previous paper, the connecting error
between Djakarta and Tokyo was 0.07mgal, and therefore the accuracy
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of all measurements in Central Java is about 0.1 mgal in reference to
the E. R.I., Tokyo.

The observation points were 100 in number as shown in Fig. 8. At
the centre of the surveyed region, there are active volcanoes Merapi
and Merbabu and to the north-west, Butak Petarangan, Diéng, Sendoro
and Sumbing are active. The surveying route crosses Java from the
south coast to the north coast and encircles Merapi and Merbabu. The
present survey did not aim at studying these volcanoes themselves while
a branch of the surveying route approached to Merapi. The photos of
of some observation points, Nos. 1, 3, 4, 5, 7, 10, 32 and 101, were
shown in Fig. 8 of the previous report (Yokoyama and Hadikusumo,
1969). In the survey, we tried to occupy the triangulation points and




(penurjuod aq 03)

10 G 09 047910 9°861 7L 812 991 PLS "H'S ‘odwieley -gg
61 119 17070 G781 0Ly 9°€2 871 0.7 "H'S ‘Buelteg -3
6°01 £°89 03" €90 6° 761 104 §'6¢ 6°81 9881 W J1eau ‘uewele] -gg
881 ¥°69 37°SL0 L gel1 88¢ §L5 78I 988L V Jaeou ‘gewery ‘gg
888 9°69 $€°660 8981 Lvs 308 4! L¥8 "H'S ‘uepaofolrol] 13
€68 g1 LTVIT L LET 808 ¥68 171 808 "H'S ‘opuoig -0g
P G99 8786 69° 19T 77861 19¢ g'7g G ¢l 192 "H'S ‘Uopdy -61
= 6°66 8931 19981 1°66T 193 1°98 1°21 L83 "H'S ‘uolpaoy 81
N 87 6°9L 35 611 8861 118 178 gq1 SpeoIssols ‘uedunjueg -4
=z T°29 9° 80T 01" g8t 6°8¢T 8¥¢ 9°G8 9°LT 93pl1q ‘uofeoy -9T
= 8°99 g°66 387071 3 071 4 L°88 761 a8plaq ‘Buedelq -¢1
=] G 6L 87801 VG 291 0°TI91 993 8 0¥ €708 23pLq JHEpOly "1
& G 76 8711 L6961 6°TP1 161 g8y L13 L61 "H'S ‘ueqelq "¢l
o G601 €811 98° 633 G 871 44 9°9% ¥°85 “el3or ‘ueqIay, -gI
m £33 0°891 18" 968x L 881 6° 9631 1°G8 662 Vv A101eAt9SqQ UBSUBMEI] “TT
“ "e9r g 191 99° 688 L"961 G 1621 665 793 Vv £103eAlasqQ yeyealq o1
= LA 6°06T 70" L18% L 981 ¥ ¥991 6765 VL3 v A103eAlesqQ o[og 6
< 9°83— 9°G1— 18960 €881 96 688 687 LITs, Plueg 910 '8
= 7" 96 1°601 S8°¥13 14! 231 6°97 €72 ‘efdop ‘(030K or[e ")
z g L"g8 ¥¢ 910 ¥ L8T 029 338 0°02 o3pLIq uoy 9
1Y
S T°qI 6°871 18" 168+ 8°L8T 8131 9°1¢ 9'73 v A10jBAISSq() UBpRqRY "G
. 0°96 g L01 2¢'813 6871 901 087 €63 eeyelsor ‘Wd'd v
= 881 LLS 3€°790 g LET 44 618 868 feofog - g
061 S 61T GG 096 0281 096 808 6°0g o 0B0da( ], g
8§68 838l GG 966 07681 €68 198 8.98 nqeqIey BWSIM ‘Buvinie)] T
(1esw) 8w 8L6 816 10101 . .
A[ewoue mwﬁo:vw www%w A%Mwhw ¢ ) Sel =011 qured 714015
Tendnog I1e-991 poATesqQ) [ewIoN Y3 1er] 3uory

306

‘BAB[ [BIJUS)) Ul POAISSQO Son[es A}IAeIY ‘T 9[qey,




307

Voleanological Survey of Indonesian Volcanoes. Part 4

(ponurjuod aq 03)

'8 ¢ 09 L0° 160 9°6¥1 S6v 9°Ly 1°83 SpROISSOId ‘Uade], (0%
09 8°VS 98850 6oVl 99¥ L Sy 3’ L3 28plaq ‘Sueiuso], '6¥
3°03 813 LL°¥VL 9931 01 0°80 696 01 "H'S ‘ooueme3o], '8F
g a1 0°LT G8°8EI S 931 i1 1°2%0 838 189 ¥ aeau ‘jooq L
11 Lt 86" 881 6931 18 o' 10 965 169, ¥ ‘Iedu ‘ueluowrld '9F
9°6 0°0T %9 €61 9'v3l g ¥ LS 6°L% 28,1 ¥ aesu ‘uexele[y 'S "G¥
L3 8'% 6L G2l €831 T 0" 7Gx 0°8T 1epusy ‘W ¥¥
e 0 0T 26" Vel G°¥al ¥ 87 LGx 9Vl p “H'S yedoylg gF
6°¢ 8V 35" L3L 6°¥5l 8 8780 L LT Jueyduel gy
g9 v'8 80821 &' gel 8T G 69« 918 81 'H'S ‘ueiedeg TV
L6 601 ¥3 VeI 8651 4 V769 V'G5 ¥ "H'S ‘1iesooputy ‘0Ov
9'8 LT 98" L11 8431 18 110 9°65 18 'H'S ‘tpuel], 6%
L3 €92 oV €80 97921 G365 6°20 1°¢2 SpeOISSoI0 ‘dolsadN ‘8¢
99 ¥'98 08°6L0 €°L31 686 0°60 0°93 c8Z ‘H'S ‘Yueweolueqg L¢
§'01 (474 T2°3L0 0831 48 6°90 8'¥8 SPBOLISSOID ‘ofouepusy "9g
g7t L"3aS 86°890 8°831 L9¢ 6°80 §'v3 2861 ¥ Iedau ‘ueduedooq -Gg
g9 1°9¢ 69960 9°631 §87 G 1l 9°G8 SPEBOISSOID ‘10[-SB3I9g &
161 0°TL 39° 980 ¥ 08T 1284 G 8l 863 GOT ® IBAU ‘€8
981 8'GL 78°L80 87081 LvS Lyl 0°93 139 "H'S ‘uomeq "Z¢
708 6°GL 98" 870 0T8T 089 0°6I 193 0eg 'H'S ‘uesdodedurid °Ig
6°€2 ¥ 4L 93°¥<0 § T8I 367 8¢l €62 %67 "H'S ‘uldwesN -0
062 0°6L 387690 8161 8LV 691 033 83plIq ‘uepulg ‘63
6°2¢ 8701 ¥0° 530 G 28l 189 €81 718 ... _ouopdg 87
(A4 G 96 07810 ¥ 661 8L9 881 003 8L9 "H'S Is8oU .w.aw?.nEoU “L3
LTI T°8L §9°¢10 3 881 ¥€9 L0g 06T SpBOJISSOIO ‘UBSUBIBT ‘93
qesw) | (Esw) 816 816 (ze30u) Sl 01T

Evﬁocd Alewoue mwaMw mwwwv qurod £31ABIN

Ion3nog I18-991,] PoATRSqQ) [PWION 1Yoy ‘e *3uog

(penupuod) T OB,




I. Yokovama, 1. SURJO and B. NAZHAR

308

(penurjuod aq 03)

' 8°98 V06 T1°925 G 91 G8 9'v9 802 ¥6LY, V leou ‘ueooyeq gy
L°T6 8101 65°032 9Vl c8 L6y 0722 é8 "H'S yeye[eg "yL
G'SIT L7121 LTI'¥82 G 871 61T 79y 0°61 61T "H'S ‘uejaojuog g
8§16 T°v01 00012 ¥ 691 T3l 0°Ly 8793 121 "H'S ‘Yeoay3uedN -gL
0°.8 S 10T S1°202 6° ¢Vl 961 8 Gy ¥°83 96T "H'S ‘e[eg 0} proy ‘1L
0°68 8701 16°003 Lavl 16T g ay 9708 93plq ‘ilpeg, “(L
G 86 ¥°01T VL2038 86Vl 91 &y G'28 sodues[y3ue], -69
L1768 0°L0T 08" 161 0°G¥1 991 v &y V88 99T ‘H'S .»CNvmgmrm 89
V' ¢6 1°60T 16° 003 8 I¥1 a9l 1°6¥ 0°5¢ 291 "H'S ‘osoljeda[, *)9
L°18 T1°66 06° 88T S Iv1 291 S 1y L°98 SPBOISSOID ‘SeSUIIN 99
9°L9 G €L 197191 8 071 ji € 0¥ 368 JST "H'S 99
0°9y 6°69 81°6S1 € 0V1 §€1 0768 0°1¥ 8EI "H'S K4 yoda3l -y9
$'1r L°G8 78 8a1 97681 981 G L8 6°1¥ mvdoummo.uo. G ATieH "g9
6°61 6°68 Y6 16T L°8ET 8¢T 1°6¢ 8oy 616.L /l\. 3usoqelq -z9
¢ 01— 9°% 99° 201 0°88T §¢1 G'8¢ 474 €1 "H'S ‘o1v0s03aBY 19
8°0T— vy §€° 260 L7 LET <74 G368 L°ey £96.L V 1eau (g9
6'9 — 6°'1T L1760 G LET 6L1 1°6¢ L% G6T "H'S J1BdU ‘UBWIOY30XY -6G
Lg 6°68 V" L80 9°LET 6L¢ §°3¢ 1°88 SPBOISSOLD .WMEOWAU.QVOE ‘89
g9 8.8 10° %90 0°LET L8V 8708 1°¢8 L8V "'H'S .Qo.uoxomoa LS
60 — 1°9¢ 1L°%20 G 98T 14241 G'68 8've Ve "H'S ‘Busodidudg -9g
§¥1— L"99 03" €86 L Q8T 8L9 3'LS 9°2¢ ou,w_mn ‘lpdwy -gg
8 91— G'89 89" TL6x 6 V€1 61 V6 9°1¢ 93plIq ‘ueIRBUD], ‘§Q
LGT— 8709 LV 696x% G Vel TE€L §'8¢ 6708 J6SL V "gg
8°0T— 209 GG V86x G 88T 8L9 9°13 8708 €691,  Imau hawmavmm K4
€'y 6°%9 01" 610 9281 8LS G'61 8762 8L¢ "H'S ‘®dIjeleg ‘Ig
(Tesw) ([eswt ‘8L6 ‘8L6 T999W) o .01

A[euiour Evﬁonvu mw_wmwv MMWMV ¢ Sol €011 jutod £31A%I5)

Iongnog I18-991,] paAzesq(Q) [ewION 1ySeyg ‘%] *3uory

(ponuijuod) ‘T °olq®.],




309

‘LL6x% So9x

¥'01 1t 68661 6°v¢l L 8" 8Gx §°9% Juerewsg ‘Mng vAqIJ [030H 10T

G'68 ! V6" 166 07661 S16 L ge 4 GI81 v ‘Bueiniiey ‘007

9°9g 97§ 09°L0T G861 LLG V78 9°LE LLg "H'S ‘uadoy '66
-~ 6°v8 399 84 711 6°861 068 g'¢8 2 Lg G261, Y "86
- 9'Ty T°1L €L°631 L6861 @83 VL8 ¥°98 283 "H'S ‘ueyodsaog 16
um 6°87 ¥ oL 18" GET T°0v1 €92 788 0°98 €92 "H'S ‘ue3edseog ‘96
4 6°¥9 3 76 05871 ¥ 0vL 083 %68 9'78 083 "H'S_‘ual3uell "G6
S 97601 L*611 1912 L°gvl GST G S 083 "Bl30p 03 WYY V6
s 8°L6 G LIT 96°308 Vrorl 98T Vv §'8g 981 '"H'S '€6
= 0°v8 L7601 19°GLT 8171 9ve 6°av ¥'ve “e[30p 0] WY TT g6
AN 0°LL P <0t 35 891 IR anigt 1.3 g'av L've 1.3 "H'S ‘Ipuely, 16
.m G GL L'v01 98°0ST g Ivl 01¢ SLTTY 163 ¥e8L V 06
2 9°89 8701 88681 T 171 e TP 1°93 gve "H'S ‘utodo(q 68
s 829 9°801 90° V1T 9°0¥L 8¢V L'68 695 928L V 88
< 8768 8311 13560 £ 071 (484 0°68 V9% "B(30op 03 W6T L8
5 ¥es 8'GIT 19890 6°68T 909 6°L8 V92 wnriojguey Jeau gy
s 6°LY 853l g8 170 97681 91L 6°9¢ 962 ‘el3op 03 wygg ‘G8
g 7706 0°L6 GV 365 "1 ¥9 T°18 g'0g ¥9 'H'S _.E:.EM V8
2 g 98 8'16 98°T¢a 8°Gr1 16 8368 0°03 1§ "H'S '[°0jueg 68
5 588 9°88 107983 9LVl i G'LS 911 ¥ "H'S ‘100[8D) ‘28
— §°a8 0°98 G8° 183 VA4S L 028 G'€l 8 "H’S Ivou ‘190[e) ‘18
=
.W 78 §°98 81°64¢ 87LV1 g1 ¥ 98 3'SI €T "H'S ‘ueyepueig 'S ‘08
= 6°v8 ¥ L8 16°928 67971 14 e Lot Blpoyed ‘S ‘6L
s 6°68 L1718 66°365 7 9vT 9¢ Qv G'61 98 "H'§ ‘uopuey) ‘g,
8 G 10T 1°30T GL°LVS ¥ 8ri 6 §°69 6°81 jueq I9ALL ‘UBSUOUOGDY] "LL
W G'96 £°86 68072 G LV 8T 6799 L6l 8T "H'S ‘ue[8e1y ‘9.

(esw) | (1eBw) 8L6 816 (ae30u) Sol 01T

Agwoue AJewroue MM.WMV m_wﬂwmwv qurod £71ABIN
Iengnog I18-991,] poAIesqQ) [FWION Jy3roH 18] *3uor
(penupuod) °T O[QBJ,




310 I. Yoxovama, I. Surjo and B. NAZHAR

the spot heights as far as possible, of which heights were indicated in
the unit of meter on the topographic maps. In addition to these points,
many other points were occupied and their heights were determined by the
barometric and interpolation method between the known heights. During
the survey, a base barograph was operated at the base station, Kaliurang,
in order to make corrections for atmospheric variations. The barometers
were those of American Paulin System, by which one could read the
heights at 0.5m intervals, but the accuracy of height determination
usually depends on the atmospheric conditions. It is not so reliable
between distant points even if atmospheric variations are corrected by
the barographic observations at the base. In this respect, the interpola-
tion method may be more practical. In the present survey, the error
of height determination may be less than 5m corresponding to about
1mgal in the Bouguer anomaly.
All observed gravity values are listed in Table 1.

~ 3. Gravity anomalies in Central Java

The Bouguer gravity anomalies in this area are calculated as shown
in Table 1, where the mean density of the land is assumed to be 2.5
g/ce, the vertical gradient of gravity to be normal, viz. 0.3086 mgal/m
and the topographic corrections not being taken into consideration be-
cause we selected the gravity points at gentle topographies as far as
possible. The accuracy of the anomalies is about 1mgal excluding the
topographic corrections which may be rather large at the summit of
Plawangan (gravity point No. 11) as clearly seen in an anomaly pro-
file (Fig. 7).

The distribution of the Bouguer anomalies in Central Java is shown
in Fig. 4. It is noticeable that the high anomaly amounting to 100 mgal
at the southern coast sharply decreases at a gradient of 100 mgal/30 km
and is almost zero in the northern half. A geological sketch map of
this region after the Geological Survey of Indonesia is shown in Fig. 5
where there are Quaternary volcanoes ag follows: Butak Petarangan,
Dieng, Sendoro, Sumbing, Ungaran, Telomojo, Merbabu, Merapi and
Lawu (Fig. 6). Comparing the distribution of the gravity anomalies
with the geological map, one does not find any systematic relation
between them at respective volcanoes. This is clearer in a gravity pro-
file in the North-South direction shown in Fig. 7, where the anomalies
along the central route from the south toward Merapi drop between
those along the eastern and the western routes. In the figure, the
anomaly at Plawangan (No. 11) deviates from its group due to the large
topographic effect.

+
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Next, the results of marine gravity surveys approximately along the

longitudinal line of 110°E by Vening Meinesz will be supplemented by

. the above ground survey from the cocast of the Indian Ocean to the coast
of the Java Sea. At the upper part of Fig. 8(a), the Bouguer anomaly

Quart Undif. Volcanics
Le <)

Young Quart, Volcanics

/

— I [ |

Fig. 5. Geological sketch map of Central Java after the Geological Survey
of Indonesia. @ Voleanoes with magma or phreatic eruptions, Vol-
canoes in fumarolic stage, no eruptions known.

Fig. 6(a). Merapi seen from the eastern foot.
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Fig. 6(b). A morning scene from the summit of Merapi facing north. From
the west, Sumbing, Sendoro, Telomojo and Merbabu.

g e i<

Fig. 6(c). Merbabu (left) and Telomojo seen from the north.

Fig. 7. A gravity profile from the coast of the Java Sea to the coast of
the Indian Ocean.
hollow circle: along the western route around Merapi
large solid circle: along the central line passing Merapi
cross: along the eastern route around Merapi

profile obtained by the present survey is represented by a solid line
connecting with the modified Bouguer anomaly profile obtained by Vening
Meinesz. The modified Bouguer reduction consists of a topographic re-
duction for the zones A-O and an isostatic reduction—according to the
regional system- of the zones 18-1 of the Hayford-Bowie system. At
the middle part of the figure, a profile of the topography and the an-
desitic volcanoes are shown and at the lower part, the hypocentres of
the earthquakes which occurred in the area of longitudinal breadth 500
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Fig. 8. Geophysical profiles across the Indonesian and the Japanese island
arcs. From the top, gravity anomalies, topographies (black parts denote
the Quaternary volcanoes), and earthquake foci.

a) Indonesian arc along the longitudinal line of 110°E.
b) Japanese arc along the latitude line of 40°N.

km during the period 1959 to 1966 are projected on the profile plane
after Hatherton and Dickinson (1969). As seen in the figure, the vol-
canoes have been formed at or around the local minimum of the gravity
anomaly, in other words, at the locally thick crust, and beneath the vol-
canoes, both shallow and deep seismic foci seem to be rather few so far
as this particular profile is concerned. The same items are figured for
Japanese island arc as shown in Fig. 8(b). The profile passes Tohoku
District (the northeastern part of Honsyu) along the latitude line of
40°N. The Bouguer gravity anomalies were obtained by the Geographi-
cal Survey Institute of Japan on the land and by Tomoda and Segawa
(1967) on the Pacific Ocean. The seismic data are concerned with the
area of latitudinal breadth 250km and with the earthquakes of magni-
tude larger than 4.5, which occurred during the period 1951 to 1965,
after Katsumata (1967). The above relation deduced from the Indonesian
data also holds good with the Japanese data.

Hatherton and Dickinson (1969) found much correlation between K,
the level of potash content in lavas erupted from an andesite volcano,
and %, the depth to the centre of the inclined seismic zone beneath the
volcano. They suggested that this may imply whether the magmas
have different compositions at various depths along the seismic zones or
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Fig. 9. Development of volcanie structures of the transverse row Ungaran-Merapi
after van Bemmelen.

the magmas make evolution during ascent from these zones.

The relations between volcanisms and the structures of the ecrust
and the upper mantle, if any, will be an important problem in volcan-
ology and the data demonstrated above may afford us some suggestions
as to the future studies.

Returning to the volcanic edifices in Central Java, some remarks
will be made on some volcanoes after van Bemmelen (1949): The de-
velopment of volcanic structures along the line Ungaran-Merapi is shown
in Fig. 9, where it has shifted from the interior side towards the ex-
terior side. The row of volcanoes Merapi-Telomojo is situated at the
western end of the Solo Zone and the Ungaran complex is situated at
the western end of the Kendeng Zone. According to Vreugde (1935),
who compiled the results of the torsion-balance surveys by the Bataafsche
Petroleum Maatschappij, the Kendeng Zone is characterized by strongly
negative Bouguer anomalies. These are also verified by the present
survey as shown in Fig. 4. According to van Bemmelen, Ungaran is a
a volecano-tectonic depression and Merbabu has three radial sector-
grabens. However, the results of the present preliminary gravity surveys
can not make any comments on these structures, because the present
surveys did not cover sufficiently these areas. More detailed surveys on
each volcano may be desirable in the future.
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