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“Be measurements of samples from a (hemi)pelagic sequence of Middle Miocene to Lower Pliocene age (Java, Indonesia) allow 
estimating the rate of sedimentation and the tirnespan during which deposition occurred. 

Large variations of ‘OBe values between adjacent samples can be satisfactorily ascribed to short term variations of the rate of 
sedimentation, with in addition downslope mass transport of sedimentary units that had previously been deposited higher on the 

submarine slope. 

1. Introduction 

Late Miocene to Early Pliocene (6-3 Ma BP) pelagic 
carbonates, exposed along the Solo River, north of the 
city of Ngawi, East Java (Indonesia), form one of the 
few continuously exposed sections of this age in the 
region. The biostratigraphy of the sequence was previ- 
ously studied by van Gorse1 and Troelstra [l]. The 
present research was started in order to establish a link 
between the regional biostratigraphy and the magneto- 
stratigraphy. The series however appeared not to be as 
regular and undisturbed as had been expected, and no 
straightfonvard magnetostratigraphy could be estab- 
lished. In order to obtain an insight into the age rela- 
tionships within the succession, in addition to biostrati- 
graphic analysis, “Be measurements were carried out. 

2. Geologic background 

The Sunda arc, among others represented by the 
islands of Java and Sumatra, is the result of the north- 
ward movement (10 cm/yr) and subduction of the 
Indian-Australian oceanic plate below the Eurasian 
(China) plate. On Java, at the northern side of the 
volcanic arc, a so-called backarc basin developed upon 
the overriding (Eurasian) plate during the Tertiary, due 
to extensional tectonics related to the process of sub- 
duction [2]. This backarc basin was filled with sedi- 
ments. In subbasins adjacent to areas where older for- 
mations were subject to erosion sandy and coarser 
grained siliciclastics were deposited, and in places with 
no on small nearby siliciclastic sources, deposition of 
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fine-grained sediments prevailed. The Upper Miocene 
sequence along the Solo River consists of marly pelagic, 
fine-grained mixed carbonate/clayey sediments. 

3. Methods 

3.1. Field 

In the field, the Solo River sequence was measured 
and the sedimentary features were recorded. A detailed 
description of the sequence and the sedimentological 
features will be given elsewhere. At 500 sites samples 
were taken, i.e., small oriented core samples for 
paleomagnetic measurements and larger samples for 
other analyses. 

3.2. Paleomagnetism 

Paleomagnetic measurements were carried out with a 
ScT cryogenic magnetometer. The total natural rema- 
nent magnetization (NRM) of specimens from each site 
was determined. Standard demagnetisation procedures 
applied to at least one specimen per site isolated in 
most cases a characteristic NRM component (ChRM). 
The primary origin of the component, however, remains 
doubtful. 

3.3. Be-10 

After addition of 1.00 g of a 1000 ppm 9Be solution 
to the 10 g sediment sample, lo Be was chemically leached 
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from the outer layers of grains using concentrated HCl 
and HClO, at 400 K [3]. After completion of the 
extraction the beryllium was separated from the other 
elements [4] and oxidized to Be0 at 1000 K. Mixed with 
silver (1 : 5) it was pressed into a 2 mm diameter hole of 
an aluminium cup. The “Be measurements have been 
performed with the setup using the Utrecht tandem 
accelerator [4]. 

3.4. Biostratigraphic datings 

The 24 samples used for “Be dating were analysed 
for their foraminiferal and calcareous nannofossil con- 
tent (fig. 1). The faunas/floras show high overall abun- 
dances and a good preservation. 

SAMPLE FAUNAL EVENTS FLORAL EVENTS 

4. Results 

4.1. The sedimentary succession 

The sequence shows sandy volcanoclastic sediments 
at the base. The main part of the series (Late 
Miocene-Early Pliocene) consists of dominantly fine- 
grained marls to carbonates, with occasionally thin 
volcanoclastic and clayey intervals. Towards the top of 
the sequence the size of the sediment particles increases, 
current produced sedimentary structures appear, as well 
as larger foraminifera, reefal structures and other fossils 
of shallow marine origin. This shallowing trend con- 
tinues, and the sequence is topped by shallow marine 
and subaerially deposited sediments. The present land 
surface is formed by fluvial terrestrial deposits of 
Pleistocene age. 

A striking feature which had not been reported in 
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Fig. 1. Biostratigraphy of the studied sequence. 
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the existing literature is that much of the sequence has 
been affected by transport “en masse”, h.c. slumps, 
resulting from the downslope sliding of more or less 
competent layers relatively shortly after deposition (i.e. 
the order of 104-lo5 yr). During movements such units 
were deformed. Despite the introduction of slided units 
(slumps) from places higher on the submarine slope, the 
series behaves rather uniformly with respect to weather- 
ing. As a result, the - abundantly occurring - slumped 
units are only obvious on close inspection. 

4.2. Paleomagnetics 

The ChRM directions are rather chaotic and do not 
offer the possibility of establishing a straightforward 
normal-reversed polarity zonation. Part of the ChRM 
seems to have formed before, and part after the dis- 
placement of the slumped units. This means that the 
paleomagnetic directions found in the (many) slumped 
units cannot be corrected unequivocally for the bedding 
tilt. 

4.3. Betyllium-IO 

The time span for the deposition of the studied 320 
m long sequence is deduced from the line through the 
24 “Be data points on the semilogaritmic plot in fig. 2 
(cf. table 1). Using the half life of 1.52 k 0.05 ka [5] the 
timespan is 2.5 ka. 

On a smaller scale, the “Be values obtained do not 
show a regular trend that would fit our original idea 
that the sequence was formed by continuous and regu- 
lar sedimentation. The “Be concentration of the sam- 
ples shows strong variations throughout the sequence, 
up to a factor 1.7 between adjacent samples (fig. 2). 
This reminds one the above observation that much of 
the sequence has been supplied en masse, that is, that 
initially the sediments had been deposited higher upon 
the submarine slope and much later moved downwards 
and deformed. Thus an alternation of sediments of 
different ages could theoretically be the case. 

it height in sequence 

Fig. 2. Results of the “Be measurements (cf. table 1). 

Table 1 

“Be contents in sedimentation profile 

Code Sample Height “Be-contents ‘) Insoluble b, 
no. no. (m) (10’ at./g) fraction 

UBe-129 Solo-380 320 11.0+1.8 0.31 
UBe-158 Solo-372 310 18.8k1.7 0.62 
UBe-128 Solo-356 283 18.1k1.3 0.53 
UBe-171 Solo-354 280 16.7+0.7 0.50 
UBe-170 Solo-349 270 14.2 + 0.9 0.54 
UBe-169 Solo-344 260 16.3 f 0.4 0.51 
UBe-157 Solo-336 248 13.8+0.5 0.60 
UBe-168 Solo-321 232 15.6 f 0.3 0.64 
UBe-127 Solo-307 218 12.5 + 0.8 0.53 
UBe-156 Solo-284 195 14.3 f 0.6 0.51 
UBe-167 Solo-274 181 8.7 k 0.9 0.54 
UBe-165 Solo-261 166 12.3 + 0.7 0.62 
UBe-166 Solo-238 156 7.6 k 0.5 0.42 
UBe-164 Solo-234 150 7.4 * 0.7 0.66 
UBe-162 Solo-175 127 7.6 _+ 0.5 0.57 
UBe-161 Solo-152 140 5.7kO.5 0.59 
UBe-163 Solo193 126 6.7 * 0.5 0.63 
UBe-160 Solo-151 125 9.0 * 0.9 0.67 
UBe-125 Solo-146 121 5.5 * 0.7 0.35 
UBe-159 Solo-120 105 5.7* 1.2 0.55 
UBe-124 Solo-101 94 8.1+ 0.4 0.51 
UBe-155 Solo- 58 60 7.0 * 0.4 0.59 
UBe-123 Solo- 29 32 4.5 * 0.7 6.62 
UBe-154 Solo- 1 0 2.8 f 0.8 0.51 

a) The errors do not include the 12% uncertainty in the ab- 
solute value of the calibration standard, which was obtained 

by irradiation of 9Be with neutrons from the IRI reactor in 
Delft. 

b, Insoluble in 4% HCl. 

4.4. Biostratigraphy 

The studied interval corresponds to the N17-N19/20 
(NNll-NN15) biozones of Late Miocene-Early Plio- 
cene age (fig. l), i.e. covering the period of about 5.5 to 
3.5 Ma BP. The 24 samples analysed show that the 
resolving power is not high enough to detect the pres- 
ence of slumped intervals and possible related strati- 
graphic anomalies which might be expected considering 
the observations in the field and the results of the “Be 
analyses. 

5. Discussion 

The frequent presence of redeposited competent in- 
tervals which slided down along the submarine slope, is 
most probably the main reason for the inconsistent 
results of the paleomagnetic analyses. The resolution of 
the biostratigraphy (fig. 1 and ref. [l]) is insufficient to 
show the presence of stratigraphic anomalies related to 
the en masse deposition of parts of the sequence. 

“Be determinations were carried out in order to find 
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out if the theoretically higher resolution power of this 
technique permits anomalies in the stratigraphic record 
to be studied. 

The overall trend of the “Be data reveals that the 
series was deposited over a period of 2 to 3 million 
years. This figure fits well to the results of biostrati- 
graphic analyses (ref. [l] and this paper) and supports 
the “Be method as a useful tool for relative age datings 
of sediments deposited during the last 10 millions years. 

On a smaller scale, however, the ‘OBe data show 
strong deviations, up to a factor 1.7 between adjacent 
samples. This indicates that either sedimentation has 
not been completely regular and that the contribution 
of, probably both the biogenically produced carbonate 
and of land derived clayey sediment has varied, and/or 
that mass movements have introduced older units which 
had been deposited previously higher up the submarine 
slope. 

The sequence was formed in a backarc basin. This 
implies that tectonic movements must have been active 
during deposition, and may well have led to variations 
in the rate of supply of the clayey terrigenous sedi- 
ments. The content of insoluble (clayey terrigenous) 
matter varies between 0.31 and 0.67. If the rate of 
sedimentation of biogenic carbonate has been essen- 
tially constant over the whole period, the varying con- 
tent of HCl-insoluble matter (mainly clayminerals) 
would be due to a variation in the supply of terrigenous 
matter by a factor of 4. On the other hand, variations of 
climate and of oceanographic conditions normally lead 
to changes of organic productivity, and thus also the 
contribution of carbonate to the sediment surface. In 
the case of a constant terrigenous input, the supply of 
carbonate would have varied by a factor of 4. It follows 
that the bulk rate of sedimentation thus would have 
varied by a factor of up to 2.2 if the supply of one of 
the two main sedimentary constituents had been con- 
stant. In the case of parallel variations of the input of 
carbonate and terrigenous sediment this variation may 
have been even larger, in case of opposite variations 
smaller. 

Considering the geologic setting of the analysed se- 
quence, and considering the fluctuating share of 
carbonate and terrigenous matter within the samples, 
fluctuations of the rate of sedimentation must have 
been a normal feature for the studied sequence. The 
deviations in “Be content between adjacent samples 
fall well between the limits that would be drawn on the 
basis of the variations in the supply of carbonate and 
non-carbonate sediment. 

In addition, it is likely that also the introduction of 
(slightly older) slumped units has added to the irregular 
trend in the “Be values. 

6. Conclusion 

Beryllium-10 determination of relative ages of pelagic 
sediments, which have been strongly affected by slump- 
ing and sliding, appears to give good results for the 
complete sequence, covering 2 to 3 million years. 

On the smaller scale short term variations in the 
supply of sediments and redeposition processes lead, for 
the analysed sequence, to a scatter of data around the 
general trend line. 

Rates of sedimentation fluctuate in time in most 
sedimentary environments. This is obvious on the land 
and in the nearshore domain. In the open ocean rates of 
sedimentation of pelagic sediments are generally fairly 
constant, especially in areas far away from terrigenous 
sources. However, even in such environments, on very 
faintly sloping seafloors, submarine sliding occurs and 
may lead to anomalies in the stratigraphic succession. 
In the case described here, such redeposition dominates 
the character of the studied sequence. Considering these 
redeposition processes, and the fluctuations of the rate 
of sedimentation, the scatter of “Be values around the 
general trend is not striking. 

Field sampling (PdB and JDAZ) was carried out as 
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valuable support during the fieldwork by Dr. Suminta 
and Dr. Suka of Lemigas, Jakarta and Dr. Yoko of the 
Marine Geological Centre in Bandung is greatly appre- 
ciated. The investigations on “Be (AFMdJ, CA and 
KvdB) were carried out as part of a program of the 
Foundation for Fundamental Research on Matter 
(FOM), supported by the Netherlands Technology 
Foundation (STW) and by the Netherlands Organisa- 
tion for the Advancement of Pure Research (ZWO). 
AJTR and CP thank Corelab Indonesia for permission 
to carry out the biostratigraphic research and to publish 
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