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Lake Toba, Sumatra, and the Origin 
of Tektites 
KAYSING suggested recently1 that Lake Toba, Sumatra., 
Indonesia, was a possible source ares. for the Australian 
group of tektites. This suggestion was based on extra
polation from the observation of McColl and Williams• 
that the "majority of australite locs.lities in south centrs.l 
Austrs.lia are concentrated s.Iong a line extending north
westwards . • . . A second subpars.llelline may exist in the 
west of South Australia, separated from the main line 
by an extensive tract of austrs.lite-deficient country". 
They consider that these lines represent primary distri
bution patterns, and Ks.ysing1 suggests that suitable 
assumptions about ejection angles and allowance for 
the Earth's rotation "brings the intersection of the infs.ll 
lines to Lake Toba". 

Lake Toba., the largest lake in Indonesia, is one of 
the largest terrestrial features ascribed to volcanic 
action. The lake is 87 km long (the depression within 
which the lake occurs is lQO km long) and 31 km wide3 • 

It is surrounded by a vast deposit of acid volcanic material, 
interpreted as welded tuff or ignimbrite, covering an 
area of 25,000 square km, with a volume of 2,000 cubic 
km'. This forms one of the largest occurrences of this 
type of rock and is matched in volume only by the large 
welded tuff sheets of the central North Island of New 
Zes.Iand, the type locs.lity for ignimbrite1• The consensus 
among geologists who have investigated Lake Toba is 
that it is a volcano-tectonic depression, which subsided 
after paroxysmal eruptions (Nuee s.rdente type) of acidic 
materis.l from an underlying magma chamber. Wester
veld', in particular, is convinced of the "great pa.rs.llelism 
between volcanic phenomena on Sumatra and in Northern 
New Zes.land" and Williams•, Cotton', and Ross and 
Smith8 have drawn similar conclusions. Acidic volcanic 
rocks, simils.r to those at Lake Toba, but on a reduced 
scale, occur widely in Sumatra, and in many other parts 
of the circum-Pacific region•. They seem to be an integral 
part of the calc-alkaline association of volcanic rocks 
associated with dipping seismic zones and deep trenches, 
although they are restricted to areas where crusts.l 
thickness exceeds about 25 km. 

Is Lake Toba. a. potential source region for tektites 1 
Volcanic theories for the origin of tektites have long been 
in disrepute•, princips.Ily because the observed distri
bution is too extensive (up to 4 per cent of the Earth's 
surface if the microtektite ocourrences10 are included 
in the strewnfield) to be accounted for by eruptions from 
volcanoes. Thus Lake Toba would need to be an impact 
feature, because only meteorite, cometary or asteroidal 
impacts provide sufficient energy to account for the 
vast south-east Asia strewnfield. Lake Toba does not 
seem a particularly suitable candidate for an impact 
site. It is not circular, but elongated. The welded tuffs 
surrounding Toba are simils.r to other areas of undoubted 
volcanic origin in the circum-Pacific orogenic regions, 
a.nd differ only in extent. 

A decisive test is avs.ilable from a. comparison of the 
chemica.l composition of the welded tuffs with that of 
australites. The available data are collected in Table 1. 
The Toba analyses are old but probably reliable, and they 
agree with analyses of other welded tuffs. The centraJ 
North Island ignimbrites generally have larger amounts 
of silica, but have similar contents of diagnostic elements 
such as magnesium11, and individual matching analyses 
can be foundu. 

An average of twelve australite a.nalyses11•u from 
localities extending from Charlotte Waters, NT, to 
Florieton, SA, along the line established by McColl and 
Williams• is given in column 5, Table 1. If the lake is 
tho tektite source the compositions of the tuff and the 
tektites should be identical. It is oles.r from a study of 
the data. in Table 1 that they are not. Particularly 
critical elements in this comparison are :magnesium, 
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Table 1. COJIPAJUBOllf 01' OIDUIICAL 001lP08I!l'IOII' 01' WBLDED TUPI' ROX: 
LAX1I TOBA0 SUJ(ATIIA (1-4), WITH !l'IUT OP AUI!'1'llALITBS (6-9) 

(1) (2) 

89·91 70·87 
18·00 16·06 
3·36 2·66 
0·114 0·78 
2·88 2·28 
S·S2 8·4.1 
11·25 41.·76 
o-33 0·87 

(3) (4) 

70·65 71-26 
17·82 U·21 
4·36 1-19 
0·89 0·89 
2·28 2·72 
2·85 8·11 
2·4.1 6·74 

(6) (6) (7) (8) 

74-10 71)-81 70·88 71-19 
10·90 13·150 18·07 18·28 
4·80 4-77 4·96 Uli 
1·92 2·81 2·48 2·40 
4·00 8·41 8·58 2·96 
1·20 1·62 1·61 1·61 
2·21 ll-48 2·66 2·54 
0·86 o-75 0·78 0·78 

(9) 

69-79 
18·06 
5·48 
2·89· 
8·841. 
1·88 
2·81) 
o-71 

1111·98 100·04. 100·28 100·11 99·28 99·37 90·55 99·82 99·341. 
(1) Welded rhyolite tuff, Lai Renoen, Toba Region'. 
(2) Pumice from zbyo]lte tuff, Lau Hatap. Kano Cowttry, Toba region•. 
(8) Welded rhyolite tuff, Slpak Penlnllula, Lake Tob&•. 
( 4) Welded rhyolite tnft", Central Batak, Toba region'. 
(6) Average ot: ten anatralltea from MoColl·Willlalllll Line. .Anal. Xo. "· 

10, 11. 12, 18, 11i, 18 (ref. 18) and Anal. No. 29, 81, 33 (ref. 14). 
C8) A01tra11te. wuuna, w A .AnaL 2 (ref. 13). 
(7) A.Uitrallte, Edj lldlna. W A. .Anal. 8 (ref. 13). 
(8) A1111tniite, Kalgoorlle. W A. Anal. 8 (ref'. 18). 
(9) Autrallte. Lake Wilson. SA ADa!. 26 (ref. 14). 
Data uprMMd u wellht per cen~ Olddes, on a volatile ftee baals. All iron 

expreaaed as FeO. 

sodium and potassium. The australite& contain more> 
than twice as much magnesium and about half the 
sodium and potassium content of the welded tuffs. There 
is s.lso a marked difference in the silica content. In order 
to asoerta.in whether these differences are dependent on 
silica content or sampling, I have made a comparison 
with other austrs.lites of similar silica content to the 
Lake Toba material. These comparisons are given in 
columns 6-9, Table 1, where typical australite analyses 
off the McColl-Williams line, but with silica. contents of 
about 70 per cent, are listed. These analyses are again 
dissimilar to the Lake Toba. material particularly for the 
critical elements magnesium, sodium and potassium. 

These differences pa.rs.llel those between the chemistry 
of tektites and terrestrial igneous rocks as has been 
repeatedly pointed out11- 11• The chemical and isotopi<:
composition is consistent with a. parent material resemb· 
ling terrestrial sedimentary rocksu-u. 

The recent chemical, isotopic and age results from the 
lunar rocks17- 11 show such a ·wide divergence from thn 
~ktite data. as to make a. lunar origin for tektites ver~· 
rmprobable. It is thus necesss.ry to locate another sourco 
of the south-east Asia.n strewnfield. The criteria for 
such a search have been disCll886d10 and would be satis
fied by cometary impact on sha.ly sandstones of Mesozoic 
age. There is, however, no a priori case for considering 
Lake Toba as a potential source area. 

8. R. TAYLOR 

Department of Geophysics and Geochemistry, 
Australian National University, 
Canberra 2600, Australia.. 

Rece1Vlld .rune 9. 1970. 

• Kayatq, C. W., N/WII'l!l,818, 781 (1970). 
• McColl, D. H., and Wllllatna, G. E., Naturt,288, 154 (1970). 
• Van Bemmelen, R. W., Fourlh Paci/ie Sri. Con,r.,B.llii (1921)). 
' WeaWveld,1., Bull. OtDl.. Soc • .Amer., 81, 681 (1962). 
' Marahall, P., Tram. Rou. Soc. NZ, 84, 323 (1935). 
• William. H., Uniw. Calif. Publ8. Bull. Dff/J. fhol.,l!&. 289 (19·H). 
'Oolton, C. A..1 Voleaftou a Lmi4M:ope l!'fmM (Whltcombe and Tombs, 

<lhrllltchuren, 1944). 
• Rou, C. 8., and Smith, R. L., Pro/. Pap. US G«JI. Surv., 366 (1961) 
'Baker, G., Mem. Nat. Mtu. Vid., 18, 123 (19119). 

"Glaall. B. P., N/WI~W,Blt. 872 (1987). 
11 Ewart, A., Ta.ylor, 8. R., and Capp, A. C., Cuntr. Minffal. PI!Crul., U, 1 

(1969). 
,. Grange, L. I .. Bull. Geol. Sur. NZ. 87 (1987). 
•• Taylor, S. R., G.ochifll. C08tii0Mim • .AciG, !8, 885 (1982). 
" Taylor. 8. R .• and Kaye. M .• G.ochim. 008tii0Mim . .AetJJ, 88, 235 (1964). 
11 Ta.ylor. 8. R., and Sachl, M., N/Wirt,l88, 387 (1980). 
"Taylor, 8. R., and Kaye, M., a-Aim. OortiiDc,"m • .AciG, 88, 1083 (1969). 
" NIWII'l!l.llll5, 221 (1970). 
"&:iMa, 117 (81118), 44.9 (1970). 
''a-Aim. 0-.\ifll • ..tetJJ. LuMr Suppknwtll, 1-8 (1970). 
" Taylor, 8. R., Clulm. fhtll., I, 461 (1969). 


	Lake Toba, Sumatra, and the Origin of Tektites

