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striations. Fresh fractures are shiny. They contain 
nmnerous small bubbles and metallic spherules, which on 
microprobe analysis proved to be of iron. Nickel was not 
detected. They were found near Hearhof, Pflaumloch 
and Rottingen. Spectrochemical analysis of one specimen 
;;howed 53 per cent Si0 2, 18 per cent Al 20 3, 26 per cent 
CaO, 2·3 per cent MgO, 0·90 per cent Fe20 3 , 0·85 per cent 
Ti02 , 0·037 per cent V 20 6 , < 0·01 per cent NiO, < 0·01 per 
eent CuO and < 0·5 per cent Na20. The K,O wa~ not 
determined. Refractive index was variable. Two 
specimens yielded 1·576 and 1·588. These results are 
outside the range of known tektites. 

In order to make sure that we are not dealing with some 
new typo of tektites, we made a qualitative dating of all 
our speeimens by the fission track method of Fleischer and 
Price2 • This method is very simple and lends itself 
admirably to qualitative datings, in which the determina
tion of the uranium concentration is dispensed with. 

Small chips of glass wera crushed to splintera of about 
0·5 mm size. These wore then etched for 15-45 sec in 48 
per cent hydrofluoric acid. A moldavite tektite of known 
age, 14·7 million years, which is contemporary with Ries 
Kessel formation•, served as a control. After etching, the 
moldavite showed under optical microscope of 600 times 
magnification, quite a few typical teardrop, elliptical and 
pointed etchpits which are due to fossil fission tracks, 
whereas tho glassy objects did not show any. 

We must, therefore, conclude that the objects we found 
aro recent glasses. They may be an iron furnace sbg, 
although thoro seems to be no iron industry at present near 
Ries Kessel. 
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Analysis of Geological Samples by Spark 
Source Mass Spectrometry 

IT has been found possible to apply spark source mass 
spectrometry to tho estimation of trace elements in the 
two standard rock samples granite Gl and diabase Wl 
(originating from the U.S. Geological Survey, Washington). 
These samples have already been analysed many times, 
but by other analytical techniques such as emission 
~pectroscopy, neutron activation, polarography, flame 
photometry and chemical methods (see Fleischer and 
Stevens1). However, the irreproducibility of results for 
wme elements by these techniques and the lack of data 
for other elements prompted this preliminary work on t~e 
application of spark source mass spectrometry to th1s 
analysis. 

The instrument used for the work was the A.E.I. MS7 
mass spectrometer, and the samples, after being ground to 
a fine powder, were compacted into small rod-shaped 
electrodes•. In order to remove any surface contamma
tion which might have been picked up duri:t;J-g ~his process, 
the electrodes wore sparked for about 5 mm m the spec
trometer source before the analysis was carried out in the 
usual manner3 • Each sample was analysed twice and 
silicon was chosen as the internal standard as its concen
tration in both samples is accurately kno~.. A mi?ro
densitometer was used to compare the densities of lmos 
due to the isotopes of the trace elements with that of the 

line due to the silicon-30 isotope. The concentrations of 
the elements were estimated by the method of Craig, 
Errock and Waldron•, assuming that all elements have 
equal sensitivity. Experience has shown that the majority 
of elements do have the same sensitivity to within a 
factor of throe. 

The resu.its for elements detected arc given in. Table 1 
and limits of detection for elements not detected are given 
in Table 2. For some elements, there was definitB evidence 
of inhomogeneity of tho samples and this has been suspec
ted by other workers 1 . The values in Tables 1 and 2 may 
be in error, therefore, by more than a factor of three; but 
an overall picture of the trace constituents of the two 
rocks has been obtained and tho work has provided a 
useful guide for futuro studies. 

Table 1. ANALYSIS OF TRACE ELEMENTS IN Gl AND WI : ELE)!E::lTS 
DETECTED (P.P.M. WEIGHT) 

Element G1 W1 Element f)J Wl 

Uranium 1·3 0·5 Antimony 0·1 0·3 
Thorium 6·5 1·3 Tin 5 2 
Lead 22 1·9 Niobinm 4 4 
Thallinm 0·4 <0·2 Zirconium 127 104 
Tantalum 2 0·5 Yttrium 10 23 
Hafninm* 5 2 Strontinm 382 508 
Luteciurn * <0·2 0·2 Rnbidium 783 83 
Ytterbinm 0·7 1 Arsenic 3 3 
Thulium• 0·3 0·3 Gallium 89 39 
Erbiurn• 2 4 Zinc 17 72 
Holmiurn* 2 1 Copper n·3 152 
Dysprosium* 5 5 Nickel H 78 
Terbiun1 * 2 1 Manganese 248 1,570 
Gadoliniun1 * 4·6 4·6 Chrominm 29 154 
Enropium 2 2 Vanadium 25 333 
Samarium 9·7 5·7 Titanium 1,330 8,200 
Neodymium 48 17 Srandium 11 36 
Praseodymiunl * 15 4·5 Chlorine 52 66 
Cerium 116 33 Sulphnr 3 3 
Lanthannm 58 11 Phosphorus 69 495 
Barium 1,300 257 Boron 2•8 18 
Cresiun1 4·7 2·3 

* These elements were not reported by Fkisdwr and Stevens. 

Table 2. ANALYSIS OF TRACE ELEMENTS IN 01 AND W1: lAMITS OF 
DETECTION ~'OR ELEMENTS NOT DETECTED (P.P.M. WEWIIT) 

Element Limit of detection Element I~imit of detection 

Bismuth 0·9 
Mercury 0·3 
Gold 0·08 
Platinum 0·3 
Iridium 0·2 
Osmium 0·3 
l<heninm 0·2 
Tnngsten 0·2 
Iodine 0·05 
Tellurinm 0·2 

Indinm 0·2 
Cadmium 0·2 
Silver 0·3 
Palladium 0·9 
Rhodinm 0·1 
Ruthenium 0·4 
Molybdenum 0·8 
llromine 0·7 
Seleniurn 0·7 
Germanhun 15 

This mass spectrometric analysis has the advantages of 
speed, sensitivity and tho fact that, in a. single analysis, 
estimates can be made of the concentratiOns of 66 trace 
elements in the mass range 7-238. In those experiments, 
the powdered samples were prepared and the m~ss spectra 
obtained in approximately 4 h. InterpretatiOn of the 
spectra can be carried out visually, in which case the time 
taken would be about 6 h, or a microdensitometer can be 
used to give a more precise result when tho time required 
would be about 24 h. 

In these experiments, the photoplates were not _given 
the longest possible exposures and, therefore. the hrghest 
sensitivity has not yet been achieved. Further work will 
be carried out to obtain more information and lower 
detection limits, particularly for the rare earth and higher 
maqs clements. 
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