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ABSTRACT 

Abundances of zirconium, hafnium, cadmium, 
antimony, tantalum, gold, platinum, and iridium have 
been determined in meteorites, tektites, deep-sea 
sediments, and various terrestrial materials by use 
of neutron activation analysis. Among the principal 
advantages of the method are its high sensitivity and 
freedom from errors due to reagent and laboratory 
contamination. These data have considerable signifi

L-------------~1 cance in the fields of geochemistry and cosmochemistry. 

Each of these elements, except platinum j is 
separated after irradiation from the sample matrices 
by use of carriers and specific radiochemical separation 
techniques. Gold and platinum are determined simul
taneously by separating and counting only gold. This 
is possible due to the decay of the irradiation produced 
PtlY9 to its radioactive daughter, Aul99. Gamma-ray 
scintillat1gn spectrometry allows selective counting 
of the AulY produced from the irradiation of gold and 
the Aul99 produced indirectly from the irradiation of 
platinum in the samples. All abundances are computed 
by comparison of gamma-ray counting rates of the 
extracted samples with the counting rates of standard 
samples of each element irradiated simulataneously. 

* This work has been supported in part by U. S. Atomic 
Energy Commission Contract AT-(40-1)-2670. 
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Certain of the abundance data for chondritic 
meteorites as determined in this work, including 
zirconium at 34 ppm, gold at 0.22 ppm, iridium at 
0.49 ppm, and tantalum at 0.02 ppm, are in good 
agreement with the relatively few previous determinations 
found in the literature. However, other abundances, 
such as hafnium at 0.19 ppm in chondrites, are 
substantially different than previously reported data. 

The significance of these data as related to 
theories of meteorite formation and nucleosynthesis 
in the stars is briefly discussed. 

INTRODUCTION 

In recent years activation analysis has found 

wide application in the field of geochemistry. Its two 

principle advantages, high sensitivity and freedom from 

reagent and. lab8ratory contamlnation, have been discussed 

at length in the literature. In this work the technique 

of neutron activation analysis has been applied to the 

determination of several of the less common elements, 

principally those in the 6th period of the periodic table. 

For several of these elements, such as hafnium~ tantalum, 

and iridium, the literature is nearly devoid of data on 

their abundances in natural materials. For other elements 

such as zirconium, cadmiumj tin, antimony, platinum, 

and gold, older analyses done by conventional techniques 

have yielded data near the limit of detection of the 

method, or with a rather large dispersion. In several 

cases older analyses were limited to a narrow range of 

natural materials • 
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Since the abundances of these elements have 

considerable significance with respect to theories 

of nucleosynthesis in the stars and to theories 

relating to the evolution of the me.teori tes 3 it was 

decided to determine them in a wide variety of natural 

materials 3 including meteorites, separated meteoritic 

phases, tektites, rocks, and deep-sea sediments. 

Techniques for the determination of all these elements 

by means of neutron activation analysis have been 

developed. For several elements a significant number 

of analyses have been completed. Only preliminary 

data have been obtained to date on cadmium and antimony. 

Procedures have been developed for the determ~nation of 

tin, but no data has been obtained to date. 

EXPERIMENTAL 

General Techniques 

Stony materials are powdered in an agate 

vibration ball mill and packaged in small quartz vials 

for irradiation. Check determinations with unpowdered 

chunks are made to make certain no contamination is 

introduced in this step. Pmldering is desirable in 

order to speed the rate of dissolution of the sample 

in acids following irradiation. Where sufficient 

sample is available, a composite of small interior 

chunks free of all evidence of weathering is selected 

for powdering. Iron meteorites are sampled by cutting 

small pieces from the unweathered interior with a hack 

saw. These pieces are etched with aqua regia both prior 
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to, and after irradiation, to minimize the possibility 

of contamination from the cutting blade. In general, 

the samples used for irradiation range in size from 

0.5 to 1 gram. 

Flux monitors~ consisting of high purity 

aluminum foils on to which have been evaporated 

aliquots of standard solutions of the elements to 

be determined, are wrapped around the sample vials. 

The irradiation unit is then placed in a standard 

aluminum irradiation can for reactor irradiation. 

Irradiation 
\ 

The samples described herein were irradiated 

in the CP-5 reactor at Argonne National Laboratory. 

Most of the irradiations were in the isotope tray 

position where the flux is of the order of lol2njcm2/sec. 

In some cases fluxes as high as 3 x 1013 n/cm2jsec were 

used. Irradiation times varied from one day to two 

weeks, depending on the element to be determined and 

its estimated abundance. Neutrons in the isotope tray 

position are almost entirely therma1ized. 

Radiochemical Separation Procedures 

With the exception of platinum, all of the 

elements determined in this. work were individually 

separated from the irradiated meteorite matrices by 

means of carrier techniques and radiochemical separations 

based largely on solvent extraction and ion exchange. 

All of the procedures developed were found to be capable 

of chemical yields well in excess of 50%, although 
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yields for individual analyses were occasionally lower. 

Platinum was determined simultaneously with gold by 

counting only the gold extracted from the irradiated 

sample. Details of this determination are described 

in the section on counting procedures to follow. 

Radiochemical separation of zirconium and hafnium

After irradiation with thernal neutrons, the meteorite 

samples are dissolved ln mixtures of various concentrated 

acids, and aliquots of standard zirconium and hafnium 

carriers are added t? permit determination of the 

individual chemical yields. The fluoride complexes of 

zirconium and hafnium are then absorbed on a Dowex 1, 

X-8, anion exchange column from a 10 M HF solutio~ 

while the bulk of the major contaminating activities 

are not absorbed. Zirconium and hafnium are simul

taneously eluted from the column with 4 M HCl~ 

Separation of zirconium from hafnium is effected by 

means of solvent extraction. This separation consists 

of extraction of zirconium from a 2 M HC104 solution 

into 0.025 M thenoyltrifluoroacetone i~ benzene. Hafnium 

remains in the aqueous phase. After back extraction of 

zirconium into 10 M HF, zirconium and hafnium are each 

precipitated with an aqueous solution of mandelic acid. 

The zirconium and hafnium tetramandelates are ignited 

to the oxides at 800°C. 

Radiochemical sepaPo.tion of tin, cadmium and antimony

After irradiation, individual carriers for each of these 
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elements are added and tl1e sample is dissolved in HF 

and aqua regia and finally made up to 0.3 M in HCl. 

All three elements are precipitated as sulfides by 

the addition of H2 S. The sulfides of antimony and 

tin are dissolved in excess 3M KOH. The precipitate 

which is separateq is largely CdS. The sulfides of 

tin and antimony are reprecipitated from the supernatent 

KOH solution by the addition of HCl. The precipitate 

containing Sb 2 S3 ~nd SnS 2 is redissolved in concentrated 

HCl, H2 S removed by heating, diluted with distille.d v1ater, 

and treated with a saturated solution of hydrazine 

hydrochloride. One ml of 48% HF is added to complex 

the tin and the sulfide of antimony selectively precipi

tated by the addition of H2 S. The antimony is prepared 

for counting by dissolving the sulfide in concentrated 

HCl, expelling the H2 S by heating, and reducing it to 

the free metal with a freshly prepared solution of 

chromous chloride. It is weighed and counted as the 

metal. 

The solution containing the tin is treated with 

a 5% solution of boric acid to destroy the fluoride 

complex and tin 1s precipitated as the sulfide by the 

addition of H2 S. The tin is prepared for counting by 

dissolving the sulfide in concentrated HCl, expelling 

the H2 S by heating, and reducing it to the free metal 

with a solution of chromous chloride. It is weighed 

and counted as the metal. 
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The precipitate containing CdS is dissolved in 

concentrated HCl and heated to expell H2 S. Approximately 

0.2 gram of tartaric acid is added to the solution and 

the pH adjusted to 13.0 with 0.1 M NaOH. The cadmium 

is extracted from this solution with an equal volume of 

a solution of dithizone in chloroform (0.75g/ml). Cadmium 

is back-extracted into an equal volume of 0.1 M HCl. The 

solvent extraction step is recycled several times. Cadmium 

is prepared for counting by adding H2 S04 and evaporating 

the above solution to S03 fumes and finally electroplating 

it as the free metal onto a tared copper foil for four 

hours at approximately 4 to 6 volts. 

Radiochemical separation of tantalum and iridium

After irradiation the sample is dissolved in a mixture of 

acids, including HF and aqua regia, in the presence of 

carriers for. tantalum and iridium. The solution is made 

up to 10 M \<Tith respect to HF and a drop of KMn04 added. 

It is then introduced into a Dowex 1, X-10, anion exchange 

column. The column was pretreated with distilled water, 

a dilute solution of eerie sulfate, and excess 10M HF. 

Tantalum and iridium are both adsorbed. After washing 

the column with excess 10 M HF the tantalum is eluted 

with a solution of 1 M HF-4 M NH4 Cl. Iridium r':'mains 

on the column. 

The solution containing tantalum is brought to 

pH 8 with a concentrated solution of KOH which causes 

the tantalum to precipitate as the hydrous oxide •. 
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~his precipitate is washed with a NH4 0H-NH4 NOs solution 

and with several 10 ml portions of fuming nitric acid. 

The hydrous oxide of tantalum does not dissolve in the 

fuming nitric acid. The precipitate is then dissolved 

in 6 M H2 S04 -0.4M EEi' and tantalum extracted into an 

·equal volume of diisopropyl ketone. Tantalum is back 

extracted into distilled water and precipitated, as the 

hydrous oxide, with NH4 0H. The precipitate is washed 

with NH4 0H-NH4 N03 , distilled water, and acetone and 

slurried onto a tared platinum foil. The foil is 

heated over a Meker burner to convert the hydrous 

oxide to Ta 2 05 , in which form the tantalum is weighed 

and counted. 

Iridium is eluted from the anion exchange column 

with 100 ml of a 3% solution of hydroxylamine hydro

chloride followed by 100 ml of 8 M HCl. The excess 

reducing agent is destroyed by the addition of 30% 

hydrogen peroxide. The volume· of the solution is 

reduced to 10 ml by evaporation in order to expell 

excess HCl. After dilution with distilled water, zinc 

powder is added slowly until all reaction ceases. The 

slurry is boiled in the presence of exce·ss zinc powder 

for 5 minutes. Iridium is precipitated as a free metal. 

The excess zinc is removed by boiling with HCl and aqua 

regia. Iridium does not dissolve in aqua regia at an 

appreciable rate. Finally~ the precipitated iridium 

metal is prepared for weighing and counting by washing 
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it in hot concentrated acetic acid (to remove coprecipitated 

HgO), distilled water, and absolute ethanol. The finely 

divided metal is best filtered .ant;o· a fine-pore glass 

fiber filter paper. 

Radiochemical separation of gold- The irradiated 

samples are dissolved in a mixture of acids in the presence 

of an aliquot of a gold carrier solution. The chloride 

complex of gold is adsorbed from a 0.1 M HCl solution 

onto a Dowex 2 anion exchange column. The bulk of the 

contaminating activities.are not adsorbed. Gold is 

eluted with a 0.1 M solution of thiourea, which is also 

0.1 M in HCl. The gold is further purified by solvent 

extraction into ethyl acetate from a solution which is 

6 M in HCl. The gold is put into its final weighing form 

by reducing it to the metal from aqueous solution with 

hydroquinone. Chemical yields of 70% are generally 

obtained. 

Counting Procedures- Data relating to the properties 

of the stable target nuclides and their radioactive 

isotopes produced in the nuclear reactor by the (n, ~(') 

process are summarized in Table 1 for the determination 

of the elements Zr, Hf, Sn, Cd, Sb, Ta, and Ir. The 

properties of the nuclides involved in the determination 

of Au and Pt are summarized in Table 2. It is to be 

noted that platinum and gold are determined simultaneously 

by counting only the gold extracted from the irradiated 

sample together with flux monitors prepared individually 
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TABLE 1 

Properties of Target and Product Nuclides. 

TARGET % ABD --- n, ~(- PRODUCT H ~ 's -Mev \,..i b 

zr94 17.4 0.076 zr95 65 d 0.76 

Hf180 35.2 10 Hfl81 46 d 0.0057, . . 
0.132, 
0.345, 0.48 

Sn112 0.96 1.3 Snll3 118 d 0.39(Inl13m) 

Cd114 28.9 0.14 cdl15 43 d 0.945 

Sbl23 42.8 2.5 Sbl24 60 d 0.603., 1.69 

Tal81 99.9 19 Ta182 115, d 1.12, 1.22 

Irl91 37.3 700 Irl92 74 d 0.317, 0.468 
0.613 

TABLE 2 

Properties of Nuclides Involved in Determination of Au and Pt. 

,_,. .... 
Au197(100%, 96 b) -~!~--------~ 198 2.7 d 

Au -----------7 0 ~41 Mev (( 

Ptl98(7.2%., 3.9 b)-~!-~--------7 Pt199 

199 30 m 
Pt ------------~-----+ Aul99 + (3 y" 

) u 

Au199 ___ ~~~2-~---------7 0.16 Mev J/ * 

* Aul99 spectrum is corrected for contribution made by 
double neutrom capture on Au197 • 
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from standard gold and platinum solutions. Radioactive 

Pt199is produced from stable Pt 198 by the (n, ~) reaction, 

during irradiation. The Pt199 undergoes radioactive decay 

to form its radioactive daughter Aul99. This radionuclide 

is extracted chemically along with the gold carrier and the 

radioactive Au198 formed by the (n, ~)reaction on stable 

Au 197. Au199 is easily distinguished from Aul98 by means 

of ga~~a-ray scintillation spectroscopy and pulse-height 

analysis. Appropriate corrections are made on the Aul99 

counting rate for the contribution made by double neutron 

capture on stable Au 197. As is .. · the case for all analyses, 

abundances are calculated by comparison of the areas 

under the ga.."l111la-ray photopeaks for the radionuclide 

derived from the sample (corrected for chemical yield) 

and the same radionucli.de produced on the standard flux 

monitors. The "clean" spectra obtained for :.m;q:st,;I.Qf the 

elements investigated is indicative of a high degree of 

radiochemical purity. 

The counting system used i.n all this work consisted 

of a 3" x 3" Nai(Tl) crystal scintillation detector coupled 

to a 400-channel T.M.C. transistorized pulse-height 

analyzer with I.B.M. typewriter output. Counting times 

were such that errors due to counting statistics were 

negligable. 

It should be noted, that for several elements a 

higher sensitivity could have been obtained by counting 

shorter-lived radionuclides produced in the irradiation. 

'· 
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However, the rather long shipping time involved in 

bringing the samples to the laboratory dictated the 

choice of the products indicated in Table 1. 

DATA 

Data for the abundances of zirconium, hafnium, 

tantalum, iridium, gold, platinum, antimony, and cadmium 

., in natural materials are summarized in Tables 3 through 7. 

The few data for platinum> antimony, and cadmium must be 

regarded ~ preliminary and are subject to revision. Until 

the techniques have been more thoroughly checked by 

replicate analyses, the data for these three elements 

may safely be considered. as order of magnitude determina-

tions only. 
) 

For· .all other data, the maximum accountable 

error is of the order of 8% or less. 

Some of the data for zirconium, hafnium, and 

iridium in these tables have been previously published 

(EHMANN AND SETSER., 1963 ;· RUSHBfiQQK AND EHMANN; 1962) 

and are included for completeness. 

DISCUSSION 

The elements in the heavy mass region are of 

particular interest to investigators studying the process 

of nucleosynthesis in stars. These elements are produced 

largely by neut~on-capture reactions; taking place either 

on a fast (r-process ). or slow (s-process) time scale 

(BURBIDGE·: BURB.ID~E., FOWLER, AND HOYlE, 1957). 

Chondritic meteorites are generally accepted as the 

best available sample for the relative abundances of the 

' 
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TABLE 3 

Zirconium and Hafnium·.= Abundances 

Chondrites ppm Zr pym Hf Zr/Hf 

A bee 35 0.] 7 200 
Bruderheim 40 0.23 170 
E1enovka 40 0.19 210 
Forest City' 37 0.21 180 
Harleton 41 0.26 160 
Lake Labyrinth 20 0.11 180 
Mocs 28 0.13 220 
Plainview 31,32 0.23,~0.21 130;150 
Pu1tusk 38,~36 0.16,0.15 240,240 

Achondrites 

Johnstown 26 0.16 160 
Pasamonte 32 0.21 150 

Siderites 

Sikhote-A1in 1.6 0.008 200 

Meteoritic Troi1ite 

.Canyon Diablo 6.3 0.03 210 

Deep-Sea Sediments 

Mid-Pacific-38 (12-16cm) 151 4.4 34 
·Argentine Basin, V-18-35 72 1.4 51 

(675 em) 

Tektites 

Australite (Mt. Vernon) 403 9.6 42 
Philippinite (Anda) 201 5.9 34 
Thailand (Kan Luang Dong) 381 11 35 

Standard Rocks 

G-1 208 5.0 41 
W-1 92 6.2 15 

• 
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TABLE 4 

Tantalum Abundances 

Chondrites 

Bruderheim 
Cynthiana 
Elenovka 
Forest City 
Long Island 
Murray (carbonaceous) 
Plainview 

Achondrites 

Cumberland Falls 
Norton County 
Pasamonte 

Siderites 

Odessa 
Sikhote-Alin 
Williamstown 

Meteoritic Troilite 

Canyon Diablo 

Meteoritic Olivine 

Springwater 

Deep-Sea Sediment 

Mid-Pacific-38 (12-16 em) 

Tektites and Related 

Philippinite-Isabella 
Thailand (Kan Luang Dong) 
Thailand-unstrained type 
Soil from Thailand site 
Darwin Glass 

ppm Ta 

"V 0.04*_, 0.017 
0.021 

0.012, 0.011 
0.027 
0.031 
0.017 

0.022;. 0.022 

< 0.01 
rv0.004 

0.12 

-..-.o .ooo5 
I'"'Jo. 001 

0.0027 

0.0039 

0.0039 

0.58 

0.73 
0.56 
0.61 
0.72 
0.63 

*Low chemical yield on this determination. 
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TABLE 5 

Irj.dium Abundances 

Chondrites 

A bee 
Bruderheirn 
Cynthiana 
Elenovka 
Forest City 
Harleton 
Ioka 
Kunashnk 
Long Island 
Murray (carbonaceous) 
Ochansk 
Penokee 
PJ.ainview 
Pultusk 

Achondrites 

Cumberland Falls 
Johnstown 
Pasamonte 
Shallowater 
Shavl 

Siderites 

Canyon Diablo 
Clark County 
Odessa 
Sikhote-Alin 
Williamstown 

Meteoritic Troilite 

Canyon Diablo 

Meteoritlc Olivine 

Springwater 
Reep-Sea Sediments 

Mid-Pacific-38 (12-16 em) 
Tektites and Related 

Philippinite-Isabella 
Thailand (Kan Luang Dong) 
Thailand (unstrained type) 
Soil from Thailand site 
Darwin Glass 
Standard Rocks 
G-1 
W-1 

ppm Ir 

0.083 
0.47,0.51 
0.21 
0.33,0.32 
0.50,0.57 
0.45 
0.49 
0.54 
0.50 
0.42,0.33,0.38 
0.51,0.51 
1.67 
0.47,0.50 
0.55,0.57 

0.002 
0.11>0.005 
0.022 
0.14 
0.13 

1.49 
0.79 
2.02 
O.Oli+ 
2.35 

0.002,0.001 

0.003 

0.0003 

0.018,0.006 
0.011,0.002 
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Chondrites 

Atlanta 

Bruderheim 

Elenovka 

Forest City 

Harleton 

Richardton 

Siderites 

Sikhote-Alin 

I 
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TABLE 6 

Gold and Platinum Abundances 

ppm Au 

0.34 

0.17 

0.17 

0.21, 0.26 

0.15' 0.18 

0.26 

1.26 

ppm Pt* 

2.2 

0.9 

2.0, 1.5 

0.7, 1.2 

1.7 

4.1 

*Preliminary data subject to revisionJ as described in the text. 

TABLE 7 

Antimony and Cadmium Abundances 

Chondrites ppm Sb* ppm Cd* 

Bruderheim 1.5 

Forest City 0.07 

Richardton 0.05 

*Preliminary data subject to revision, as described in the text • 
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non-volatile elements in the solar system (SUESS AND UREY, 

1956). Hence, the so-called scale of "cosmic abundances" 

is largely derived from elemental abundance determinations 

on the chondritic meteorites, coupled with data from 

stellar and solar spectra. Many of the earlier experi-

mental data for the heavy elements do not fit the 

predictions of current theories of nucleosynthesis. 

CLAYTON 1 FOWLER, HULL, AND ZIMMERMAN (1961) note that 

it is necessary to lower the experimental abundances in 

the region from hafnium through gold by a factor of 2.5 

in order to fit their predicted abundance curves. Since 

it had been previously shown that many of the older 

abundance determinations in this area of the periodic 

table were in error, due to laboratory and reagent 

' contamination, redetermination of these elements by 

activation analysis should show whether chondrites fail 

to be representative samples for "cosmic abundances" in 

this region, or whether the fault was in the earlier 

analyses. 

Table 8 compares the experimental atomic abundances 

obtained in this work {based on the analyses of chondrites) 

with the earlier experimental work (and interpolations), 

as summarized by SUESS AND UREY (1956). In the cases of -

hafnium, tantalum, and iridium it appears that the new 

analyses do yield abundances, a factor of 2 to 4 times 

lower, as predicted by CLAYTON, et al (196i). In the 

heavy element region, however, the limited data obtained 

to date on gold and platinum are very close to those from 



Element No. of 

Zr 

Hf 

Ta 

Ir 

Au 

Pt 

Cd 

Sb 
,:.• 

• 
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TABIE 8 

Summary of Abundance Data in Chondrites 
· ··1.;.~::··Ato~1c Abundan~es (Si~l06) 

SUESS AND UREY 
Analyses 

~1 

11 

9 

22 

8 

7 

1 

2 

.!i 

.. 

,. 
I· 

Avg. ppin This Work (1956) 

,. 
-~~ 

56 

0.16 

0.017 

0.39 

0.17 

1.2 

2.0 

0.07 

54.5 

0.438 

0.065 

0.821 

0.145 

1.625 

0.89 

0.246 
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earlier analyses. In addition, a serious discrepancy 

between the experimental determinations of this work 

and theory is found in the case of zirconium. CLAYTON, 

.·· et __ al (1961) predict an atomic abundance of 21.8 (Si=l06) 

for zirconium~ while the experimental average obtained in 

this work based on chondrite analyses is 56 (Si=l06). 

Previous activation analysis data by MERz· (1962) and 

emission spectrographic data by PINSON, AHRENS, AND 

FRANCK (1953) are in good agreement with this experimental 

.average. SCHMITT (1962) has reported a zirconium atomic 

abundance of 23 (Si=l06), based on activation analysis 

of four chondrites. This latter res~lt, while in good 

agreement with theoretical predictions, is markedly 

different than all previously published data. Based on 

the data presented in this paper and the data of PINSON, 

et al (1953), using an independent method of analysis, 

it must be concluded that either the chondrites are not 

representative samples for the determination of the 

"cosmic abundance" of zirconium, or that the theoretical 

predictions are inadequate. Further work is necessary 

to resolve this question. 

MERZ (1962) also determined hafnium in chondrites 

by activation analysis. His average of 1.4 ppm for five 

chondrite is seven times higher than the average obtained 

in this work by the analysis of eleven samples. The average 

atomic abundance obtained 1n th~work is 0.19 (Si=l06) 

which is in good agreement with the prediction of 0.175 

(Si=l06) by CLAYTON, etal. (1961). The chemical procedures 
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used by Merz did not specifically separate zirconium 

and hafnium. Chemical yields for both elements were 

calculated only on the basis of the amount of zirconium 

carrier added. Fractionation of zirconium and hafnium in 

the procedures used by Merz may account for the differing 

results. 

The fact that several of the heavy elementss such 

as gold and platinum) appear to have chondritic abundances 

much higher than predicted on the basis of theories of 

nucleosynthesis, suggests that the r-process which is largely 

responsible for their formation may not be weighted heavy 

enough in calculations of "cosmic abundances" in this 

region. It is hoped that additional data will help to 

resolve these questions relating to "cosmic abundances", 

as well as various questions on the mode of formation of 

the meteorites. Detailed discussions of these matters will 

be included in papers to be prepared upon conclusion of 

these studies. 

Finally, it is of interest to note in Tables 3,4, 

and 5 that the abundances of zirconium, hafnium, iridium, 

and tantalum in tektites are quite similar to those in 

deep-sea sediments and soils. A somewhat similar situation 

was found in this laboratory for tungsten abundances 

(AMIRUDDIN AND EHMANN, 1962). It is evident that the 

zirconium to hafnium ratio in the tektites (37) is quite 

different than the ratio in all types of meteorites (190), 

but similar to that in sediments (43) and granitic rock 

(41). This. suggests that, if the tektites are not of 
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terrestrial origin, their parent bodies must have 

undergone geochemical differentiation of a type very 

similar to that of the earth. This fact in itself 

puts rather severe restrictions on theories relating 

to the origin of the tektites. It might also be noted 

that in the case of tungsten, tantalum, and iridium, 

abundances in tektites are very similar to those in 

Darwin Glass. Darwin Glass is generally accepted as 

material produced in a meteorite impact with the earth's 

crust. It is hoped that additional data will help to 

shed some light on this problem, as well. 
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