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Molecular Activation Analysis for Iridium

CHAICF KONGP MAOXYand MASL

Institute of High Energy Physics and Laboratory of Nuclear Analysis Techniques,
the Chinese Academy of Sciences, P. O. Box 2732,Beijing,100080,China

Abstract

Molecular activation analysis (MAA) of iridium in geological samples, based on a combi-
nation of a newly-developed chemical sequential dissolution method and radiochemical and in-
strumental NAA, was described to study the distribution pattern and chemical species of iridi-
um in various fractions (soluble carbonate, metal, sulfide, oxide, silicate and acid-insoluble
residue) of geological boundary samples , meteorites, ultrabasic rock and volcanic lava. The
correlations of Ir with Au, Os, siderophile, chalcophile and lithophile elements were dis-
cussed. In addition, the role of kerogen and noble-nugget in the Ir enrichment was scruti-
nized. The MAA results of Ir favor a mixed effect of asteroid impact, volcanic eruption and

post-depositional redistribution to interpret the extant Ir anomaly at Cretaceous-Tertiary

boundary layer.

Molecular activation analysis (MAA) has been widely used in environmental and biomedi-
cal fields to study the chemical species of trace elements in various tissues, body fluids, soil and
water samples' ™). The main trace elements of interest are selenium™,chromium!*?,arsenict!,
REE!, mercury!”,etc. However, little work was done in MAA of geological samples, main-
ly because of difficult separations for them. More than 10 years have passed since ALVAREZ
et al. "l first found the Ir anomaly at two Cretaceous-Tertiary (K-T) boundary clay samples
from Denmark and Italy. However, although a large number of experimental results have been
accumulated, none of them, including shock-metamorphic quartz, microspherules, 1sotopic
composition, amino acid, etc. , is exclusive. Currently, there are still several different models
to interpret the origin of anomalous Ir. One typical example is that Van Valen®'cited 10
pieces of evidence for the extraterrestrial impact model, but also listed 15 pieces of evidence a-
gainst it. At present there are 3 main models about Ir anomaly, i.e. extraterrestrial, volcanic
and geochemical. Due to the relationship of the origin of anomalous Ir with its chemical
species, we attempted to reveal the Ir species in samples of interest by using a newly-developed
molecular activation analysis procedure for Ir.
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1. Basic thoughts of Ir-MAA

The Ir-MAA is based on the following five possible iridium species in nature according to
the known chemical behaviors of Ir. (1) A compound of Pt-group elements. In some cases Ir
in extraterrestrial matter may exist in a form of noble nugget™], which consists of Ir as a pure
metal or with other noble metals in a binary or polynary alloy. 1f the extraterrestrial impact
model is valid, Ir may have been enriched in such a nugget via a series of physical and chemical
differentiation process at high temperature and pressure produced at the time of the entry of
extraterrestrial matter into the atmosphere and its collision with the earth. (2) Due to its
siderophile nature, Ir may exist in a Fe-Ni metal phase, a main host of Ir in meteorites. (3)
Also, being chalcophile, Ir is present as sulfide. (4) Ir forms soluble complex ions. Ir belongs
to the third long-period transition elements, owing to an incompletely filled d-orbit with strong
complexing ability. In the marine system, Ir is easily able to form complex ions with chloride
ions. (5)Combined with organic matter, Ir is present in kerogen, as reported by KUCHA['#
in the Cu-bearing shale at Zechstein . DISSANAYAKE and KRISTOTAKIS!' determined
the high content of noble metals at ©g/g levels from recent algae mats. Recently, SCHMITZ
et al. " found about 50 % Ir enriched in the organic matrix. In case of the volcanogenic origin
of Ir, sulfide is likely the main species. If the geochemical enrichment of Ir is valid, it should
predominantly exist in soluble ions, sulfides and /or organic matter. If anomalous iridium
mainly originates from the extraterrestrial matter, its chemical species should be the first one ,
i-e. a compound of Pt group metals. Ir would exist in the acid-insoluble phase, because of its
high chemical inertness and strongly acid-resistant propertie;s. Thus, Ir-MAA will, doubtless-

ly, help us elucidate the origin of anomalous Ir.

2. Chemical procedure for Ir-MAA

WOLBACH et al. ') and SCHMITZ et al . "' studied the HF-insoluble residue by simple
treatment of K-T boundary samples with HCI, and HF to remove carbonates and silicates in
them. As mentioned above, we attempted to study the chemical species of Ir by the MAA pro-
cedure. Evidently, our purpose is different from theirs. For that reason we had to develop a
chemical procedure of Ir MAA without disturbing primary Ir species in the samples. Indeed,
some authors introduced physical methods for it, but none of them are appropriate for very fine
clay samples, thus we have developed a new chemical method with a series of leachants with
various concentrations under different conditions. As a principle, a leachant must be capable of
selectively attacking and quantitatively extracting elements present in one particular phase re-
gardless of other phases present. While a particular phase of interest in a multiphase system is
completely dissolved, the rates of dissolution of other phases present must be negligible. Its ba-

sic steps are as follows. (1) Remove carbonate and other soluble components in geological sam-
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ples by using citric acid and ascorbic acid at 36 'C. (2) Dissolve metal phase with hydroxy-
lamine and citric acid at pH=5 and reflux for 8—10 min. (3) Extract sulfide by Br-saturated
water at room temperature. (4) l.each oxide by 6 mol/l. HCl and reflux for 20 min. (5) Fi-
nally, dissolve silicate by 40 %HF at 120 'C. The remaining fraction is called the residue
phase. The detailed Ir-MAA procedure has been published elsewhere*¢3,

The radiochemical NAA based on a long-chain primary amine extraction!’” and instru-
mental NAA were used to determine the contents of Ir and other trace elements in various
phases of the samples of interest, including some K-T boundary samples at Stevns Klint, Den-
mark, Montana and Colorado, USA, and Morgan Creek, Canada, meteorites, ultrabasic rock
and volcanic lava at Kilauea, Hawaii. The analytical error for the Ir determinations ranges
from 10 to 20 %, while itis 5 %—10 % for other elements. The DINO-1 prepared by the
LLawrence Berkeley Laboratory, USA, was used for analytical quality control. The contents of
light elements were analyzed by a combustion method and X-ray diffraction and ECAX spec-
trometry were used to investigate the mineral and chemical composition of minute particles in

the residue phase.

3. Results and discussion

3. 1 Phase distribution of Ir and other trace elements in K-T boundary,

meteorite, ultrabasic rock and volcanic lava

We determined the phase distribution patterns of Ir and other trace elements (Au, Ni,
Co, Fe, As, Sb, Se, Zn, Cr, Sc and Th) in the K-T boundary samples at Stevns Klint,
Morgan Creek, Montana and Colorado, the Ninggiang carbonaceous chondrite (CV3), the
Baoxian chondrite (1.I.4) and the Shuizhou chondrite (1.5), an ultrabasic rock from
Xingjiang, and volcanic lava from Kilauea, Hawaii, by our MAA procedure. Table 1 lists the
results of the Stevns Klint K-T boundary. It can be seen from Table 1 that the Ir content in-
creases from 13.8 X107 °g/g in the bulk rock t0 162 X 107°¢/g in the residue phase, i.e. Ir
enrichment factor of 11. 7 relative to the bulk rock, being in good agreement with 11. 8 of
SCHMITZ et al. "), Furthermore, the relative percent of Ir in the residue phase is 54. 5 %,
also similar to their 47 %. Comparing with their work, we not only studied the distribution
patterns of Ir and other elements in the residue phase, but the distributions in other phases. It
is evident from Table 1 that Ir in the Stevns Klint sample is mainly present in the residue phas-
es, followed by metal, silicate, oxide, carhonate and sulfide. Interestingly, no Ir exists in the

sulfide phase at all.

Because the Stevns Klint K-T boundary is a marine sediment, we have also studied sever-

al continental K-T boundaries. Fig. 1 compares the distribution patterns of 3 continental K-T
boundaries, i.e. Montana, Colorado and Morgan Creek. It is clear from Fig. 1 that the acid-
insoluble residue phase is the main host {or all K-T boundaries, no matter whether they are
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marine or continental. It indicates that the anomalous Ir has no relation to the sedimentation
environment, i. e. the geochemical factor does not play any important role in the Ir enrich-

ment.
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Fig. 2 Distribution patterns of Ir in ultrabasic rock and volcanic lava

Figs. 2 and 3 show the results for 3 types of meteorites, an ultrabasic rock and a voleanic
lava. It can be seen that Ir is mainly distributed in the sulfide phase in the ultrabasic rock, a
representative of the upper mantle, then in the metal and silicate in decreasing order. As men-
tioned above, the K-T boundary samples have no Ir in their sulfide phase. Furthermore, the
percent content of Ir in the residue of the ultrabasic rock is as low as 5 %, which is also re-
markably different from the K-T. As to the Hawaii volcanic lava, its Ir mostly exists in oxide
and silicate phases (=70 %), while only 10 % of Ir is in the residue phase. These results do
not support the voleanic origin of anomalous Ir. In our previous paper'®!, the difference be-

tween ultrabasic rock and volcanic lava has been discussed.
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Fig. 3 Distribution patterns of Ir in three types of chondrites

Significantly, the Ir distribution pattern of the Ninggiang chondrite is quite similar to the
K-T, while different from ultrabasic rock and voleanic lava. This result favors the model of
the extraterrestrial impact on the earth causing the Ir anomaly. However, it can be found by
careful comparison that the content of Ir in the K-T residue is 20 % higher than that of
Ninggiang, while the sulfide and metal phases show the contrary tendency. A possible inter-
pretation is that during the high temperature and pressure caused by the impact event, Ir may
have been migrated from the sulfide and metal phase into the refractory phase via oxidation**2.

As for the two ordinary chondrites (Baoxian and Suizhou), their relative percent of Ir in
the residue phase is below 3 % , which is significantly different from the K-T. Based on the Ir
species obtained by the Ir-MAA procedure, it seems to indicate that carbonaceous chondrites
might be a source matter resulting in the Ir anomaly of the K-T boundary, if the impact model

is valid.

3. 2 Correlation of Ir with Au and Os

The ratios of Ir/Au and Ir/Os can be used as Table 2 Ratios of Ir/Os in various phases

indicators of extraterrestrial matter'®. Table 2 of K-T boundary,Stevns Klint
lists the ratio values of Ir with Au and Os in vari- Phase Ir/Au  Ir/ Os
ous phases of the K-T boundary at Stevns Klint, Bulk 1.50--3.3 1.39

~arbor 0.
Denmark. It can be seen that the K-T bulk rock ('a;A n?te o é?

eta .

has the Ir/Os of 1. 39 and the Ir/Au of 1. 5—3. 3. Oxide
Significantly, its residue phase has the similar ra- Sulfide
tios (1. 02 of Ir/Os and 2. 03 of Ir/Auw). It is well- Silicste

Residue 2-03 1. 02
known that the solar Ir/Os and Ir/Avu ratios are SCHMITZ et al. 557
1.0 and 3.3 ,respectively®J, while the terrestrial ra- Solar 3.3 1.0
tios are 0. 04 and 0. 02073, The Ir/Os and Ir/Au Terrestrial 0. 02 0.04

Note:--means no data.

ratios of the residue phase of the K-T boundary



are close to the solar ones, which states that these elements are present in the same species and
supports the cosmogenic origin of anomalous Ir.

FISENKO et al. ®* reported the Ir/Au ratios in the range of 0. 75 to 330 in the acid-insol-
uble phase from the Efremovka carbonaceous chondrite, being in accordance with ours.

The Ir/Os and Ir/Au ratios in other phases (carbonate, metal , oxide , sulfide and sili-

cate) differ from the solar ones, which indicates their terrestrial source.
3. 3 Correlation of Ir with siderophile,chalcophile and lithophile elements

In our previous paper®), we mentioned the positive relationship of Ir with siderophile and
chalcophile elements in the K-T boundary bulk samples at Stevns Klint. However, by our new
MAA procedure we found no correlation between their chemical species (see Fig. 4). It is evi-
dent that the siderophile elements, e. g. Co, mainly exist in the metal phase, while the chal-
cophile elements, e. g. Sb, are present in the metal and sulfide phases. As to the lithophile ele-
ments, the main host is oxide. The unique distribution pattern of Ir implies that it may exist as

a compound with other Pt-group elements, favoring the cosmogenic origin of anomalous Ir in

the K-T boundary.
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Fig. 4 Elemental phase distribution patterns of the Fish Clay K-T
boundary samples. Stevns Klint. Denmark

3. 4 Ir and kerogen

In his study of the anomalous Ir in the Fish Clay K-T boundary, SCHMITZ et al. ['
claimed that the remaining Ir is mostly present as a metallic organocomplex after the strong
acid treatment. But they did not analyze the residue phase. Thus, we used a combustion
method to determine the contents of C,H and N in the residue phase of the Danish K-T
boundary samples, Concentration of 33 %—35 Y% for C, 2.2 %~—2.6 % for Hand 0. 9 2e—

3.8 % for N in the Fish clay K-T residue phase lie well in the range of the kerogen'®). But
&



the contents of C, H and N for the Montana K-T residue are 3.3 %4—5.0 %, 1.9 %—2.0
% and 0.3 %, respectively. Such a low carbon content indicates little or no relation between
the residue and kerogen. Thus, kerogen is probably not required for Ir enrichment, i. e. the Ir

. . . . . -
anomaly is not necessarily associated with the organic matter!'¥.

3.5 Ir and the noble nugget

We found a spherule with a 0. 1 um diameter whose compositions were Ir (5 % ), Os ( 5
%) and Rh (90 %) in one K-T residue phase by the method of transmission electron mi-
croscopy and EDAX!"® and calculated the probability of finding this kind of spherule. We sug-
gest that the spherule of noble metals was formed under the conditions of high temperature and
pressure caused by an impact of extraterrestrial matter on the target. This provides further evi-

dence for the cosmogenic origin of anomalous Ir.

4. Summary

The conclusions drawn by our results on the basis of the new molecular activation analysis
of Ir and other ¢lements are as follows.

(1) The anomalous Ir of the K-T boundary mainly originates from extraterrestrial mat-
ter, likely from a body having the chemical composition of carbonaceous chondrite, e. g. type
C asteroid. About 74 % of the asteroids in the asteroid belt belong to this class.

(2) A volcanogenic origin of the excess Ir at the K-T boundary seems to be rejected, al-
though volcanic activity must have participated in the extinction event at the end of the Creta-
ceous.

(3) The organic matter in microorganisms , such as algae and bacteria, certainly played a
role during the enrichment of Ir at the K-T boundary in marine sediments, but their role may
have been insignificant in continent sediments. Moreover, this Ir enrichment by secondary
geochemical processes probably mainly derives from decomposed extraterrestrial debris and dust

formed at the impact event.
EE I S
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Abstract

The ion exchange behaviour of Au and Pt on a new China-made macropore anion resin
was studied using radiotracer technique. The conditions for adsorption and desorption, such as
acidity, flow-rate and cocentration of desorpting agents were studied carefully. Using the es-
tablished method, the contents of Au and Pt in two Chinese ultrabasic SRMs were determined

by ICP-MS and the results found in good agreement with the reference values.

Keywords: Radiotracer technique Au and Pt  Adsorption and desorption HHY-10A

macropore resin  ICP-MS

1. Introduction

With an average concentration of 5X 107°"") in the earth crust, platinum belongs to the
category of the most rare naturally occurring elements. The omnipresent concentration of plat-
inum in environmental and biological samples is estimated to lie in the 1072 region, or even
lower. There are only very few reliable data available about it, simply for the reason that no
analytical procedures with sufficient detection sensitivity are yet existing.

Since the introduction of automobile exhaust catalytic cleaning, platinum has become a
new environmental pollutant’?). The concentration of Pt in ocean water has been reported to be
higher than that existing in fresh water!®. Thus the concentration of Pt in ocean orgnisms is
likely very high. Perhaps more and more intake of seafood will lead to an unexpected effect.
This potential new impact to human health has initiated research to develop analytical methods
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