
I+ 

GEOLOGICAL SURVEY OF CANADA 

COMMISSION GEOLOGIQUE DU CANADA 

PAPER 77-34 

STUDIES IN "STANDARD SAMPLES" FOR USE IN THE 
GENERAL ANALYSIS OF SILICATE ROCKS AND MINERALS 

PART 5: 1977 EDITION OF "USABLE" VALUES 

SYDNEY ABBEY 

Energy, Mines and 
Resources Canada 

Energie, Mines et 
Ressources Canada 1977 

aijohnso
GEOSCAN Small



GEOLOGICAL SURVEY 
PAPER 77-34 

STUDIES IN "STANDARD SAMPLES" FOR USE IN THE 

GENERAL ANALYSIS OF SILICATE ROCKS AND MINERALS 

PART 5: 1977 EDITION OF "USABLE" VALUES 

SYDNEY ABBEY 

1977 



Minister of Supply and Services Canada 1977 

Printing and Publishing 
Supply and Services Canada, 

Ottawa, Canada Kl A OS9, 

from the Geological Survey of Canada 
601 Booth St., Ottawa, KIA OE8 

or through your bookseller. 

Catalogue No. M44/77-34 
ISBN - 0-660-01505-6 

Price: Canada: $2.50 
Other Countries: $3.00 

Price subject to change without notice 



CONTENTS 

Page 

Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v 
Abstract/Resume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 

Special problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Derivation of "Usable" Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Verification of Usable Values............................................... 3 
Presentation of the Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
CCRMP - Canadian Certified Reference Materials Project . . . . . . . . . . . . . . . . . . . . . 4 
USGS - United States Geological Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
NBS - National Bureau of Standards (U.S. A.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
BCS - British Chemical Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
QMC - Queen Mary College ( U. K.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
ASK - Analytisk Sporelement Komite (Scandinavia) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
ANRT - Association Nationale de la Recherche Tec hnique (France) . . . . . . . . . . . . . 5 
CRPG - Centre de Recherches Petrographiques et Geochimiques (France) . . . . . . . 5 
IRS ID - Institut de Recherches de Ja Siderurgie (France ) . . . . . . . . . . . . . . . . . . . . . . 6 
ZGI - Z~ntrales Geologisches Institut (East Germany) . . . . . . . . . . . . . . . . . . . . . . . . . 6 
UNS - Ustav Nerostnych Surovin (Czechoslovakia)............................. 6 
LEN - Lengosuniversitet (U.S.S.R.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
IGI - Institut Geokhimii, Irkutsk (U.S.S.R.) .. . . .. . . . .. . . . .. . . . . .. . . . . . . . . . . . 7 
GSJ - Geological Survey of Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
MRT - Mineral Resources, Tanzania.......................................... 7 
NIM - National lnstitut for Metallurgy (South Africa) . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Precautionary Notes Regarding the Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
References... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Table 1. 
2. 
3 . 
4. 

Tables 

Alphabetical Listing of Samples .................................... . 
Usable Values, "Complete Analysis" (arranged geographically) ........ . 
Usable Values, Arranged by Major and Minor Components ........... . 
Usable Values, Arranged by "Trace Elements" ................ . . .... . 

11 
13 
19 
23 





FOREWORD 

The numerical data in this paper supersede all data published in earlier reports of this series. 
"Usable va lues" listed in all of the following should therefore be considered obsolete: 

1. Canadian Spectroscopy (1970), v. 15, p. 10-16. 
2. Geological Survey of Canada (1972), Paper 72-30 
3. Geological Survey of Canada (1973), Paper 73-36 
4. Geological Survey of Canada (197 5), Paper 74 -41 

Although some of the values listed in the earlier references also appear in this paper, others 
have been changed. Many additional values have been added. 

In order to avoid possible misunderstandings, readers are advised to read the text of this report 
before using the values listed in the tables. In some cases, the latest reports issued by the originators 
of the samples should be consulted as well. All are listed in the references at the end of the main 
text of this paper. 

v 





STUDIES IN ''STANDARD SAMPLES" FOR USE IN THE GENERAL ANALYSIS 
OF SILICA TE ROCKS AND MINERALS 

PART 5: 1977 EDITION OF ''USABLE" VALUES 

Abstract 

Reviews already published on the state of international reference samples of silicate rocks and 
minerals have been updated by the addition of new data and correction of errors . This review 
includes some samples which contain ce rtain elements at levels cons iderab ly different from those in 
ordinary rocks, but which may be useful in ca librat ions. Usable va lues of varying degrees of 
reliability, calcu lated on the "dry" basis, are suggested for major, minor and trace constituents in 
75 samples. 

Resume 

On a mis a date Jes etudes sommaires deja publiees su r l'etat actuel d'echantillons de roches et 
de mineraux si licates proposes comme materiaux de reference internationaux, en ajoutant des 
donnees nouvelles et en corrigeant des erreurs . Cette etude comprend quelques echantillons desquels 
les teneurs de quelques elements sont bien differentes de celles dans les roches ordinaires, mais qui 
peuvent etre utiles pour l'etalonnage. On suggere des va leurs utilisables a divers niveaux de 
certitude, basees sur la condition "seche", pour des composants majeurs, mineurs et en traces dans 
7 5 echantil !ons. 

INTRODUCTION 

In the cou rse of the last 30 years, many geo logica l 
agencies in a number of countries have prepared se lected 
samples of typical si licate rocks and minerals fo r use as 
"standard samples". General ly, the originators have distrib­
uted portions of the samples to many laboratories, most of 
which have contributed analytical results. The originators 
have then published compilations of the data. 

Two unfortunate features have characterized most of 
these programs: 

(a) An extraordinarily wide range of values has been 
reported by different laboratories for individua l constituents 
of individual samples . For example Flanagan (1969) listed 
45 results for silica in sample USGS-GSP-1, ranging from 
64.69 to 69.88 per ce nt. About two-third s of the values 
clustered between 66. 9 and 67 .5. 

(b) There has been essentia lly no co-ordination 
between different institutions regarding the selection and 
preparation of such samples, the means of attaining and 
ve rifying homogeneity, and the processing of the resulting 
highly incoherent ana lytical data . 

With the increasing demand for reference materials to 
calibrate instruments, to test new analytica l methods and to 
corre late analytical data produced by different laboratories, 
there is a great need for reliable concentration values for as 
many constituents as possib le in as many samples of va r ied 
composition as possible. Within the last year or two, 
tentative steps have been taken toward more worldwide co­
operation in the production of "standard samples" of geologi­
cal materials. Thus, T. W. Steele, of the National Institute for 
Metallu rgy, in South Africa, has set up an "International 
Study Group on Reference Materials" (ISGRM), and enlisted 
the participation of many active worke rs in the field. Almost 
simultaneously, K. Govindaraju, of the Centre de Recherches 
Petrographiques e t Geochimiques, in France, has established 
a new publication "Geostandards Newsletter", whose board of 
"Regional Editors" includes many of the same workers as the 
ISGRM. Plenary lectures, round-table discussions and indi­
vidual papers on the general topic of reference samples have 
been featured in the programs of the Colloquium Spectro­
scopicum Internationale, at Grenoble, France, in 197 5; the 
INTERAN '76 Conference on Analysis of Geological 
Materials, at Prague, Czechoslovakia, in 1976; and the 
Internationa l Symposium on Analytical Chemistry in the 
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Exploration, Mining and Processing of Materials, at 
Johannesburg, South Africa, also in 1976. 

Faced with so many discrepancies in the available 
ana lyt ical data on each sample, many originators of proposed 
"standard samples" have been understandably reluctant to 
assign dependable fixed values. In most cases, published 
compilations of data have listed all reported results, along 
with a rithmetic averages and standard deviations for each 
component of each sample . Some reports also included 
"adjusted" or "preferred" means, which were arithmetic 
averages of values remaining after eliminating those that 
differed from the crude average by more than one, two or 
three standard deviations. Occasionally such modified means 
have been recommended as "best values", although a certain 
degree of knowledgeable subjective judgment by the origina­
tors has occasionally been involved. 

Various workers have directed their attention to the 
discrepancies in the ana lytical data emanating from collabo­
rative programs. Ingamells and Switzer (1973) emphasized 
the correlation of the analytical results with sub-sample 
weight and particle size; Jaffrezic (1976) performed actual 
experiments to show quantitatively the effects of particle 
size on variabilit y of results. The "Community Reference 
Bureau" (197 5) proposed overcoming the effects of sample 
heterogeneity by preparing fused glass samples for use as 
primary standa rd s. Maessen et al. (1976) suggested that 
contributors to collaborative analyses provide statistical data 
on their methods as an aid in processing the data. Flanagan 
(1976) mentioned the on-going debate on whether sample 
heterogeneity or inter-laboratory variabilit y is the greate r 
cause of incompatible results. His data on several new 
refe rence samples from the U.S. Geological Survey suggest 
that sample heterogeneity, at most, is a minor factor. On the 
other hand, Ridley et al. (1976) reported experimental data 
emphasizing the effect of particle size on homogeneity. 
Unfortuna tel y, their work was done in only one laboratory, so 
it was not possible to compare their observed effects of 
sample inhomogeneity with effects resulting from inte r­
laboratory facto rs. 

On the basis of this writer's st1oJdies of the data 
emanating from collaborative programs originating in the 
U.S.A. (Flanagan, 1969), the United Kingdom (Poole, 1972), 
France (Roubault et a l., 1970; de La Roche and Govindaraju, 
l 973a, b), the Soviet Union (Kukharenko et al., 1968), Japan 
(Ando et al., 1971, 1974), South Africa (Russell et a l. , 1972) 
and Canada (Abbey, et a l. , 1975a) the bulk of the evidence 



points to inter-laboratory factors as the major source of 
discordant data. That is not to deny the importance of 
sam ple ho mogeneit y, sub-sample weight, fineness of grinding, 
the need to perform controlled replicate analyses nor the 
usefulness of statistical data on methods . However, prac tical 
considerat ions often necessitate some compromise in keeping 
a co llaborative program in a reasonable time-frame and 
within reasonable cost . Collaborating analysts generally work 
on proposed reference samples only when time can be taken 
from their normal activities. Where demands for such work 
involve too much time, many analysts regretfully decline to 
participate . 

It follows that the concent ration values eventually 
assigned to the many constituents of interest in a silicate 
rock or mineral reference sample can seldom attain the 
degree of reliability of those for many other materials. It is 
therefore inadvisable to depend on a single sample for any 
reference purpose - e.g . for ca libration, for comparison of 
results from different analysts, for verifying proposed new 
methods, etc. Instead, such samples shou ld be used in groups 
of at least four, where the uncertainties would tend to 
"average out" . Where possible, such groups should include 
samples originating in different institutions . 

Observations made in the cou rse of studying compila­
tions of a nal ytical data on many different "standa rd samples" 
(Abbey, 1970, 1972, 1973, 1975a) have led to certain 
conc lu sions which have met with varying degrees of accept­
ance by others working in the same field. These conclusions 
follow: 

(i) It is very difficult, if not impossible to treat the 
data by rigorous statistica l methods. In the collaborative 
analysis of proposed standard reference samples of many 
commercial materials, the number of laboratories involved is 
relativel y small, as is also the number of constituents of 
interest. Every participating labora tory can be expected to 
determine most, if not all, of the desired constituents, using a 
controlled number of replicates, even though analytical 
methods may vary . The resulting data lend themselves 
readily to statistical interpretation, providing not only reli­
able "certificate values" but also such useful information as 
inter-bottle and inter-laboratory variance, confidence limits 
a nd the like. With rock samples, essentially all constituents 
are of im portance, from the dozen-odd "major and minor" 
com ponents to the long list of "trace elements" which ca n 
encompass nearly the entire Periodic Table. Few laboratories 
are equipped to fulfil! al l requirements. In an effort at 
obtaining repli cate results for all components, organizers of 
co llaborative analytical programs are obliged to enlist the 
participation of large numbers of institutions. Because of the 
great volume of work required, it is seldom possible to obtain 
controlled repli cation of analyses, each participant being 
depended upon merely to report on as many elements as 
possible by a ll possible methods. As a result, uncontrolled 
variables tend to proliferate and statistical treatment of the 
data becomes increasingly questionable. 

\ii) The average value of all available results is not 
a lways a good approximat ion of the best value for a 
particular constituent of a parti cular sample. This rule is 
often inapplicable, but it does assume major importance 
where available data are limited in number or widely 
scat tered, where com ponents occur at unusua l concentration 
levels and where interfering elements occur at unusually high 
levels. Although some of the difficulties may ensue from the 
use of unsuitable analytical methods, many additional factors 
are frequently involved. There is, for example, an unfor­
tunate tendency in some circles to think of analytical 
methods in "blanket" terms, describing them in one- or two­
word expressions, without mentioning details which may have 
a great bearing on the quality of results reported. There is 
substantial evidence to suggest that the identity of the 
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analyst is of more importance than the method used, leading 
to the next conclusion: 

(iii) The "bes t" value for a parti cular constituent in a 
particular sample should be calculated from the data reported 
by a small, se lect group of laboratories whose results show 
the greatest overall consistency. This is the most contro­
versial conclusion. It has the advantage of attempting to find 
the few "best" results in a mass of data, rather than 
concentrating on eliminating a small number of bad ones, as 
is so commonly done in other systems. This conclusion is 
applicable only where a la rge number of results are available, 
hence mainly for the more commonly determined 
constituents. 

(iv) The summation of derived values should be close 
to 100 per cent. Such a conclu sion wou ld seem to be 
axiomatic, but there are complica tions in its use. Part of the 
difficulty lies in the traditional categorization of analytical 
data on rocks into "major", "minor", and "trace" elements . 
Further, many so-called "rock analyses" are performed 
without regard to the possibility that some "trace elements" 
may be present at higher levels than usual. Thus chromium, 
normally a trace in most rocks, can be a minor element in a 
dunite. Potassium, a major element in most rocks, can be a 
trace in the same dunite. Strontium, if present to the extent 
of 100 ppm or more, should be included in the summation -
unless it has already been included as part of the calc ium 
result obtained by a chemical method that does not distin­
guish between the two. The traditional reporting of rock 
components as oxides can lead to errors where some elements 
occur in the metallic state, a condition whic h can also lead to 
significant er rors in determining ferrous and ferric iron . 

(v) . There appears to be no reliable means of testing 
the validit of assi ned values derived from a lar e volume of 
discordant data . his conclusion applies to all proposed 
schemes for deriving "best" values, be they based on rigorous 
statistical procedures, empirical mathematical operations, 
subjective judgment or a combination of any of those 
approaches. Tentative proposals to overcome this difficulty 
are outlined below. 

Special Problems 

Dispa rities tend to occur in resu lts reported for most 
constituents of rocks, but they appear more pronounced with 
such com ponents as ferrous iron, "combined" water and 
carbon dioxide . With inc reasing use of instrumental methods 
of analysis, com paratively fewer dete rminations are done for 
those components as for such things as silica, alumina, total 
iron, etc. With ca rbon dioxide, matters are further com pli­
ca ted by the failure of many laboratories to distinguish "total 
ca rbon", as determined by a combustion method, from 
"carbonate ca rbon", as determined by acid evolution. 
Noticeable differences have been observed between results 
obtained by the two approaches, even with samples that are 
not expected to contain significant quantities of non­
ca rbonate carbon. 

Even more pronounced are the discrepancies in results 
reported for the so-called "trace elements", even with such 
relatively abundant elements as barium, strontium, rubidium, 
etc. With less abundant elements or those less easi ly 
determined, such as silver, arsenic, germanium, etc ., the 
problem is not only one of incoherent results, but also one of 
limited available data . 

It is therefore not su rprising that large gaps remain in 
our knowledge of the composition of many reference samples. 
For example, sample USGS-W-1 was first introduced over a 
quarter century ago, but there is stil 1 considerable doubt 
about its con tent of boron, bismuth, tungsten, molybdenum, 
hafnium, germanium, thallium, indium, niobium, etc. 
Selenium is one element for which sufficient data are 



available on only one reference sample. With tellurium, there 
are not enough reported values for any sample to justify 
listing the element in the tables. 

DERIVATION OF "USABLE" VALUES 

Various terms have been used by others to describe 
assigned composi tional values derived from large masses of 
incoherent data. These have ranged from the hesitant 
"provisional", "proposed" or "tentative" to the more assertive 
"recommended", "certified" or "guaranteed". There has a lso 
been inconsistency in the significance attached to each of 
those terms . Thus where some (e.g. Roubault et al., 1970) 
imply that "recommended values" a re superior to merely 
"proposed values", others (e.g. Valcha, 1972) describe well­
es tablished values as "guaranteed", in contrast to merely 
"recommended". Still others (Beyers, 1974) have issued 
"certificates of analysis" that listed only "average" or 
"magnitude" values. 

In this report as in earlier work (Abbey, 1972, 1973, 
1975a), the term "usable values" signifies values that can be 
used for most purposes. Howeve r, varying degrees of 
uncertainty persist (see below), and therefore changes in 
"usable values" may be expected as more analytical data 
become avai lable. 

The values listed in Tables 2, 3 and 4 were arrived at in 
several different ways, as indicated, in part, in the descrip­
tive notes about the various issuing agencies. The procedures 
used were as follows: 

(l) Values recommended by the originators of a partic­
ular group of samples were merely converted to the 
"dry basis", where necessary, by use of the recom­
mended value for H20-. Where no H20- value was 
given, it was assumed that all values were already on 
the dry basis. Where the originators gave no recom­
mended values, or where the originators' recommended 
values led to inconsistencies, the following steps were 
used. Those steps are based on a general method first 
applied (Abbey, 1970) to Flanagan's (1969) raw data on 
six samples from the U.S. Geological survey, but 
subseque ntly modified in order to improve the results . 

(2) All raw data were converted to the dry basis, 
where possible, using the individual H20- values reported 
with each analysis . 

(3) For each constituent of each sample, any outlying 
value that differed from its nearest neighbor by as 
much as, or more than that neighbor differed from the 
opposite extreme, was rejected before any further 
calculations were done. For example, if the results 
reported were 2, 3, 4, 4, 5 and 10 ppm, the 10 ppm value 
was immediately re jected. 

(4) The median value of the available results was 
determined. Where the number of results was less than 
10, the median was listed as a usable value, but with a 
question mark to indicate uncertainty . Question marks 
were also used at later stages in the method where 
uncertainty was suspected . Where only three or four 
results were available, the median was li sted only where 
those results originated in different laboratories, using 
different methods, and were in acceptable ag reement. 

(5) Where JO or more results were available, they were 
plotted in a "nume rical histogram" (Abbey, 1970; Abbey 
et al., 197 5a). Because of the manner in which the 
histograms were subseque ntly used, the choice of c lass 
intervals was not based on statistical rules, but was 
made in a manner to accentuate modal peaks, and 
preferably to provide seve n or more intervals. 

(6) The arithmetic mean of the results was calculated. 

(7) Twent y per cent of the available results (those 
farthest removed from the mean) were rejected, and 
the remainder used to calculate an "adjusted mean". In 
some cases where there was reason to doubt values 
derived in subsequent steps, the adjusted mean was 
listed as a usable value, but again with a question mark. 

(8) Al l results falling within the same class interval as 
the adjusted mean, or within the two immediately 
adjacent intervals, were a rbitrari ly defined as "good". 
Those eliminated in (7) were categorized as "poor" (as 
were also any far outliers eliminated in (3)). Other 
results were considered "fair". 

(9) For each col laborating laboratory, the numbers of 
good, fair and poor results were listed, and recalculated 
as percentages of the total of the three types of results 
from that laboratory . The difference between the 
percentage of good results and percentage of poor 
results was taken as a "laboratory rating". That value 
can vary from plus JOO to minus 100. 

(l 0) Results ("select values") from laboratories whose 
ratings exceeded a n arbitrary level (generally 50) were 
used to calculate a "se lect mean" for each constituent. 
Subject to the constraint s of the following items, the 
select means were listed as "usable values" . 

(11) Step (3) above was applied to all select values 
before calculating the select mean. 

(12) If the number of select values was less than five, 
either their median or the adjusted mean (see (7) above) 
was listed as a usable value, with a question mark. 

"Verification" of Usable Values 

Two rough cr ite ria were used as a test of the validity of 
derived va lues. These were the summation, where sufficient 
data were available for so-called "complete ana lysis", and 
also what has been labelled the "mutual compatibilit y" of iron 
oxides. Neither of these c rite ria is foolproof. All that can be 
said is that failure to meet them suggests that at least some 
of the derived values a re questionable, but success in meeting 
the requirements merely serves to support such values, not to 
confi rm them. 

The summation c rite rion has been described above 
(item iv). The iron oxide compatibility test depends on the 
fact that all laboratories that dete rmine major components 
normally report total iron content, expressed as Fe 2 0 3. Some 
labora tories also determine ferrous iron, expressed as FeO, 
and hence calculate ferric iron (as Fe203) by difference, 
reporti ng the two as separate components . From the values 
reported for those components, it is possible to calculate 
each laboratory's total iron value by means of the simple 
formula: 

where Fe 203 T is the total iron content, expressed as ferric 
oxide. Thus in a large quantity of data for a given sample , 
there will in general be a relatively large number of values 
for total iron, and somewhat smaller numbers of values for 
ferrous and ferric iron. In the subsequent processing of the 
data to de rive assigned values, the three iron oxides may be 
treated as separate constituents. However, when the 
assigned values are finally produced, they should come as 
close as possible to satisfying equation (a). For purposes of 
comparison, two additional notations are therefore introduced 
in Table 2. These are: Fe203 TR, which is the value derived 
for Fe203 T from the reported values for Fe203 T; and Fe203 TC, 
which is calcu lated by applying equation (a) to the separate 
assigned values for FeO and Fe203, derived from the indi­
vidual reported values for each of them. Thus a large 
difference between Fe203TR and Fe203TC would indicate 
questionable derivations. 
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Unfortunately, some of the originators who published 
recommended va lue s did not derive a value for Fe 20 3 as such . 
Instead, they derived recommended va lues for Fe 20 3 T 
and FeO; then they ca lcu lated a value for Fe 2 0 3 by 
using equation (a). In such cases, of course, the "iron oxide 
compatibility" test no longer applies. 

Examples of cases where so-called "best" or "ce rtified" 
va lues have failed to meet both of the above criteria have 
been cited in the literature (Abbey, 1973, I975b, 1976). 

PRESENTATION OF THE DAT A 

In Table I, all of the samples in this compilation are 
li sted alphabetica lly, identified by type of material, issuing 
agency and country of origin, and also indexed to the 
appropriate descriptive note s. 

In earlier work (Abbey, 1972, 1973, 1975a), the samples 
included were restricted to actual rocks or compositionally 
similar minerals, such as micas and feldspars . This time, it 
was decided to include a careful ly selected, limited number 
of additional samples for which dependable values are 
available for the common rock constituents, but in which a 
few of those constituents are present at higher or lower 
levels than usual. The samples thus se lected to provide "high" 
and "low" points for calibrations include clays, ores, refrac ­
tories, slags, glasses, etc. Because those samples differ 
considerably in their compositions from silicate rocks, special 
care should be taken in usi ng them, to guard against possible 
interferences from those elements that are present at higher 
concentration levels than usual. 

Reference samples which are suitable only for special­
ized purposes (e.g. K-Ar dating), or whose published values 
are based entirely on the work of one laboratory, are not 
included in this report. 

Tab le 2 lists the samples and their general compositions 
in roughly the geographic order of count ry of origin. Because 
of the increasing variety of "unusual" constituent s among the 
available samples, the manner of presentation has been 
changed from that used in earlier compilations. Usable 
values are listed for major and minor constituents, in the 
order Si02, Al203, Fe203, FeO, MgO, Cao, Na20, K20, H2o\ 
C02, Ti02, P20s, F, Sand MnO, as recommended by Maxwell 
(1968). To provide a realisti c summation, the Table includes 
an additiona l item, "Othe rs", representing the sum of so­
called "trace elements'', converted to oxides, where appropri­
ate. The items Fe 20 3TR and Fe 203TC, explained above, are 
a lso included. 

Only those samples for which reasonably reliable values 
have been established for most of the usual major and minor 
rock constituents are listed in Table 2. 

In Table 3, the usable values for major and minor 
elements are listed under the com ponents, with the samples 
given in descending order of their content of each component. 

Some additional samples are listed in Table 3, their 
concentration values with question marks . Such samples are 
not considered sufficiently well established to justify their 
inclusion in Table 2. 

In Table 4, the "trace elements" are arranged in much 
the same way as the major and minor components in Table 3. 
Usable va lues for trace elements have been rounded to not 
more than two significant figures, except where the initial 
digit is unity, in which case a zero or a five may be shown in 
the third place. For some elements, the concentration is 
expressed both as "ppm, element", and "per cent, oxide" 
(whe re app ropriate), provided the latter value is 0.0 I or more . 
The sum of the latter values for each sample is used as the 
"Others" in Table 2. 
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CCRMP - CANADIAN CERTIFIED REFERENCE MATERIALS 
PROJECT 

(Contact: Chairman, Canadian Certified Reference 
Materials Project, c/o Canada Centre for Mineral and Energy 
Technology, 55 5 Booth St., Ottawa, Ontario, Canada, 
KIA OGI). 

This group, operating originally under the then Canadian 
Association for Applied Spectroscopy, is now an activity of 
the Canada Centre for Mineral and Energy Technology, but 
also involves a number of other Canadian government bodies 
and some private industries. A catalog of aJJ of their samples 
is available (Faye, 1976). 

Syenite sample SY-I and sulphide ore sample SU-I were 
issued some years ago, and a compilation of available 
analytical data published most recently by Sine et al. (1969). 
However, neither of those samples ever attained the status of 
a reliable reference material for rock analysis. SY-I is now 
exhausted. SU-1 is now available as an ore standard, 
certified for a few selected base metals. 

"Ultramafic rock" samples UM-1, UM-2 and UM-4 are 
available for use as standards for ce rtain components by 
means of specific tests . They are not intended for use as 
reference samples in general rock analysis. 

Syenite samples SY-2 and SY-3, and gabbro MRG-1 
became ava ilable some years ago as "unce rtified standards". 
Results of a world-wide program of collaborative analysis are 
given in a note, a detailed report and a supplement (Abbey 
et al., 197 5a, b; Abbey, 1976). The data in the tables in this 
publication are based on the supplement. 

USGS - UNITED STATES GEOLOGICAL SURVEY 

(Contact: F.J. Flanagan, Liaison Officer, Geological 
Survey, U.S. Department of the Interior, Res ton, Ya. 22092, 
U.S .A.). 

United States Geological Survey samples G-1 and W-1 
are probably the best known reference samples of silicate 
rocks, early work on them having been published in 1951. The 
supply of G-1 has long been exhausted and has therefore not 
been included in the work of this series. W-1 was available 
until relatively recent ly, and is included here to provide 
continuity with earlier reports in the se ries. Most of the 
listed values for W-1 in this report are based on those of 
Flanagan (1973). 

A large compilation of data was published on six later 
samples, andesite AGY-1, basalt BCR-1, dunite DTS-1, 
granite G-2, granodiorite GSP-1 and peridotite PCC-1 
(Flanagan, 1969), but no values were recommended. A later 
publication (Flanagan, 1976) included additional results and 
some "recommended", "average" and "magnitude" values. 
Those values were the same as those listed (along with similar 
values for many other samples) in an earlier publication by 
Flanagan (1973). 

Some contradictions arose between Flanagan's (1973) 
values and Abbey's (1972) values, resulting in a Critical 
Comment and Reply (Abbey, l975b; Flanagan, 1975). In the 
most recent report in this series (Abbey, 1975a), Flanagan's 
values were given precedence, except where these were 
apparent errors, omissions or other discrepancies. The same 
policy has applied to this paper. 

In recent years, eight additional rock samples were 
prepared: basalt BHY0-1 , marine sediment MAG-1, quartz 
latite QL0-1, rhyolite RGM-1, schist SDC-1, shales SCo-1 
and SGR-1, and syenite STM -1. A recent report (Flanagan, 
1976) gives background information for seven of the samples, 
but unfortunately none for the most unusual one of all, SGR-
1, which apparently contains major amounts of carbonate and 



organic matter (petroleum ?). The report contains a great 
mass of analytical data, but the latter is unfortunately 
grossly imbalanced, in terms of the amounts of work done on 
the various samples, for the various constituents and by 
various methods in many different laboratories. Values are 
listed for many constituents of these latter eight samples in 
this report, but most of them must be regarded as only 
preliminary. However , the data in Flanagan (1976) clearly 
indicate that the samples are sufficiently homogeneous for 
most practical purposes. 

Another report (Myers et al., 1976) lists individual 
results and median values for certain trace elements and 
most major and minor constituents on four synthetic glasses 
of rock-like composition, GSB, GSC, GSD and GSE. These 
samples are intended for use only in U.S. Geologica l Survey 
laboratories and are not available for general distribution. 
Their compositions are therefore not given in this paper. 

Flanagan (1973) reported that supplies of samples W-1 
and DTS-1 were exhausted. 

NBS - NATIONAL BUREAU OF STANDARDS (U.S.A.) 

(Contact: Office of Standard Reference Materials, 
Room B3 l l, Chemistry Building, National Bureau of 
Standards, Gaithersburg, Md. 20234, U.S.A.). 

Of the many standard reference materials issued by this 
agency, only the potash feldspar 70a and the soda feldspar 
99a fall within the composition range of silicate rocks. 
Meinke (l 965a, b) gave their compositions as "provisional", 
but NBS Special Publication 260 (197 5-76 Edition) gives the 
same data without qualification. Certificate values are given 
for most of the major and minor elements, but no information 
is available on trace elements. 

In addition to the two feldspars, this compilation 
includes two clays, a bauxite, a glass and a fly ash from NBS. 
The additional samples were selected from the many others 
available from the same source because of their potential 
usefulness in the analysis of silicate rocks and minerals. They 
are certified (Cali, l 969a, b; Wichers, 1951; Burgess, 1931) 
mainly for major and minor components, except for the fly 
ash, which is certified for certain trace elements (Cali, 1974) 
of particular interest in environmental studies. Additional 
analytical work on that sample, done in four different 
laboratories (Ondov et al., 1975), has served to confirm some 
"uncertified" values and has provided muc h useful data for a 
number of additional elements. 

NBS also offers some "Trace Element Standards". Of 
those, feldspar 607 is certified only for rubidium and 
strontium. Glass samples 610 to 617 inclusive have been 
spiked with some 36 trace elements, but certified values have 
been established for only four to eight elements per sample. 
There is also some disadvantage in the fact that one sample 
contains the maximum concentration of all the trace ele­
ments, while the others appear to be mere dilutions with the 
"pure" base materials. Further, the samples are available 
only as wafers, one or three millimetres thick. They 
therefore appear to be of little value for general rock 
analysis, except in special techniques which can use samples 
in that shape. 

BCS - BRITISH CHEMICAL ST ANDA RDS 

(Contact: Bureau of Analysed Samples, Newham Hall, 
Newby, Middlesbrough, Teesside TS8 9EA, England). 

As is the case with NBS, this agency offers a variety of 
reference samples of many different types, including some 
"Eurostandards", originating in several continental European 
countries. Details are given in their List 452, published in 
197 5, which also lists the compositions of all of their samples. 

Two BCS samples, soda feldspar 37 5 and potash feldspar 
376 fall within the compos ition range of silicate rocks. Their 
Certificates of Analysis (Ridsda le, l 970a, b) li st all analytica l 
data reported by the collaborating laboratories. In this case, 
the number of components determined and the number of 
parti ci pating analysts a re both smal l. The resu lts are in 
excellent agreement with one anothe r, so there need be no 
hesitation in accepting arithmetic means as usable values. 
The analysts involved were evidentl y expe rt in feldspar 
analysis, and the data produced were therefore more cohe rent 
than those usua ll y obtained with rock samples, where the 
need for results for many additional components necessitates 
the participation of many laboratories with va riable 
backgrounds. 

Several additional BCS samples have been included in 
this compilation because of their possible usefulness in 
silicate rock and mineral analysis. The y include a sillimanite, 
an iron ore, a silica bric k, a "high purity" silica and a blast 
furnace slag (Ridsda le, 1955, 1961, 1965, 1970a, 1974). 

An unfortunate feature of all BCS samples is the 
absence of information on trace elements. 

QMC - QUEEN MARY COLLEGE (U.K.) 

(Contact: Dr. A.B. Poole, Department of Geology, 
Queen Mary College, University of London, Mile End Road, 
London El 4 NS, England). 

This group produced four reference samples several 
years ago, but is apparently no longer involved with such 
materials. Available analytical data were listed in a "Third 
Report" (Poole, 1972), from which usable values have been 
derived as described earlier in this report. 

The samples are aplitic granite 1-1, dolerite 1-3, pelitic 
schist M-2 and calcsilicate M-3. Relatively small quantities 
of these samples were prepared and it is not known whether 
they are still available. 

The analytical data on these samples include very few 
results for H2 0-. Analyses which did not include that 
determination were therefore taken as being on the dry basis. 
The resulting uncertainty would affect only those constitu­
ents present at relatively high levels. Question marks have 
therefore been used with all usable values exceeding 10 per 
cent. Usable values have been re-calculated si nce the last 
report in this se ries was prepared, and some errors have been 
corrected. Some differences from earlier tabulated values 
may therefore be observed in this report. 

ASK - ANAL YTISK SPORELEMENT KOMITE (Scandinavia) 

(Contact: Dr. Olav H.J. Christie, Mass Spectrometric 
Laboratory, University of Oslo, Box 1048, Oslo 3, Norway). 

Two samples from this group, larvikite ASK-I and schist 
ASK-2 fall within the compo5ition range of silicate rocks. A 
third, ASK-3, is an iron sulphide, of more interest in ore 
analysis. 

The three samples were ana lysed for a selected number 
of trace elements in a small number of laboratories, all 
located in the "Nordic" countries. Recommended values, 
arrived at by the highly commendable procedure of a round­
table discussion by the collaborating analysts, were publi shed 
by Christie (1975), and those values are listed in Table 4. 
"Uncertified" values for major and minor elements were also 
listed by Christie, but are not included in this compilation. 

ANRT - ASSOCIATION NATIONALE DE LA RECHERCHE 
TECHNIQUE (France) 
CRPG - CENTRE DE RECHERCHES PETROGRAPHIQUES 
ET GEOCHIMIQUES (France) 

(Contact for both groups: K. Govindaraju, Centre de 
Recherches Petrographiques et Geochimiques, Case officielle 
n° 1, 54500 Vandoeuvre-les-Nancy, France). 
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The first reference sample produced by CRPG was the 
experimental granite GR, Jong since exhausted, and never 
included among the samples studied in this series of papers. 
Subsequently, CRPG also produced granites GA and GH, and 
basa lt BR, three of the best-established reference samples. 
Later, two mica samples we re issued, biotite Mica Fe and 
phlogopite Mica Mg. 

More recently, the reference sample program of CRPG 
has been integrated with that of ANR T, resulting in diorite 
sample DR-N, serpentine UB-N, synthetic glass VS-N, and 
most recently, granite GS-N and feldspar FK-N. 

The most recent data on the CRPG samples we re given 
by Roubault et al. (1970) fo r major and minor components, 
and for trace elements by Govindaraju and de Ja Roche 
(1977). Data on the ANRT samples were reported by de Ja 
Roche and Govindaraju (l 973a, b). For major and minor 
elements, these groups have followed the general practice of 
recommending a value that is the mean of the remaining 
values after eliminating all values that differ from the 
overaJJ mean by more than one standard derivation. 
However, they have on occasion applied some subjective 
judgment in interpreting such data. 

Sample Mica Fe was given recommended values by 
Roubault et al. (1970). However, the number of individual 
analyses upon which those va lues were based was rather 
small, and agreement was not ve ry good. For those reasons 
no usable values are given in Table 2. The listings in Tables 3 
anrl 4 are intended to show merely where this samp le is 
expected to fit in the concentration "ladder" for each 
constituent. 

For Mica Mg, Roubault et al. (1970) gave on ly "proposed 
values", presumably based on preliminary analyses in the 
originators' laboratories . The limited analytica l data from 
other sources are not in good ag reement with the proposed 
values. Accordingly, this sample is listed in Tables 3 and 4 in 
the same manner as is Mica Fe. In a recent announcement 
(Govindaraju, 1977), additional analytical data were solicited 
for the two mica samples. 

Both ANRT samples, DR-N and UB-N, are weJJ­
established, except for the MgO value in the latter. The 
recommended MgO value of de Ja Roche and Govindaraju 
(l 973a) differs noticeably from the adjusted mean of the 
available data, being based on a subjective interpretation of 
results produced by a select group of laboratories. Because 
of that discrepancy, the MgO value for UB-N is given to on ly 
one decimal place, with a question mark, in Tables 2 a nd 3. 

Sample VS-N contains high concent rations (hundreds of 
parts per million) of many "trace elements". With so many 
elements present at a maximum level in the same sample, 
questions may arise regarding its usefulness . Usable values 
given in Table 4 are rounded versions of elemental equiva­
lents of the oxide contents recommended by de la Roche and 
Govindaraju (l 973b). Similarly, values with question marks 
are based on their "proposed values". Values for major and 
!Tiinor components of VS-N are not intended for standards use, 
and are therefore not given in Tables 2 and 3. 

The two newest samples, GS-N and FK-N, are now 
listed for the first time in this series . The va lues are those of 
de la Roche and Govindaraju (l 976a). 

Two additional ANRT samples, bauxite BX-N and 
kyanite DT-N, were not included in earlier papers in this 
series because their compositions are far removed from those 
of silicate rocks. In this work, it was decided to include them 
among the "non-rock" samples that may prove useful in 
providing "high" and "low" points for calibrations for certain 
elements. 

A glauconite sample, GL-0 (de Ja Roche et al., 1976b) 
has been prepared in limited quantity, mainly as a reference 
standard in geochronology. However, much analytical work 
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has been done for many constituents of this sample . The 
originators have assigned a number of "recommended" and 
"proposed" values, a JJ of which a re listed in the tables in this 
paper. 

IRSID - INSTITUT DE RECHERCHES DE LA SIDERURGIE 
(France) 

(Contact: G. Jecko, Station d'Essais, Maizieres-Jes-
Metz (57), France). 

This institute has produced many reference samples of 
va lue in metallurgical industries. Of those, only two have 
been selected for inclusion in this compilation, because their 
compositions may prove useful in the analysis of silicate 
rocks and minerals. They are blast furnace slag LOl-1 and 
ferriferous marl M08-l. It wiJJ be noted that the sum of 
available data on both samples faJJs significant ly short of 
100 per cent, and that should be borne in mind in using the 
samples. 

The values listed in Tables 2 and 3 are those given by 
the originators as "most probable" on the cer tificates 
provided with the samples (Jecko, 1970; undated). 

ZGI - ZENTRALES GEOLOGISCHES INSTITUT (East Germany) 

(Contact: Prof. K. Schmidt, Direktor, Zentrales 
Geologisches Institut, Invalidenstrasse 44, 104 Berlin, 
Deutsche Demokratische Republik). 

Three s ili cate samples from this sou rce are weJJ 
established: granite GM, basalt BM and slate TB. Values for 
major and minor elements were given by Grassmann (1972) 
and for trace elements by Schindler (1972). Grassmann gave 
means, numbers of determinations, standard deviations and 
95-per cent confidence limits, with actual recommended 
values only for silica and a lumina. Individual results were not 
given. Howeve r, Grassmann 's confidence limits are such that 
his values may be considered "usable" and they are therefore 
listed in Tables 2 and 3. 

Similarly, Schindler (1972) gave means, some recom­
mended va lues and numbers of determinations for trace 
elements. Because no ind ividua l results were given, 
Schindler's tabulated values are shown in Table 4 as "usable", 
where 10 or more results were reported . Where five to nine 
results were involved, the value is shown with a question 
mark . In severa l cases where the confidence lim its appear to 
justify doing so, Schindler's means are included even though 
only three or four determinations were done. Otherwise, no 
values are listed. 

Of the other reference samples issued by ZGI, anhydrite 
AN and limestone KH are not included here because their 
compositions are far removed from those of silicate rocks. 
At this writing, no compi lation of data has appeared for four 
later samples, feldspar sand FK, greisen GnA, serpentine SW 
and black shale TS, but some ave rage values have appeared in 
studies on the processing of data for reference samples 
(Schindler and Scheutzow, 1975; Schindler, private com muni­
cation) . The few tentative values for those samples in 
Tables 3 and 4 are from those sources. 

ZG I is the co-ordinating age ncy of an Eastern European 
collaborative program on reference samples of geological 
materials, involving the Czechoslovak institute mentioned 
below, among others . That program is expected to prepare 
samples, within the next few years, of gabbro, nepheline 
syenite, fireclay, monzonite, slate, skarn, kieselguhr and a 
number of other "mining materials", of Jess direct interest in 
silicate rock a nd mineral analysis. 

UNS - USTAV NEROSTNYCH SUROVIN (Czechoslovakia) 

(Contact: RN Dr. Vaclav Zyka, Director, Institute of 
Mineral Raw Materials, 28403 Kutna Hora, Czechoslovakia) . 



Two samples, a glass sand and a magnesite, have been 
available from this source for seve ral years . The sand 
sample, hereafter re ferred to as SS (for the Czech designa­
tion Sklarsky Plsek, Strelec) is included in this work for the 
same-reason as were the additional samples of NBS and BCS. 
The magnesite sample, whose composition is far removed 
from that of silicate rocks, is not included. Howe ver, this 
report does include data on KK (for Kaolin, Karlovy Vary), for 
which recommended values have nOi: been -published at this 
writing. The information was made available to the author by 
the staff of the Institute at Kutna Hora . Similar information 
about SS is based on a report by Valcha (1972). 

The listed values for KK have two appare nt short ­
comings: the summation is somewhat low, a nd there is no 
way of checking the compatibilit y of iron oxides because no 
separate values for ferrous and ferric iron are given. 
Conceivably, the summation might be improved if more data 
on trace elements were availab le. 

LEN - LENGOSUNIVERSITET (U.S.S.R.) 

(Contact: Prof. A.A. Kukharenko, Department of 
Mineralogy, Leningrad State University, Len ingrad V-164, 
U.S.S.R.). 

The only sample from this source, nepheline syenite NS-
1, was originally ide ntified as "Khibiny-Generalnaya", and has 
been referred to elsewhere by various other designations. 
Because only one sample was involved in this case, no 
attempt was made to apply the full selective procedure 
outlined above. All of the values listed in Tables 2, 3 and 4 
are based on "adjusted means" derived from the original 
compilation by Kukharenko et al. (1968). The trace-element 
values are based on a limited number of reported values. 

The summation for NS-1 appears to be high, thus 
throwing some doubt on the validity of the individual usable 
values, possibly as a re sult of the use of the "adjusted means". 
As it is uncertain whether this material is still available, it is 
not likely that more data for it will be published. Little can 
therefore be done to improve the situation. 

IGI - INSTJTUT GEOKHIMII, IRKUTSK (U.S.S.R.) 

(Contact: Prof. L. V. Tau son, Institute of Geochemistry, 
P.B. 701, Irkutsk 33, U.S.S.R.). 

Three samples from this source were issued originally as 
trap 200 I, gabbro 2003 and albitized granite 2005. No 
compilation of repor ted data has been published at this 
writing. However, Tauson et al. (1974) reported a set of 
"attested" values for three samples identified as trap ST -1 A, 
gabbro SGD-JA and albitized granite SG-lA. Comparison of 
those values with re sults obtained in the laboratories of the 
Geological Survey of Canada indicated that the two sets of 
samples were identical. 

The values li sted in the tables in this report are those of 
Tauson et al. (1974). Those authors did not list individual 
results nor did they give details of the method used in 
deriving their tabulated values from the raw data. 

GSJ - GEOLOGICAL SURVEY OF JAPAN 

(Contact: Dr. Atsushi Ando, Geochemical Research 
Section, Geological Survey of Japan, 135 Hisamoto-cho, 
Kawa saki -Shi, Japan). 

Analytical data for basalt JB-1 and granodiorite JG-1 
were compiled a nd published by Ando et a l. (1971, 1974), 
re commended values being given for only four elements in a 
later publication (Ando et al., 1975). "E stimated values" for a 
number of trace elements were a lso reported by Ando 
(private communication, 1975). Some of the values in 
Tables 2, 3 and 4 are based on those recommended and 
estimated values; others were derived by the procedures 
outlined above . 

Some difficulty was encountered in arriving at a usable 
value for si li ca in JB-1. Our most recent compilation (Abbey, 
197 5a) listed a value of 52.49 per cent (dry basis), but that 
value was based only on Ando's 1971 data. When his 1974 
data were included, the same procedure yielded a value of 
52.72 per cent. Changes for other components were less 
conspicuous. The higher silica value brought about a rather 
high summation, 100.31, although the availability of 
additional trace-element data may have been a factor in that 
case . Howeve r, it was felt that an increase from 52.49 to 
52.72 was too great. It was therefore decided to reject the 
"select mean" and to use the "adjusted mean" as a usable 
value, but to emphasize the uncertainty by adding a question 
mark. This was an example where failure to satisfy one of 
the "validity tests" mentioned above was considered 
sufficient grounds for departure from the established 
procedure. 

The relatively high values for H20 reported in Ando's 
compi lations, averaging close to one per cent, may have been 
a source of discrepancy in the silica results reported by the 
co llaborati ng analysts . 

MRT - MINERAL RESOURCES, TANZANIA 

(Contact: Commissioner, Mineral Resources Division, 
P.O. Box 903, Dodama, Tanzania). 

The values listed for tonal i te T - I in the tables are 
derived from the compi lation by Thomas and Kempe (1963), 
being the means of remaining values after eliminating those 
which were more than one standard deviation removed from 
the gross mean. Thomas and Kempe originally suggested that 
procedure for arriving at "tentative recommended values". 

The results in the compilation were in good agreement, 
with much lower standard deviations for individual 
components than has been the case with other rock samples . 
However, relatively little information was reported on trace 
elements. 

The data in Table 2 reveal a discrepancy between the 
two "total iron" values, casting some doubt on the li sted 
values. With reference to T-1, Bowden and Luena (1966) 
rightly warned against the dangers entailed in indiscriminate 
use of insufficiently well-established values . 

Flanagan (private communication, 1975) reported that 
the sample is no longer available and that no replacement is 
contemplated. 

NIM - NATIONAL INSTITUTE FOR METALLURGY (South 
Africa) 

(Contact: H.P. Beyers, South African Bureau of 
Standards, Private Bag 191, Pretoria, South Africa). 

Russell et al. (1972) li sted the then available results on 
the six rock samples, dunite NIM-D, granite NIM-G, lujavrite 
NIM-L, norite NIM-N, pyroxenite NIM-P and syenite NIM-S. 
They calculated means, standard deviations and adjusted 
means, but did not give recommended va lues. Later (Beyers, 
1974), the originators issued a set of "certificates of 
ana lysis", li sting values that are apparently means of values 
remaining after removal of those differing from the overall 
mean by more than three standard deviations. Several 
contradict ions in those "certified" values have been pointed 
out elsewhere (Abbey, 1977). Although the certificates 
indicate that most of the listed values are mere "averages" or 
"magnitudes", the fact that they are referred to as "certified" 
can lead to erroneous conc lusions on the part of some users. 

In earlier work (Abbey, 1973, 1975a) usable va lues for 
these samples were calcu lated by the methods outlined above, 
but it was pointed out that some of the samples were of 
unusual composition, some of the collaborating ana lysts had 
apparently ignored that fact, and hence that conside rably 
more subjective judgment than usual was used in arriving at 
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the tabulated values. Considerably less confidence was 
therefore placed in those values than in those listed for other 
samples. 

Subsequent work in the Geological Survey of Canada 
laboratories cast further doubt on the earlier tabulated values 
for these samples. Through the kindness of T.W. Steele, of 
the National Institute for Metallurgy of South Africa, the 
author was provided with a computer printout of all available 
results on these samples to the end of 197 5. The entire 
derivation procedure was repeated, using a more refined 
procedure than before. The results, listed in the tables of 
this report, are in general closer to the NIM "certified" values 
than before, but are, as a rule, free from most of the 
objections to the latter values. 

The values tabulated in this report are believed to be 
superior to those listed by Flanagan (1973), which appear to 
be essentially the same as the NIM "certified" values. 

PRECAUTIONARY NOTES REGARDING THE TABLES 

A number of citations of values from various compila­
tions have strongly suggested an unfortunate tendency by 
some workers to accept any tabulated value without attempt­
ing to understand how it was derived, or its degree of 
reliability. It would appear that the time, effort and money 
going into the establishment of reliable values for reference 
samples is not universally appreciated or even understood. 
Although lack of understanding by users may be blamed in 
some cases, even the originators and the compilers of data 
are not entirely innocent. For example, it does not help the 
situation when samples are offered as "standards" with little 
or no supporting analytical data, or with data from only the 
originating laboratories, or where the data are presented 
without sufficient emphasis on the degree of reliability 
involved. 

For the above reasons, footnotes on every page of the 
Tables in this paper direct the readers' attention to these 
notes. The presence or absence of question marks in the 
Tables should be regarded only as a rough guide to the 
reliability of individual values listed. Better understanding 
can be attained only by careful study of the original 
compilations for each group of samples. 

Another unfortunate tendency has become apparent in 
some papers where reference samples have been used in 
verifying new analytical methods. Some workers consider 
their results acceptable merely because they fall "within the 
range" of values listed in a compilation . In fact, such a 
situation merely indicates that the results in question are not 
as bad as the worst in the compilation. How bad that can be 
is clearly indicated in many of the original compilations. 

Readers are therefore stron 1 ur ed to read the entire 
text of t 1s paper before using any of the a Jes. hey are 
also requested to inform the author of any errors they may 
observe. Such errors are almost inevitable where so large a 
volume of numerical data is involved. 
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TABLE 1. Alphabetical Listing of Samples 

Sample No. Type Source Country Ref. Page 

AGV-1 Andesite USGS U.S.A. 4 

ASK-1 Larvikite f ASK Scandinavia 5 
ASK-2 Schist 

BCR-1 Basalt USGS U.S.A. 4 

BCS-267 Silica Brick 
BCS-302/l Iron Ore 
BCS-309 Sillimanite 
BCS-313 Pure Silica BCS U.K. 5 
BCS-367 Blast Furnace Slag 
BCS-375 Soda Feldspar 
BCS-376 Potash Feldspar 

BHV0-1 Basalt USGS U.S.A. 4 

BM Basalt ZGI East Germany 6 

BR Basalt CRPG France 5 

BX-N Bauxite f 
DR-N Diorite ANRT France 5 
DT-N Kyanite 

DTS-1 Dunite USGS U.S.A. 4 

FK Potash Feldspar Sand ZGI East Germany 6 

FK-N Potash Feldspar ANRT France 5 

G-2 Granite USGS U.S.A. 

GA Granite f CRPG France 5 
GH Granite 

GL-0 Glauconite ANRT France 5 

GM Granite l ZGI East Germany 6 
GnA Greisen \ 

GS-N Granite ANRT France 5 

GSP-1 Granodiorite USGS U.S.A. 4 

I-1 Aplitic Granite f QMC U.K. 5 
I-2 Dolerite 

JB-1 Basalt ~ GSJ Japan 7 
JG-I Granodiorite 

KK Kaolinite UNS Czechoslovakia 6 

LOI-1 Blast Furnace Slag IRS ID France 6 

M-2 Pelitic Schist ~ QMC U.K. 5 
M-3 Cale-Silicate 

MAG-1 Marine Mud USGS U.S.A. 4 

Mica Fe Biotite ( CRPG France 5 
Mica Mg Phlogopite 

M08-l Ferriferous Marl IRS ID France 6 

MRG-1 Gabbro CCRMP Canada 4 

NBS-69a Bauxite 
NBS-70a Potash Feldspar 
NBS-91 Opal Glass 
NBS-97a Flint Clay NBS U.S.A. 5 
NBS-98a Plastic Clay 
NBS-99a Soda Feldspar 
NBS-1633 Fly Ash 

NIM-D (SARM 6) Dunite 
NIM-G (SARM l) Granite 
NIM-L (SARM 3) Lujavrite NIM South Africa 7 NIM-N (SARM 4) Norite 
NIM-P (SARM 5) Pyroxenite 
NIM-S (SARM 2) Syenite 
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TABLE 1 (cont'd.). Alphabetical Listing of Samples 

Sample No. Type Source Country Ref. Page 

*NS-1 Nepheline Syenite LEN U.S.S.R. 7 

PCC-1 Peridotite 

( QL0-1 Quartz Latite USGS U.S.A. 4 
RGM-1 Rhyolite 

SG-lA (2005) Albitized Granite ~ IGI U.S.S.R. 7 SGD-lA (2003) Gabbro 

SCo-1 Shale 
SDC-1 Mica Schist USGS U.S.A. 4 
SGR-1 Shale 

SS Glass Sand UNS Czechoslovakia 6 

ST-lA (2001) Trap IGI U.S.S.R. 7 

STM-1 Syenite USGS U.S.A. 4 

SW Serpentine ZGI East Germany 6 

SY-2 Syenite [ CCRMP Canada 4 
SY-3 Syenite 

T-1 Tonalite MRT Tanzania 7 

TB Slate [ ZGI East Germany 6 
TS Shale 

UB-N Serpentine ( ANRT France 5 
VS-N Synthetic Glass 

W-1 Diabase USGS U.S.A. 4 

*Also known by other designations (KG-1, X-1, etc.) 
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TABLE 3. Usable values, arranged by major and minor components* 

Si02 Si02 (cont'd .) Al2 03 (cont'd.) Fe2 03 (cont'd .) 

99 . 6 BCS-313 34 .1 BCS-309 10.5 BCS-302/l 0.337 1-1 
99.35 SS 33.65 LOl-1 10.25 BR 0.027 FK-N 
95.9 BCS-267 28.3 7 SGR-1 9.94 M08-l 
88.2 7 FK 17.8 BCS-302/l 8.56 MRG-1 
75.85 GH 7.39 BX-N 7.75 GL-0 FeO 
75 . 72 NIM-G 6.01 NBS-69a 6.227 FK 
75.387 1-1 6.01 NBS-91 7 Mica Fe 
73.55 GM 4.19 NIM-P 14.46 NIM-D 
73.4 7 RGM-1 Al203 2.97 UB-N 10.597 NIM-P 
73.36 SG-lA 0.85 BCS-267 10.26 ST-lA 
72.36 JG-1 61. l BCS-309 0.73 PCC-1 10.047 1-3 
71. 5 7 GnA 59.21 DT-N 0.32 NIM-D 9.05 BCR-1 
69.96 GA 55.0 NBS-69a 0.29 DTS-1 8 .73 W-1 
69 .1 9 G-2 54.53 BX-N 0.25 SS 8.60 MRG-1 
67.53 NBS-91 38.79 NBS-97a 0 .16 BCS-313 8.6 7 BHV0-1 
67.31 GSP-1 36. 77 KK 7.30 NIM-N 
67 .1 BCS-375 33 .19 NBS-98a 7.28 BM 
67 .1 BCS-376 23.97? M-2 Fe203 6.98 DTS-1 
67.l NBS-70a 21.30 NS-1 6.86 SGD-lA 
66. l 7 SDC-1 20.55 TB 22 .98 BX-N 7 Mica Mg 
65.98 GS-N 20.5 NBS-99a 17.61 GL-0 6.60 BR 
65.6 7 QL0-1 20.0 BCS-367 8.74 NIM-L 6.307 M-2 
65 .2 NBS-99a 19.8 BCS-375 8 . 23 MRG-1 6.02 JB-1 
65 .11 FK-N 7 Mica Fe 6.507 TS 5.43 TB 
63.65 NIM-S 18.64 FK-N 5 .92 7 GnA 5.32 DR-N 
62.9 7 SCo-1 18.6 7 STM-1 5.61 BR 5 .17 PCC-1 
62. 80 7 TS 17.9 NBS-70a 5.46 UB-N 3.827 GnA 
62.65 T-1 17 .7 BCS-376 5.097 1-3 3.56 SY-3 
60.39 M08-l 17.627 M-3 4.57 AGV-1 3.55 SY-2 
60.30 TB 17.56 DR-N 7 Mica Fe 3.337 M-3 
60.09 SY-2 17.37 NIM-S 3.92 ST-!A 2.987 QL0-1 
59 .72 AGV-1 17.22 AGV-1 3.86 SGD-lA 2.907 T-1 
59.68 SY-3 16.54 NIM-N 3.78 DR-N 2.69 UB-N 
59.5 7 STM-1 16.52 T-1 3.48 BCR-1 2.38 M08-l 
55.597 M-3 16.5 7 MAG-! 3.08 M08-l 2.31 GSP-1 
54.85 BCR-1 16.3 7 QL0-1 2 .887 STM-1 2.25 GL-0 
53.37 NS-1 16.20 BM 2.817 T-1 2 .107 STM-1 
52. 88 DR-N 16 .15 LOl-1 2.50 PCC-1 2.08 AGV-1 
52. 72 W-1 16.057 TS 2.48 SY-3 l. 65 GS-N 
52. 627 JB-1 16 .0 7 SDC-1 2.41 NS-1 l. 62 JG-1 
52.56 NIM-N 7 Mica Mg 2.36 JB-1 l. 61 NS-1 
52.45 7 NIM-L 15.35 G-2 2.35 SY-2 1.45 G-2 
52.22 GL-0 15. 19 GSP-1 2.317 M-2 1.41 SG-IA 
51. 04 NIM-P 14.88 SGD-IA 7 Mica Mg 1.32 GA 
50 .9 7 MAG-I 14.87 W-1 l. 93 GS-N 1.30 NIM-G 
50.2 7 BHV0-1 14.71 GS-N l. 77 GSP-1 1.237 RGM-1 
49.75 7 1-3 14.7 7 GnA 1.60 BM 1.14 GM 
49.60 BM 14.62 JB-1 1.40 W-1 1.08 NIM-L 
49 .12 ST-IA 14.51 GA 1.36 GA 1.007 BCS-367 
48.94 NBS-98a 14.23 ST-IA 1.07 NIM-S 0.84 GH 
48.887 M-2 14.20 JG-I 1.027 NIM-P 0. 727 TS 
47.06 KK 13. 92 7 1-1 1.01 G-2 0.30 NIM-S 
46.39 SGD-IA 13.84 SG-lA 0.91 TB 0.26 BX-N 
43.67 NBS-97a 13.8 7 BHV0-1 0.917 M-3 0.207 1-1 
42 .15 PCC-1 13.8 7 RGM-1 0.90 NIM-D 0 .10 DT-N 
40.68 DTS-1 13.68 BCR-1 0.85 DTS-1 0.067 FK-N 
39.93 UB-N 13.6 7 SCo-1 0.76 NIM-N 
39.24 MRG-1 13.59 NIM-L 0.75 GM 
38.88 NIM-D 13.50 GM 0.68 SG-lA MgO 
38.39 BR 13 .07? 1-3 0.58 NIM-G 

7 Mica Mg 12.51 GH 0.55 DT-N 49.83 DTS-1 
36.52 DT-N 12 .15 SY-2 0.507 RGM-1 43.63 PCC-1 

7 Mica Fe 12.09 NIM-G 0.41 GH 43.56 NIM-D 
34.4 BCS-367 11.80 SY-3 0.37 JG-I 35.4 7 UB-N 

cont'd ... cont'd ... cont'd ... cont'd ... 

*Per cent, dry basis. See "Precautionary notes ... " ' p. 8 . 
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TABLE 3 (cont'd.). Usable values, arranged by major and minor components* 

MgO (cont'd.) MgO (cont'd.) Cao (cont'd.) Na 2 0 (cont'd.) 

25.29 NIM-P 0.01 NBS-91 0.28 NIM-D 0.91? SCo-1 
? Mica Mg 0.01 SS 0.24 KK 0.71 MRG-1 

13.51 MRG-1 0.01? FK-N 0.22 BCS-309 0.44 BCS-367 
13.35 BR 0.18? TS 0.42 NIM-S 
9.55 LOl-1 0 .17 BX-N 0.37 NIM-P 
7.76 JB-1 Cao 0 .15 DTS-1 0.34 BCS-309 
7.48 NIM-N 0 .14 SG-lA ? Mica Fe 
7.46 BM 35.65 LOl-1 0 .12 ? FK 0.25? FK 
7 .1 BCS-367 32.4 BCS-367 0 .11 FK-N ? Mica Mg 
7 .1 ? BHV0-1 14.72 MRG-1 0. 11 NBS-70a 0 .10 UB-N 
7.09 SGD-lA 13.87 BR 0. 11 NBS-97a 0 .10? TS 
6.63 W-1 12. 01? M-3 ? Mica Mg 0.09 BCS-302/l 
5.74 ST-lA 11.46 NIM-N 0.04 DT-N 0.08 NBS-98a 

? Mica Fe 11. 4 ? BHV0-1 0.03 SS 0.08? GnA 
4.58 GL-0 10.98 W-1 0.02 BCS-313 0.06 BCS-267 
4.47 DR-N 10.97 SGD-lA 0.06 BX-N 
4.42? SGR-1 10.48 NBS-91 0.05 NIM-D 
4 .18 1-3 10.20 ST-lA Na20 0.04 DT-N 
3.49 BCR-1 9.35 JB-1 0.04 NBS-97a 
2.99? MAG-1 8.70 M08-l 10.4 BCS-375 0.04 SS 
2.69 SY-2 8.26 SY-3 9.89 NS-1 0.04? GL-0 
2.67? SCo-1 8.20 1-3 8.94? STM-1 0.03 KK 
2.64 SY-3 8.00 SY-2 8.48 NBS-91 0.01 DTS-1 
2.45 M-2 7.09 DR-N 8.30 NIM-L 0.01 PCC-1 
2.31 GS-N 6.98 BCR-1 6.2 NBS-99a 
l. 94 TB 6.46 BM 5.46 SG-lA 
l. 89 T-1 5 .19 T-1 4.64 BM K20 
l. 79? TS 5.00 AGV-1 4.59 1-1 
l. 70? SDC-1 4.05 BCS-302/l 4.39 T-1 15.38 NIM-S 
1.55 AGY-1 3.24 NIM-L 4.35 SY-2 12.83 FK-N 
1.45 BCS-302/l 3 .19? QL0-1 4.31 AGY-1 11. 8 NBS-70a 
l. 34 M08-l 2.69 NIM-P 4.20 ? QL0-1 11.2 BCS-376 
l. 21 M-3 2.61? SCo-1 4 .15 SY-3 ? Mica Mg 
1.00? QL0-1 2.51 GS-N 4.08 ? RGM-1 ? Mica Fe 
0. 96 GSP-1 2.45 GA 4.06 G-2 8 .16 GL-0 
0.95 GA 2 .17 JG-1 3.85 GH 7.90 M-2 
0. 77 G-2 2 .14 NBS-99a 3.8 ? MAG-1 6.51 NS-1 
0.76 JG-1 2.02 GSP-1 3.78 GS-N 5.53 GSP-1 
0.65 NS-1 l. 98 G-2 3.76 GM 5.46 NIM-L 
0.46 NIM-S 1. 75 BCS-267 3.55 GA 5.2 NBS-99a 
0.42 NBS-98a l. 75 M-2 3.39 JG-1 5.00 NIM-G 
0.38 GM l. 73 NS-1 3.30 NIM-G 4.87? TS 
0.28 NIM-L 1. 4 ? SDC-1 3.29 BCR-1 4.76 GH 
0.28? RGM-1 1. 36? MAG-1 3.07 BR 4.74 GM 
0 .19 ? KK 1.18 UB-N 3.00 DR-N 4.64 GS-N 
0 .17 BCS-309 1.12 ? RGM-1 2.98 M-3 4.52 G-2 
0 .16? FK 1.09? STM-1 2.92 1-3 4.51 SY-2 
0.15 NBS-97a 1.04 GM 2.9 ? SGR-1 4.36? RGM-1 
0. 11 BX-N 0.98 GL-0 2.83 BCS-376 4.30? STM-1 
0.11 1-1 0.89 BCS-375 2.82 SGD-lA 4.28 1-1 
0 .10? STM-1 0.80 1-1 2.80 GSP-1 4.24 SY-3 
0.06 BCS-267 0.78 NIM-G 2.79 JB-1 4 .15? FK 
0.05 BCS-375 0.69 GH 2.58 FK-N 4 .14 SG-lA 
0.05 SG-lA 0.66 NIM-S 2.55 NBS-70a 4.03 GA 
0.04 DT-N 0.61? GnA 2.49 ST-lA 3.96 JG-1 
0.04 NIM-G 0.54 BCS-376 2.46 NIM-N 3.85 TB 
0.03 BCS-376 0.53 PCC-1 2.21? BHY0-1 3.63? QL0-1 
0.03 GH ? Mica Fe 2 .15 W-1 3.6 ? MAG-1 
0.03? GnA 0.33 TB 2.07? SDC-1 3.27? SDC-1 
0.02 NBS-69a 0.31 NBS-98a 1.40 M-2 3.25 NBS-91 
0.02 NBS-99a 0.29 NBS-69a 1.31 TB 2.96 SGD-lA 

cont'd ... cont'd ... cont'd •.. cont'd ... 

*Per cent, dry basis. See "Precautionary notes ... ", p. 8 
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TABLE 3 (cont'd.). Usable values, arranged by major and minor components* 

Kz 0 (cont'd .) H20+ (cont'd.) C02 (cont'd.) Ti02 (cont'd.) 

2.93 AGV-1 0.82 AGV-1 0.04? TS 0.07 SG-lA 
2.8 ? SCo-1 0.78? M-3 0.03? BCR-1 0.07? GL-0 
2.65? GnA 0.73 BCR-1 0.02? FK 0.06? FK 
1. 73 DR-N 0.67 NS-1 0.01 AGV-1 0.05 1-1 
1.68 BCR-1 0.57 GSP-1 0.04 NIM-S 
1.65? SGR-1 0.55 G-2 0.04 SS 
1. 43 1-3 0.54 JG-1 Ti02 0.02 BCS-313 
1. 42 JB-1 0.53 W-1 0.02 NBS-91 
1. 41 BR 0.48 NIM-G 3.75 MRG-1 0.02 NIM-D 
1.23 T-1 0.47 SY-3 2.78 NBS-69a 0.02? FK-N 
1.17 BCS-367 0.46 DTS-1 2.69? BHV0-1 0.02? GnA 
1.06 KK 0.46 GH 2.61 BR 0.01 DTS-1 
1.04 NBS-98a 0.46 SY-2 2.60 1-3 0.01 NBS-70a 
0.78 BCS-375 0.41? FK ? Mica Fe 0.01 NBS-99a 
0.71 M-3 0.35 GM 2.41 BX-N 0.01 PCC-1 
0.69 ST-lA 0.32 NIM-N 2.22 BCR-1 
0.64 W-1 0.32? FK-N 1. 93 BCS-309 
0.56 BCS-302/l 0.30 NIM-D 1. 90 NBS-97a P20s 
0.52? BHV0-1 0.26 NIM-P 1.82 ST-lA 
0.50 NBS-97a 0.22 NIM-S 1. 71 SGD-IA 2.02 BCS-302/l 
0.46 BCS-309 0.21 SG-lA ? Mica Mg 1.05 BR 
0.25 NIM-N 0 .13 ? 1-1 1. 61 NBS-98a 1.01 SGD-lA 
0.20 BM 1.40 DT-N 0.54 SY-3 
0.18 MRG-1 1.34 JB-1 0.50 AGV-1 
0 .14 BCS-267 C02 1.14 BM 0.50? M-2 
0.12 DT-N 1. 10 DR-N ? Mica Fe 
0.09 NIM-P 5.4 ? BCS-302/l 1. 07 W-1 0.44 SY-2 
0.07 BX-N 2.98? M-3 1.06 NS-1 0.40? 1-3 
0.06 SS 1.34 BM 1.05 AGV-1 0.38 GL-0 
0.04 BCS-313 1.01 MRG-1 1.02? SDC-1 0.36? M-3 
0.02 UB-N 0.86 BR 0.93 TB 0.36 NBS-97a 
0.01 NIM-D 0.48 BX-N 0.83 M-3 0.33 BCR-1 

0.46? SY-2 0.75 BCS-367 ? MAG-1 
0.44 UB-N 0. 75? MAG-1 0.28 GS-N 

HzO+ 0.42? NIM-D 0.73? TS 0.28 GSP-1 
0.40 SY-3 0. 72 M-2 0.28 NS-1 

12.75 KK 0.28 GM 0.71 M08-l 0.28? BHV0-1 
11. 69 BX-N ? Mica Fe 0.68 GS-N 0.28? TS 
11.28 UB-N ? Mica Mg 0.66 GSP-1 0.26 JB-1 
10 .4 ? BCS-302/l 0 .18? GS-N 0.64? SCo-1 0.26? QL0-1 
5.72? GL-0 0 .18 ? JB-1 0.62 LOl-1 0.25 DR-N 
4.64 PCC-1 0 .18 ? NIM-L 0.62? QL0-1 0.21 ST-lA 
4.06 ? TS 0.17? KK 0.59 T-1 0.17? SDC-1 
3.82 TB 0 .16 PCC-1 0.50 G-2 0.16? STM-1 
3.62 BM 0 .15 DR-N 0.49 BCS-302/l 0.14 G-2 
3.21? M-2 0 .14 GH 0.49 NIM-L 0.14 T-1 

? Mica Fe 0 .14? NS-1 0.38 BCS-375 0 .14 W-1 
2.34 NIM-L 0.13 SGD-lA 0.38 GA 0 .14? BCS-367 
2.31 BR 0.13 TB 0.29? SGR-1 0.13 BX-N 
2.20 DR-N 0 .12 GSP-1 0.27 JG-1 0 .12 GA 
1. 8 ? GnA 0. 11 GA 0.27? RGM-1 0 .12 M08-l 
1. 71? 1-3 0.11? NIM-N 0.21 GM 0.12 NIM-S 

? Mica Mg 0 .10 ST-lA 0.20 NIM-N 0. 11 NBS-98a 
1. 53 T-1 0 .10? NIM-G 0.20 NIM-P 0 .10 BM 
1.07 GS-N 0 .10 ? NIM-P 0 .17 BCS-267 0 .10 TB 
1.01 JB-1 0.08 G-2 0 .17 KK 0.09 DT-N 
0. 99 MRG-1 0.08? FK-N 0 .15 SY-2 0.09 JG-1 
0.98 DT-N 0.08? JG-1 0 .15 SY-3 0.09 KK 
0.97 ST-lA 0.08 ? NIM-S 0.13? STM-1 0.08 NBS-69a 
0.87 GA 0.07? SG-lA 0 .12 UB-N 0.08? FK 
0.83 SGD-lA 0.06 DTS-1 0.09 NIM-G 0.07 MRG-1 

cont'd ... 0.06 W-1 0.08 GH 
cont'd ... 

cont'd ... cont'd ... 
*Per cent , dry basis. See "Precautionary notes ... II ' p. 8 
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TABLE 3 (cont'd.). Usable values, arranged by major and minor components* 

P20s (cont'd.) s MnO (cont'd. ) Fe203T (cont'd.) 

0.06 GM 0.94 BCS-367 0 .12 PCC-1 6.92 TB 
0.06 NIM-L 0.81 LOl-1 0 .12 UB-N 6.9 ? SDC-1 
0.05? RGM-1 0.46 M08-I 0 .12 SDC-1 6.84 AGV-1 
0.03 NIM-N 0 .10 BCS-302/1 0. 11 DTS-1 6.8 ? MAG-I 
0.03 NIM-P 0.08? SCo-1 0. 11 T-1 6.47 SY-3 
0.03 UB-N 0.07 ST-IA 0 .10 AGV-1 6.29 SY-2 
0.03? LOI-I 0.06 MRG-1 0 .10 MAG-I 5.93? T-1 

? Mica Mg 0.06 NIM-L 0.09 QL0-1 5.8 NBS-69a 
0.02 1-1 0.05 SY-3 0.09 GA 5. 72 M08-l 
0.02 NBS-91 0.04 GSP-1 0.06 GS-N 5 .19? STM-1 
0.02 NBS-99a 0.04? BCR-1 0.06 JG-I 5.06? SCo-1 
0.02 NIM-G 0.04? BR 0.06 M08-I 4.55 M-3 
0.02? FK-N 0.02 KK 0.05 BX-N 4.33 GSP-1 
0.02? 1-2 0.02 NBS-69a 0.05 GH 4.3 ? QL0-1 
0.02? NIM-D 0.02 SG-IA 0.05 TB 4.20 NS-1 
0.01 GH 0.02 SGD-IA 0.05 SCo-1 3.75 GS-N 
0.01 SG-lA 0.02? NIM-D 0.04 G-2 3.2 SGR-1 
0.01 SS 0.02? NIM-P 0.04 GM 2. 77 GA 

0.02? NIM-S 0.04 GSP-1 2.67 G-2 
0 .02? TS 0.04 RGM-1 2.25 SG-lA 

F 0.01 PCC-1 0.04 SGR-1 2 .16 JG-1 
0.01 SY-2 0.04? TS 2.02 GM 

5.72 NBS-91 0.01? AGV-1 0.03 1-1 2.02 NIM-G 
3.4 ? GnA 0.01? 1-1 0.03? BCS-309 1.87? RGM-1 

? Mica Mg 0.01? NIM-G 0.02 KK 1. 53 BCS-309 
? Mica Fe 0.01? NIM-N 0.02 NBS-69a 1.40 NIM-S 

0.70 SY-3 0.01? NS-1 0.02 NIM-G 1.36 GH 
0.50 SY-2 0.01? T-1 0.01 DT-N 1. 34 NBS-98a 
0.42? NIM-G 0.01? W-1 0.01 NBS-91 1.11 BCS-367 
0.42? NIM-L 0.01 NIM-S 0.98 KK 
0.38 GSP-1 0.01? FK 0.86 LOl-1 
0.35 GH MnO 0.01? GL-0 0.79 BCS-267 
0.30 SG-lA 0.66 DT-N 
0.15 ? GL-0 1.27 LOI-I 0.54 1-1 
0 .13 G-2 1.16 BCS-367 Fe203T 0.45 NBS-97a 
0.13 NS-1 0.76 NIM-L 0.26? FK 
0.12 SGD-IA ? Mica Fe 47.6 BCS-302/1 0 .12 BCS-375 
0.10 BR 0.33 SY-3 ? Mica Fe 0 .10 BCS-376 
0 .10 M-2 0.32 SY-2 23.27 BX-N 0.09? FK-N 
0 .10 ? STM-1 0.28 BCS-302/1 20. I 1 GL-0 0.08? NBS-70a 
0.08? SCo-1 0.28 M-3 17 .80 MRG-1 0.08? NBS-91a 
0.07? GM 0.26 M-2 16. 96 NIM-D 0.06 NBS-99a 
0.07? 1-3 ? Mica Mg 16.22 1-3 0.04 SS 
0.07? TB 0.22 1-3 15.32 ST-IA 0.02 BCS-313 
0.06? M-3 0.22 NIM-D 13.52 BCR-1 
0.05 GA 0.22 NIM-P 12.90 BR 
0.05? BCR-1 0.22 STM-1 12.76 NIM-P 
0.05? JG-I 0.21 DR-N 12 .o ? BHV0-1 
0.05? T-1 0.21 ST-lA 11. 48 SGD-lA 
0.04? AGV-1 0.20 BR 11.11 W-1 
0.04? JB-1 0 .19 BCR-1 10.16? GnA 
0.04? RGM-1 0.19 NS-1 ? Mica Mg 
0.03? NIM-N o. 19 SG-lA 9.96 NIM-L 
0.03? QL0-1 0 .18 NIM-N 9.69 DR-N 
0.03? ST-lA 0.17 MRG-1 9.68 BM 
0.02 MRG-1 0.17 SGD-lA 9.25 M-2 
0.02 W-1 0 .17 W-1 9.01 JB-1 
0.02? BM 0 .17 BHV0-1 8.91 NIM-N 
0.01? NIM-D 0 .16 ? GnA 8.60 DTS-1 
0.01? NIM-N 0. 15 BCS-267 8.45 UB-N 
0.01 ? NIM-P 0 .15 JB-1 8.28 PCC-1 
0.01? NIM-S 0.14 BM 7.30? TS 

cont'd ... cont'd ... 

*Per cent, dry basis. See "Precautionary notes ... II p. 8 . 
' 
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TABLE 4. Usable values, arranged by "trace elements"* 

Ag ppb Ba ppm (cont'd. ) pet Bao Be ppm (cont'd.) 

110 AGV-1 1200 AGV-1 0.13 4 ? TB 

81 W-1 1200 NS-1 0.13 3.6 GA 

55 ? JB-1 1150 ? ASK-1 0.13? 2.6 G-2 

50 ? JG-1 1050 BR 0 .12 2.0 SGD- lA 

30 ? BCR-1 900 VS-N 0.10 2 ? KK 

8 DTS-1 850 GA 0.10 1. 5? GSP-1 

5 PCC-1 750 ? RGM-1 0.08 1. 3? BM 
720 TB 0.08 1. 0 ST-IA 
700 NBS-97a 0.08 1 ? BR 

As ppm pet As 2 0 3 T** 690 ? 1-3 0.08 1 ? MRG-1 
680 BCR-1 0.08 1 ? NIM-N 

1350 NBS-91 0.18 
670 ? T-1 0.08 1 ? NIM-S 

61 NBS-1633 0.01 590 ? SDC-1 0.07 0.8 W-1 

26 ASK-2 550 ? STM-1 0.06 

20 ? SY-3 550 ? SCo-1 0.06 

18 ? SY-2 490 JB-1 0.06 Bi ppm pet Bi2v3 

15 ? W-1 480 ? 1-1 0.05 

1. 9 W-1 480 ? MAG-1 0.05 900 ? VS-N 0 .10? 

l ? MRG-1 460 JG-1 0.05 230 ? GnA 0.03? 
460 NIM-L 0.05 
460 SY-2 0.05 ___EP.Q 

Au ppb 440 SY-3 0.05 57 AGV -1 
380 DR-N 0.04 50 BCR-1 

3. 7? W-1 330 GM 0.04 46 ? W-1 

1.6? GSP-1 320 ? SGR-1 0.04 43 G-2 

1.0? G-2 290 ST-lA 0.03 37 ? GSP-1 
270 NBS-98a 0.03 13 PCC-1 
260 BM 0.03 10 DTS-1 

B ppm pet B2 0 3 
210 ? FK-N 0.02 
180 NBS-70a 0.02 

300 ? VS-N 0.10 
160 W-1 0.02 C (non-carbonate) 

155 ? ASK-2 0.05 
? Mica Fe 

145 ? UB-N 0.05 130 ? BHV0-1 0.01 ~ ~ 
100 ? SY-3 0.03 

125 ? M-3 0.01 

92 ? TB 0.03 
110 ? NIM-G 0.01? 6200 DT-N 0.62 

86 ? SY-2 0.03 
100 NIM-N 0.01 360 SG-lA 0.04 

20 GA 0.01 
90 NBS-69a 0.01 300 ? MRG-1 0.03? 

16 SGD-lA 0.01 
56 ? NIM-P 0.01 300 ? SY-2 0.03? 

15 ST-lA 55 ? MRG-1 0.01 300 ? SY-3 0.03? 

15 ? W-1 45 ? UB-N 0.01 280 SGD-lA 0.03 

13 ? GM 
22 GH 240 ST-lA 0.02 

13 ? NIM-S 19 SG-lA 

12 ? JB-1 10 ? NIM-D 

10 SG-lA 2.4 DTS-1 Cd ppm pet CdO 

10 ? BR 
8 ? NIM-G 900 ? VS-N 0.10? 

6 ? JG-1 Be ppm pet BeO 2.8? SS 

5 ? MRG-1 
4 ? NIM-D 23 SY-2 0.01 ___EP.Q 

20 ? NIM-L 0.01 150 W-1 
19 SY-3 0.01 39 G-2 

Eld ppm pet Bao 15 ? NIM-L 
11 SG-lA 

2700 ? NBS-1633 0.30? 
? Mica Fe Ce ppm pet Ce02 

2600 NIM-S 0.29 
10 ? STM-1 

2300 NBS-99a 0.26 
7 ? NIM-G 2000 ? SY-3 0.25? 

1850 G-2 0.21 
6 ? GH 390 ? GSP-1 0.05 

1550 ? M-2 0.17? 5 ? GnA 290 ? NIM-L 0.03 

1400 ? GS-N 0.16? 5 ? NS-1 250 ? ASK-1 0.03 

1350 ? QL0-1 0.15 
4.4? GM 210 ? SY-2 0.03 

1300 GSP-1 0.14 4 ASK-1 200 ? NIM-G 0.02 

1300 SGD-lA 0 .14 
4 ASK-2 150 SGD-lA 0.02 

cont 'd ... cont'd ... cont'd ... 

*See "Precautionary notes ... ", P· 8 · 
**Total a rsenic, expressed as As 2 0 3 
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TABLE 4 (cont'd.). Usable values, arranged by "trace elements"* 

Ce ppm (cont'd.) pet Ce02 Co ppm (cont'd.) pet Coo Cr ppm (cont'd.) pet Cr 20 3 

150 ? G-2 0.02 110 UB-N 0.01 320 ? BHV0-1 0.05 
145 ? NBS-1633 0.02 87 MRG-1 0.01 280 ? BX-N 0.04 
140 BR 0.02 65 ? GS-N 0.01 240 ? DT-N 0.04 
115 ? TB 0.01 60 NlM-N 0.01 200 ? NBS-97a 0.03 

70 GA 0.01 50 BR 0.01 200 ? NBS-98a 0.03 
67 ? JB-1 0.01 50 W-1 0.01 140 ST-lA 0.02 
67 ? SG-lA 0.01 49 ? 1-3 0.01 140 ? GL-0 0.02 
63 ? AGV-1 0.01 46 ST-lA 0.01 130 NBS-1633 0.02 
60 ? GM 0.01 45 ? BHV0-1 0.01 125 BM 0.02 
54 BCR-1 0.01 40 NBS-1633 0.01 120 W-1 0.02 
50 ? GH 0.01 40 SGD-lA 0.01 105 ? MAG-1 0.02 
50 ? NlM-P 0.01 40 ? BX-N 0.01 90 ASK-2 0.01 
43 ? JG-1 0.01 39 JB-1 ? Mica Fe 0.01 
25 ? MRG-1 38 ? TS 80 TB 0.01 
23 ? BM 37 BCR-1 68 ? SDC-1 0.01 
23 ? W-1 35 DR-N 65 ? SCo-1 0.01 
22 ? ST-lA 34 BM 56 ? M-2 0.01 
11 ? NlM-S 30 ? M-2 55 ? GS-N 0.01 
10 ? NlM-N 27 ASK-2 54 ? M-3 0.01 

20 ? SDC-1 53 JG-1 0.01 
? Mica Fe 52 SGD-lA 0.01 

Cl ppm pet Cl 18 ? MAG-! 45 DR-N 0.01 
17 AGV-1 40 ASK-1 0.01 

MAG-! 3.1? 17 ? GL-0 34 NlM-N 
1300 NIM-L 0.13 16 ? FK-N 32 ? SGR-1 
840 ? UB-N 0.08 14 ? DT-N 26 ? 1-3 
500 ? STM-1 0.05 13 TB 20 ? T-1 
430 ? ST-lA 0.04 13 ? T-1 16 BCR-1 
400 ? DR-N 0.04 12 SY-3 14 NlM-G 
400 ? GSP-1 0.04 10 ? M-3 14 NIM-L 
400 ? NIM-D 0.04 10 ? SCo-1 13 GSP-1 
370 ? BR 0.04 10 ? SGR-1 13 NIM-S 
300 ? GA 0.03 10 ? SY-2 12 AGV-1 
300 ? NS-1 0.03 8 ? NS-1 12 GA 
220 ? SGD-lA 0.02 7 GSP-1 12 SG-lA 
200 ? AGV-1 0.02 7 ? QL0-1 10 GM 
200 ? W-1 0.02 6.4? JG-1 10 SY-2 
175 ? JB-1 0.02 6 ASK-! 10 ? KK 
160 ? NlM-G 0.02 6 G-2 10 ? NS-1 
150 ? MRG-1 0.02 6 ? NlM-L 9 G-2 
140 NBS-91 0.01 5 GA 8 SY-3 
140 ? SY-2 0.01 4 NlM-G 7 ? 1-1 
135 ? SY-3 0.01 3.5 GM 6 GH 
100 ASK-! 0.01 3 NlM-S 3 ? FK-N 
100 ? BCR-1 0.01 l. 5? GH 
100 ? G-2 0.01 1.4 SG-lA 
100 ? GH 0.01 0.5? SS Cs ppm pet Cs20 
100 ? PCC-1 0.01 

80 ? NlM-P 0.01 900 ? VS-N 0.10? 
70 ? NlM-N 0.01 Cr ppm pet Cr20 3 ? Mica Fe 
70 ? NIM-S 0.01 45 ? GnA 
59 ? JG-1 0.01 NIM-P 3.53 12 SG-lA 
14 ASK-2 4400 DTS-1 0.64 11 ? ASK-2 

3000 PCC-1 0.44 10 ? JG-1 
2900 NlM-D 0.42 9 NBS-1633 

Co ppm pet Coo 2400 ? SW 0.35? 7.6? GM 
2200 UB-N 0.33 7 ? FK-N 

700 VS-N 0.09 700 VS-N 0 .10 6.8 TB 
210 NlM-D 0.02 420 MRG-1 0.06 6 GA 
135 DTS-1 0.02 400 JB-1 0.06 6 ? NlM-S 
110 NlM-P 0.01 380 BR 0.06 4 SGD-lA 
110 PCC-1 0.01 340 ? NBS-69a 0.05 3.5? NIM-L 

cont'd ... cont'd ... cont'd ... 

*See "Precautionary notes .•. II ' p. 8 
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TABLE If (cont'd.). Usable values, arranged by "trace elements"* 

Cs ppm (cont'd.) Cu ppm (cont'd.) Eu ppm 

3.3? NS-1 11 PCC-1 15 ? SY-3 
2.5 GH 11 ? RGM-1 6 SGD-lA 
2.5 SY-3 10 NIM-D lf .5 ASK-1 
2.5? SY-2 10 ? DT-N If ? STM-1 
1. 7? BM 10 ? NS-1 3 ST-lA 
1. 5? ASK-1 9 ? KK 2.5? NBS-1633 
1.3 G-2 8 ? 1-1 2 .If? GSP-1 
1.3? BR 8 ? SS 2 .2? SY-2 
1.0 GSP-1 7 ASK-1 1. 9 BCR-1 
l ? NIM-G 7 DTS-1 1. 7? AGV-1 
1.0? JB-1 5 ? GL-0 1.7? BHV0-1 
0.95 BCR-1 If JG-1 1. 5 G-2 
0.9 ST-lA If SY-2 l.5? JB-1 
0.9 W-1 ? Mica Fe l. If? MRG-1 
0.5? MRG-1 3 ? STM-1 1. l W-1 

3 ? FK-N 1.1? BM 
eeb 1.0? NIM-L 

6 DTS-1 0.7 ? JG-1 
6 PCC-1 Dy ppm pet Dy203 0.6? GM 

0.6? NIM-N 
120 ? SY-3 0.01 0.5? SG-lA 

Cu ppm pet CuO 21 ? SY-2 O.lf? NIM-G 
16 ? NIM-G 0.3? NIM-S 

800 VS-N 0.10 11 ? ASK-1 0.2 ? NIM-P 
220 ST-lA 0.03 7 ? GH 
165 ? 1-3 0.02 6.3 BCR-1 
135 MRG-1 0.02 5.lf GSP-1 Ga ppm pet Ga203 
130 ? M-2 0.02 5 ? SG-lA 
120 ASK-2 0.02 If W-1 lfOO ? VS-N 0.05? 
110 W-1 0.01 If ? JB-1 ? Mica Fe 

72 BR 0.01 If ? SGD-lA 60 ? GnA 0.01 
68 SGD-lA 0.01 If ? ST-lA lfO SG-lA 
68 ? SGR-1 0.0 l 3.5 AGV-1 35 NIM-L 
63 AGV-1 0.01 3 ? JG-1 32 ? NS-1 
56 JB-1 0.0 l 3 ? NIM-L 30 ? DT-N 
52 DR-N 0.01 3 ? NS-1 29 ASK-1 
50 TB 0.01 2.6 G-2 28 SY-3 
lf5 BM 0.01 l ? NIM-N 26 SY-2 
lf5 ? T-1 0.01? 0.5? NIM-D 26 ? NIM-G 
35 GSP-1 0.5? NIM-S 25 ASK-2 
33 ? MAG-1 25 DR-N 
31 SG-lA eeb 25 TB 
30 UB-N 3 DTS-1 23 BCR-1 
30 ? SCo-1 23 G-2 
30 ? SDC-1 23 GH 
29 ? QL0-1 Er ppm pet Er 20 3 23 ? M-2 
25 ? M-3 21 GSP-1 
21 NIM-S 50 ? SY-3 0.01 20 AGV-1 
20 ? BX-N 10 ? NIM-G 20 BR 
20 ? GS-N 7 ? SG-lA 20 ? T-1 
19 BCR-1 5.7? ASK-1 19 SGD-lA 
18 NIM-P 3. 7? BR 18 MRG-1 
17 SY-3 3.6 BCR-1 17 ? 1-3 
16 GA 2.8? SGD-lA 17 ? JB-1 
16 ? GnA 2.lf W-1 17 ? M-3 
l If GH 2.3? JB-1 16 GA 
l If NIM-L 2 ? NS-1 16 NIM-N 
13 GM 2 ? ST-lA 16 ST-lA 
12 NIM-G 16 W-1 
11 G-2 15 BM 
11 NIM-N 15 GM 

cont'd ... cont'd ... 

*See "Precautionary notes .•. II p. 8. ' 
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TABLE 4 (cont'd.). Usable values, arranged by "trace elements"* 

Ga (cont'd.) Ho ppm (cont'd.) Li ppm pet Li20 

15 ? JG-I 0.7? W-1 2200 ? GnA 0.48? 
8 ? NIM-P 0.5? SGD-IA ? Mica Fe 
8 ? NIM-S 510 ? NBS-97a 0. 11 
7 ? UB-N eeb 500 ? VS-N 0.10? 
l ? NIM-D 3 DTS-1 390 SG-lA 0.08 

330 NBS-98a 0.07 
170 ? KK 0.04 

Gd ppm In ppb 115 TB 0.02 
94 ? JG-1 0.02 

17 .5 ASK-1 95 ? BCR-1 90 GA 0.02 
11 ? NIM-G 65 W-1 90 SY-2 0.02 
6.6 BCR-1 34 ? G-2 90 SY-3 0.02 
4 ? W-1 2. 5? DTS-1 70 BM 0.02 

70 ? GL-0 0.02 
55 ? GS-N 0.01 

Ge ppm Ir ppb 51 GM 0.01 
46 ? RGM-1 0.01 

3.3 SG-IA 5.2? PCC-1 45 DR-N 0.01 
2.5 ? TB 0.3? W-1 45 ? GH 0.01 
l. 7? W-1 44 ? SCo-1 0.01 
l. 6 ST-lA 43 ? NIM-L 0.01 
1.6 ? GM La ppm pet La203 37 G-2 0.01 
l. 5 SGD-lA 34 GSP-1 0.01 
l. 5? BCR-1 1400 ? SY-3 0.16? 32 ? SDC-1 0.01 
l. 5? GA 900 ? VS-N 0 .10? 30 ASK-2 0.01 
l. 15 G-2 240 ? NIM-L 0.03 30 ? UB-N 0.01 
l ? NS-1 200 ? GSP-1 0.02 27 ? STM-1 0.01 
0.93 PCC-1 155 ? STM-1 0.02 20 NS-1 
0.9? DTS-1 125 ASK-1 0.02 20 ? 1-3 

120 ? M-2 0.01 18 ASK-1 
110 ? NIM-G 0.01 14 AGV-1 

Hf ppm pet Hf02 105 ? NS-1 0.01 14 SGD-lA 
100 G-2 0.01 14 ST-lA 

190 ? NIM-L 0.02 85 ? SY-2 0.01 13 BCR-1 
13 ? GSP-1 82 ? NBS-1633 0.01 13 BR 
12 ? NIM-G 80 BR 0.01 12 W-1 
8 ? NBS-1633 78 SGD-lA 0.01 12 ? NIM-G 
7.5 ? G-2 60 ? M-3 0.01 11 ? JB-1 
5.2 ? AGV-1 56 ? TB 0.01 6 ? NIM-N 
4.5? BCR-1 45 ? AGV-1 0.01? 5 ? SS 
4 ? BHV0-1 41 SG-lA 4 ? BHV0-1 
2 ? W-1 38 GA 4 ? MRG-1 
0. 7? NIM-S 36 ? JB-1 4 ? NIM-D 

35 ? GM 4 ? NIM-P 
30 ? 1-3 2 ? NIM-S 

Hg ppb 25 BCR-1 
25 ? GH 

39 ? G-2 22 ? JG-1 Lu ppm 
16 ? GSP-1 14 ST-lA 
15 ? AGV-1 12 ? W-1 8 ? SY-3 
11 ? BCR-1 10 ? MRG-1 3 ? SY-2 
9 ? DTS-1 8.6? BM 2 ? NIM-G 
7 ? PCC-1 4 ? NIM-S 0.7 ASK-1 

3 ? NIM-N 0.6? BCR-1 
2 ? NIM-P 0.4? BM 

Ho ppm 0.3 ? NIM-D 0.4? W-1 
0.3? AGV-1 

3 ? NIM-G 0.3? JB-1 
l. 7? ASK-1 0.2? GSP-1 
l ? SG-lA 0.2? JG-1 
0.8? ST-lA 0.2? NIM-N 

cont'd ... 
0 .1? G-2 

*See "Precautionary II p. 8 . 
cont'd ... 

notes ... 
' 
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TABLE 4 (cont'd.). Usable values, arranged by "trace elements"* 

Lu (cont'd. ) Nb (cont'd. ) Ni ppm (cont'd.) 

.eE£ 10 ? GA 22 DR-N 
6 PCC-1 9.5? W-1 17 AGV-1 

8 SGD-lA 17 ? 1-3 
8 ST-lA 17 ? M-3 

Mo ppm pet Mo03 3.5? NIM-S 13 BCR-1 
2 ? NIM-N 11 SG-lA 

700 ? VS-N 0.10? 11 SY-3 
97 ? GnA 0.02 10 SY-2 
60 ASK-2 0.01 Nd ppm pet Nd203 10 ? T-1 
20 ? JB-1 9 GSP-1 

6 ? STM-1 500 ? SY-3 0.06? 8 NIM-G 
5 ? NIM-L 190 ? GSP-1 0.02 8 ? JG-1 
4 ? NIM-D 95 ? ASK-1 0.01 7.5 GM 
3 ? BCR-1 83 ? NS-1 0.01 7 GA 
3 ? BR 70 ? NIM-G 0.01 7 ? QL0-1 
3 ? DTS-1 70 ? SY-2 0.01 6 G-2 
3 ? GH 66 ? SGD-lA 0.01 6 NIM-S 
3 ? NIM-G 60 ? G-2 0.01 6 ? NIM-L 
3 ? NIM-L 45 ? NIM-L 0.01 6 ? NS-1 
3 ? NIM-N 39 ? AGV-1 3 GH 
3 ? NS-1 29 BCR-1 3 ? FK-N 
2 ? JG-1 25 ? GA 3 ? STM-1 
1. 8 ST-lA 25 ? GH 2.6? SS 
1.5 SGD-lA 21 ? JB-1 
1. 3 SG-lA 18 SG-lA 
1.1? GM 15 W-1 Os ppb 
1 GA 9 ? ST-lA 
l ? G-2 6 ? NIM-S 0.25? W-1 
l ? GSP-1 1.5? NIM-N 
0.6? BM 
0.6? W-1 Pb ppm pet PbO 

Ni ppm pet NiO 
900 ? NBS-91 0.10 

N ppm pet N 2500 PCC-1 0.32 900 ? VS-N 0.10 
2400 DTS-1 0.31 240 ? FK-N 0.03 

56 ? G-2 0.01 2100 NIM-D 0.27 230 SG-lA 0.02 
52 ? W-1 0.01 2000 UB-N 0.25 145 ? BX-N 0.02 
48 ? GSP-1 800 VS-N 0.10 130 SY-3 0.01 
44 ? AGV-1 560 NIM-P 0.07 120 ? KK 0.01 
43 ? PCC-1 260 BR 0.03 86 SY-2 0.01 
30 ? BCR-1 200 MRG-1 0.02 74 ? 1-1 0.01 
27 ? DTS-1 200 ? BX-N 0.02 70 ? NBS-1633 0.01 
17 ? GM 150 ASK-2 0.02 65 DR-N 0.01 

140 ? BHV0-1 0.02 60 ? GS-N 0.01 
135 JB-1 0.02 53 GSP-1 0.01 

Nb ppm pet Nb20s 120 NIM-N 0.02 45 GH 
110 ASK-1 0.01 42 NIM-L 

920 NIM-L 0.13 98 NBS-1633 0.01 40 ? T-1 
380 SG-lA 0.05 90 ST-lA 0.01 39 ? NIM-G 
145 ? SY-3 0.02 78 W-1 0.01 36 AGV-1 
120 NS-1 0.02 57 BM 0.01 33 ? TS 
100 ? BR 0.01 54 ? MAG-1 0.01 30 GA 

85 ? GH 0.01 50 SGD-lA 0.01 30 GM 
52 NIM-G 0.01 50 ? SDC-1 0.01 29 G-2 
29 GSP-1 40 TB 0.01 28 ? DT-N 
25 ? SY-2 36 ? GL-0 26 ? JG-1 
20 ? MRG-1 36 ? M-2 22 ? GnA 
19 ? BHV0-1 ? Mica Fe 21 ? QL0-1 
15 AGV-1 34 ? GS-N 20 ? M-3 
14 BCR-1 29 ? SCo-1 20 ? RGM-1 
14 G-2 29 ? SGR-1 20 ? UB-N 

cont'd ... cont'd ... cont'd ... 

*See "Precautionary notes ... ", p. 8. 
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TABLE 4 (cont'd.). Usable values, arranged by "trace elements"* 

Pb ppm (cont'd. ) Rb ppm (cont'd.) pet Rb20 Sb ppm (cont'd.) 

18 SGD-lA 240 GL-0 0.03 l ST-lA 
17 ? FK 220 SY-2 0.02 1.0 W-1 
17 ? M-2 210 NS-1 0.02 l ? NIM-P 

? Mica Fe 210 SY-3 0.02 l ? SGD-lA 
15 BCR-1 195 NIM-L 0.02 0.6 BCR-1 
12 BM 190 ? GS-N 0.02 0.6? DTS-1 
12 ? JB-1 185 JG-1 0.02 0.6? NIM-G 
I I DTS-I I80 TB 0.02 0.6? NIM-S 
10 MRG-1 175 ASK-2 0. 02 0.5? GM 
10 PCC-1 175 GA 0.02 0.5? MRG-1 
10 ? 1-3 170 G-2 0.02 0.3? NlM-L 
8 BR 170 ? RGM-1 0.02 0.3? SY-3 
8 W-1 160 ? KK 0.02 0.2? SY-2 
7 TB 135 ? FK 0.01 0.1? G-2 
6 ST-JA 130 ? 1-1 0.01 0 .1? JG-1 
6 ? NlM-N 115 ? NBS-1633 0.01 
5.7? SS 85 ASK-I 0.01 
4 NlM-S 75 DR-N 0.01 Sc ppm pet Sc203 
4 ? NlM-P 73 SGD-lA 0.01 

67 AGV-1 0.01 300 ? VS-N 0.05? 
47 BCR-1 0.01 50 ? 1-3 0.01 

Pd ppb 47 BR 0.01 48 ? MRG-1 0.01 
42 ? 1-3 43 ST-JA 0.01 

25 ? W-1 41 JB-1 38 ? NlM-N 0.01 
25 ? M-3 35 ? W-1 0.01 
21 W-1 34 BCR-1 0.01 

Pr ppm 16 ST-lA 34 BM 0.01 
12 BM 30 ? BHV0-1 

26 ? ASK-I 10 ? BHV0-1 30 ? M-2 
23 ? NS-1 8 MRG-1 27 ? NlM-P 
10 ? SGD-lA 8 ? UB-N 27 ? SGD-lA 
4 ? W-1 5 ? NlM-N 27 ? JB-1 
3 ? SG-lA 5 ? NIM-P 27 ? NBS-1633 
2 ? ST-IA 0.06? PCC-1 26 ? BR 

0.05? DTS-1 19 ? SDC-1 
18 ? MAG-1 

Ra ppb 13.5 TB 
Re ppb 12 AGV-1 

0.71? G-2 11 ? SY-3 
0.69? AGV-1 0.8 ? BCR-1 10 ? QL0-1 
0.66? GSP-1 0.07? PCC-1 9 PCC-1 
0.56? BCR-1 8 GSP-1 

8 ? GnA 
EEt Rh ppb 7 GA 

1.8 ? PCC-1 7 ? ASK-I 
0.3 ? DTS-1 1. 0 ? PCC-1 7 ? NlM-D 

0.9 ? DTS-1 7 ? SY-2 
0.2 ? BCR-1 6.5 JG-1 

Rb ppm pet Rb20 5 .1 GM 
5 SG-lA 

? Mica Fe Ru ppb 5 ? RGM-1 
2100 ? GnA 0.23? 4 G-2 
llOO SG-lA 0.12 9.5 ? PCC-1 4 ? DTS-1 
900 ? VS-N 0.10? 3.6? NlM-S 
850 ? FK-N 0.09 1 ? GH 
550 NBS-70a 0.06 Sb ppm pet Sb203 l ? NlM-G 
550 NlM-S 0.06 0.3? NlM-L 
390 GH 0.04 800 ? VS-N 0 .10? 
330 NlM-G 0.04 7 ? NBS-1633 
310 ? M-2 0.03 4.3? AGV-1 Se ppm 
250 GM 0.03 3.3? TB 
250 GSP-1 0.03 3 .1? GSP-1 10 NBS-1633 

cont'd ... 
2 ? BM 
1.4 PCC-1 

*See "Precautionary notes ... ", p. 8 • 1. 3? SG-lA 

cont'd ... 
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TABLE 4 (cont'd.). Usable values, arranged by "trace elements"* 

Sm ppm pet Sm203 Sr ppm pet SrO Ta ppm 

95 ? SY-3 0.0 I 4600 NlM-L 0.54 22 ? NlM-L 
27 ? GSP-1 2300 SGD-lA 0.27 5 ? NlM-G 
17 SGD-lA 1500 NBS-97a 0 .18 
16 ? NlM-G 1400 ? NBS-1633 0.17? 
16 ? SY-2 1320 BR 0 .1 6 Tb ppm 
13 ASK-1 930 NS-1 0. 11 
12 ? BR 800 ? VS-N 0.10? 15 ? SY-3 
12 ? NBS-1633 720 ? STM-1 0.09 3 ? NlM-G 
10 ? GH 680 ASK-1 0.08 2 ? NBS-1633 
10 ? NS-1 660 AGV-1 0.08 1. 9 ASK-1 
9 ? TB 570 ? GS-N 0.07 1. 3 GSP-1 
7.3? G-2 500 ? M-3 0.06 1.0 BCR-1 
7 SG-lA 480 G-2 0.06 0.7 AGV-1 
6.6? BCR-1 440 JB-1 0.05 0.7? NlM-L 
6 ? GM 420 ? T-1 0.05 0.65 W-1 
6 ? NlM-L 420 ? SGR-1 0.05 0.54 G-2 
5.9? AGV-1 400 DR-N 0.05 0.1? NlM-S 
5 ? GA 400 ? BHV0-1 0.05 
4.8? JB-1 350 ? QL0-1 0.04 
4.6? JG-1 330 BCR-1 0.04 Th ppm pet Th02 
4 ST-lA 330 NBS-98a 0.04 
4 ? BM 310 GA 0.04 980 ? SY-3 0. 11 
3.6? W-1 300 SY-3 0.04 370 ? SY-2 0.04 
2 ? NlM-D 270 ST-lA 0.03 120 SG-lA 0.01 
1.2? NlM-S 270 SY-2 0.03 105 GSP-1 0.01 
l ? NlM-N 260 1-3 0.03 90 ? GH 0.01 

260 MRG-1 0.03 63 NlM-L 0.01 
260 NlM-N 0.03 53 NlM-G 0.01 

Sn ppm pet Sn02 230 BM 0.03 35 ? GM 
230 GSP-1 0.03 24 G-2 

1900 ? GnA 0.24? 190 W-1 0.02 24 NBS-1633 
800 ? VS-N 0.10? 190 ? SDC-1 0.02 19 ? TB 

? Mica Fe 185 JG-I 0.02 17 GA 
33 ? KK 185 ? M-2 0.02 16 ? NS-1 
11 SG-IA 180 ? SCo-1 0.02 13.5 JG-I 
10 ? GH 170 ? 1-1 0.02 12 ? BR 
8 ? BR 155 TB 0.02 9 JB-1 
7 ? NIM-L 150 ? MAG-1 0.02 9 SGD-lA 
6 SY-3 135 GM 0.02 6.4 AGV-1 
6 ? GSP-1 110 ? RGM-1 0.01 6.0 BCR-1 
5.7 TB 100 ASK-2 0.01 3 ? ST-IA 
5 SY-2 100 ? BX-N 0.01 3 ? BM 
5 ? NS-1 93 ? TS 0.01 2.4 W-1 
4.6 GM 75 ? KK 0.01 l ? NlM-N 
4 ? AGV-1 64 NIM-S 0.01 I ? NIM-P 
4 ? BCR-1 35 ? DT-N 0.9? NIM-S 
4 ? GA 35 ? FK-N 0.6? NIM-D 
4 ? JG-1 34 ? NlM-P 
4 ? NIM-G 20 SG-lA 
3.7 SGD-IA 19 GL-0 Tm ppm 
3.5 ST-IA 10 GH 
3.2 W-1 10 NlM-G 10 ? SY-3 
3 MRG-1 10 ? UB-N 2 ? NIM-G 
3 ? DTS-1 ? Mica Fe 0.8 ASK-1 
2 ? NlM-D 3 ? NIM-D 0.6 BCR-1 
2 ? NIM-P 0.4? PCC-1 0.3 W-1 
2 ? PCC-1 0.35? DTS-1 0.1? NlM-D 
1. 9? G-2 
1. 7 BM 

cont'd ... 

*See "Precautionar y notes ... " ' p. 8 . 
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TABLE if (cont'd.). Usable values, arranged by "trace elements"* 

U ppm pet U30e V ppm (cont'd.) pet VzOs Yb ppm pet Yb203 

50 SY-2 0.01 900 ? VS-N 0 .10? 
6if0 SY-3 0.08 if9 ASK-! 0.01 60 ? SY-3 0.01 
280 SY-2 0.03 if9 GSP-1 0.01 17 ? SY-2 

63 SG-lA 0.01 if l NlM-D 0.01 10 ? NIM-G 
18 ? GH 38 GA 0.01 8 ? GH 
15 NlM-G 3if G-2 0.01 6 SG-lA 
13 NIM-L 31 PCC-1 0.01 5 ? STM-1 
12 NBS-1633 2if JG-1 if .3 ASK-! 

if ? GA 15 ? RGM-1 if ST-lA 
if ? NS-1 13 DTS-1 if ? TB 
if ? SGD-lA 

11 GM 3.8 BCR-1 
3.3 JG-1 

10 NIM-S 3.5? BM 
3 ? BR 7 ? 1-1 3.5? NIM-L 
2.0 AGV-1 5 SG-lA 3 ? GM 
2.0 G-2 5 ? GH 2.9 SGD-lA 
2.0 GSP-1 2.6? NlM-G 2.5 GSP-1 
l. 8 BCR-1 2 .1 W-1 
1.8 JB-1 2 .1? JB-1 
l ? ST-lA 

W ppm pet W03 2.0 AGV-1 
0.6? NlM-S 2 ? BR 
0.5 W-1 520 ? GnA 0.07 2 ? GA 
O.if ? BHV0-1 

3 ? TB l. 5? JG-1 
O.if? MRG-1 2.3 SG-lA l ? MRG-1 
O.if? NlM-N 

2 ? GM 0.9 G-2 
O.if ? NlM-P l ? BM 0.6? NlM-N 

0.5? W-1 0.6? NlM-P 
~Eb 0.1? NIM-S 

? DTS-1 
5 ? PCC-1 y ppm pet Y203 

Zn ppm pet ZnO 
7if0 SY-3 0.09 

V ppm pet V 20s 130 SY-2 0.02 Mica Fe 
125 NIM-G 0.02 800 VS-N 0.10 

600 ? VS-N 0.11? 70 GH 0.01 6if O NBS-91 0.08 
520 MRG-1 0.09 69 SG-lA 0.01 360 ? NlM-L O.Oif 
500 ? 1-3 0.09 60 ? M-2 0.01 270 SG-lA 0.03 
iflO BCR-1 0.07 50 ? 1-3 0.0 l 250 SY-2 0.03 
320 ST-lA 0.06 50 ? STM-1 0.01 250 SY-3 0.03 
310 ? BX-N 0.06 if5 ? M-3 0.01 2if0 ? STM-1 0.03 
2if0 BR O.Oif 39 ? TB 210 NBS-1633 0.03 
2if0 NIM-P O.Oif 37 ? BCR-1 200 ? T-1 0.02 
2if0 SGD-lA O.Oif 32 GSP-1 185 MRG-1 0.02 
2if0 W-1 O.Oif 32 ? DR-N 165 ASK-2 0.02 
220 ASK-2 O.Oif 31 ? JG-1 150 BR 0.02 
220 DR-N O.Oif 30 BR 150 DR-N 0.02 
210 JB-1 O.Oif 30 SGD-lA 150 ST-lA 0.02 
210 NBS-1633 O.Oif 30 ? ST-lA lifO ? MAG-! 0.02 
210 NlM-N O.Oif 27 ? BHV0-1 130 ? M-2 0.02 
180 BM 0.03 26 AGV-1 120 BCR-1 0.02 
170 NBS-69a 0.03 26 ? BM 120 SGD-lA 0.02 

? Mica Fe 26 ? GM 110 ? SCo-1 0.01 
125 AGV-1 0.02 26 ? JB-1 105 ASK-! 0.01 
110 ? SCo-1 0.02 25 W-1 105 BM 0.01 
105 TB 0.02 23 NlM-L 105 NlM-P 0.01 
99 ? T-1 0.02 21 GA 105 ? SDC-1 0.01 
80 ? M-2 0.01 20 ? MRG-1 100 ? BHV0-1 0.01 
78 NlM-L 0.01 17 ? NS-1 100 ? 1-3 0.01 
75 UB-N 0.01 13 ? FK-N 98 GSP-1 0.01 
75 ? M-3 0.0 l 12 G-2 95 TB 0.01 
62 ? GS-N 0.01 7 NlM-N 91 NlM-D 0.01 
58 NS-1 0.01 if ? NlM-P 90 ? UB-N 0.01 
55 ? QL0-1 0.01 3 ? NlM-S 89 ? TS 0.01 
51 SY-3 0.01 

cont'd ... 
cont'd ... 

*See "Precautionary notes ... II p. 8 . , 
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TABLE 4 (cont'd.). Usable values, arranged by "trace elements"* 

Zn (cont'd. ) pet ZnO Zr ppm pet Zr0 2 Zr ppm (cont'd.) pet Zr02 

86 W-1 0.01 NIM-L 1.47 160 ? BHV0-1 0.02 
85 G-2 0.01 1350 NBS-69a 0 .18 160 ? SCo-1 0.02 
85 GH 0.01 1200 ? STM-1 0.16? 155 JB-1 0.02 
84 AGV-1 0.01 720 SG-lA 0.10 150 GA 0.02 
84 JB-1 0.01 700 ? VS-N 0.10? 150 GH 0.02 
80 GA 0.01 640 NS-1 0.09 145 GM 0.02 
80 ? SGR-1 0.01 500 GSP-1 0.07 130 ST-IA 0.02 
74 SS 0.01 470 NBS-97a 0.06 130 ? MAG-1 0.02 
74 ? GnA 0.01 400 ASK-1 0.05 125 ? DR-N 0.02 
70 ? NS-1 0.01 340 SY-3 0.05 110 ? JG-1 0.02 
62 NIM-N 0.01 310 NBS-98a 0.04 105 BM 0.01 
60 ? QL0-1 0.01 300 G-2 0.04 105 W-1 0.01 
59 ? BX-N 0.01 300 ? SDC-1 0.04 100 MRG-1 0.01 
53 NIM-G 0.01 290 NIM-G 0.04 100 ? M-2 0.01 
49 KK 0.01 290 ? M-3 0.04 70 NBS-91 0.01 
48 ? GS-N 0.01 280 ? TS 0.04 70 ? FK 0.01 
45 DTS-1 0.01 270 SY-2 0.04 70 ? GnA 0.01 
44 ? M-3 0.01 250 BR 0.03 60 ? 1-1 0.01 
43 ? GL-o 0.01 240 SGD-lA 0.03 45 ? NIM-S 0.01 
40 GM 240 ? GS-N 0.03 30 NIM-P 
40 JG-1 220 AGV-1 0.03 22 ? NIM-N 
36 PCC-1 210 ? RGM-1 0.03 10 ? NIM-D 
32 ? RGM-1 190 1-3 0.03 
30 ? DT-N 185 BCR-1 0.02 
24 ? FK-N 175 TB 0.02 
16 NIM-S 170 ASK-2 0.02 
16 ? 1-1 170 ? QL0-1 0.02 
12 ? FK 165 ? T-1 0.02 

*See "Precautionary notes ... ", p. 8 . cont'd ... 
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