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SILICATE ROCK ANALYSIS.
PART 1—INTRODUCTION,
1. IMPORTANCE OF COMPLETE AND THOROUGH ANALYSES.

The composition of the ultimate ingredients of the earth’s erust—
the different mineral species which are there found snd of many of
which its rocks are made up—was the favorite theme of the great
workers in chemistry of the earlier half of the nineteenth eentury, and
for the painstaking care snd accuracy of Berzelius, Wahler, and
others the mineralogists and geologists of to-day have reason to be
thankful. Considering the limited facilitics at their disposal in the
way of laboratory equipment and quality of reagents, the general
excellence of their work is little short of marvelous. As an outgrowth
of and closely associated with the snalysis of minerals came that of
the more or less complex mixtures of them-—the rocks—to aid whose
study by the petrographer and geologist a host of chemists have for
many decades annually turned out hundreds of analyses of all grades
of quality and completeness, With the growth and extraordinary
development of the so-called organic chemistry inorgenic chemistry
graduslly fell into & sort of disfavor. In many, even the best, Euro-
pean laboratories the course in mineral analysis, while maintained as
& part of the curriculum of study, became but & prelude to the ever
expanding study of the carbon compounds, which, multiplying
rapidly and offering an essy and convenient field for original
research and pessible profit, proved more tempting to young chem-
ists than the often worked over and apparently exhausted inorganic
field. For one student devoting his time to higher research on inor-
genic lines fifty perhaps were engaged in erecting the present enor-
mous structure of carbon chemiziry. The instruction afforded the
student in mineral analysis was confined to the ordinary separations
of the commoner ingredients occurring in appreciable quantities,
with little regard to supposed traces and with still less attempt to
find out if the tabulated list really comprised all that the mineral or
rock contained.

With the introduction of improved methods of examination by the
petrographer, especially as applied to thin rock sections, and the use
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of heavy solutions, whereby, on the one hand, the qualitative mineral
composition of a rock could be preliminarily ascertained with consid-
erable certainty, and on the other chemical examination of the more
or less perfectly separated ingredients was rendered possible, s great*
help and incentive was afforded to the few chemista engaged in rock
analysis. The microseope often obviated in part the necessity for
tedious and time-wasting qualitative tests, and the heavy solutions,
by permitting the concentration and separation of certain compo-
nents, facilitated the detection of elements whose existence had long
been overlooked,

Meanwhile, in the progress of chemistry new methods and reagents
for qualitative detection and quantitative separatibn and estimation
were gradually being devised and discovered. The belief that some
well-established methods were adequate was shown to be unwarranted;
some had to be discarded altogether; others were still utilizable after
modification. TIn the light thus shed it hecame possible to explain
many hitherto incomprehensible variations in the composition of some
rock species or types, as shown in earlier analyses, and in not a few
cases it appeared that the failure to report the presence of one or more
elements had obscured relations and differences which more thorough
examination showed to exist (see p. 17). Consequently there arose a
feeling of distrust of much of the older work in the minds of those
chemista and petrographers who were best fitted to jndge of its prob-
able qualities. This, and the incompleteness of nearly all the earlier
work (and much of that of to-day, unfortunately), as shown by the
largely increased list of those eloments now known to enter into the
normal composition of rocks, are rendering the old material less and
less available to meet the increasing demands of the petrographer.®

And vet these demands on his part are, with few exceptions, by no
means so exacting as they should be, Frequently the snalysis is
intrusted to a student without other experience than that gained
by the analysis of two or three artificial salts and as many compara-
tively simple natural minerals, and with a laboratory instructor as
adviser whose experienca in rock analysis may be little superior to his
own. In other words, one of the most difficult tasks in practical
analysis is expected to be solved by a tyro, and his results are com-
placently accepted and published broadcast without question. Even to
those thoroughly familiar with the subjeet rock analysis is a complex
und often trying problem. Although long practice may have ensbled

4 D, Heary 8. Washington, in Professional Fapers Nos, 14 {Chemlca! analyees of igneous rocks pub-
Tighed from 1884 to 1800, with & critical discussion of the charaster and use of Analyaes) and 28 ¢ The sups
rior analyses of igmeous rocks (rom Roth's Tabellen, 1808 to 1864, artange! aseording to Lhe quantitative
system of classifiention) of the United Btutes Qenlogionl Burver, bas done o moat important work in
sifting the great mass of dats sccumuteted In the thousands of anslyses published sinee 1808, Alter
a systematic eritical examination he nes samgned to each anslyels 8 certain value on a sealo of 5
Mauny of these valuse may be ineorrect, but (n moat cases they undoubtedly give & falrly true messury
of the welght to be attached to a particular anslysis,



16 ANALYSIS OF BILICATE AND CARBONATE ROCKS.

one to do certain parts of it almost mechanically, perplexing ques-
tions still arise which require trained judgment to properly meet and
answer, and there is yet room for important work in some of the sup-
posedly simplest quantitative determinations. If the results are to
have any decided value for purposes of scientific interpretation and
comparison, they must be the outcome of the work of one whois able to
find his way through the intricacies of an analysis in which from fifteen
to twenty-five components are to be separated and estimated with close
approach to accuracy, and this & beginner can not hope to do. The
conscientious ehemist should have a live interest in this matter. He
should work with a twofold purpose in view—that of lightening the
labors of those who come after him by enabling them to use his work
with less supplementery examinstion, and that of enhancing his
own reputation by meriting encomiums on work that has stood the
test of time.

How little understood may be the principles underlying the treat-
ment of bodies so complex and the accurate separation and determina-
tion of their constituents, even when these are comparatively few in
number, has been strikingly shown during the last five years in the
work of several committees of chemists charged with the investigation
of the methods employed in various lines of technical chemisiry
involving the analysis or assay of zine ores, slags from the smelting of
copper ores, argillaceous limestones, and cements.  In sll cases a most
woful inability to obtain agreeing results is apparent, nol only
among those less experienced, but among those supposed to be most
expert in each of the particular fields as well. Some improvement in
silicate analysis has resulted from the investigations set on foot and
the recommendations made by these committeess, and further improve-
ment may be expected, but the situation is yet anything but satisfac-
tory. The art of apalysis stands in great meed of more thorough
treatment in our educational institutions.

The petrographer, again, should seek to have his analyses made as
complete as possible, and not, as is so often the case, be content with
determinations of silica, alumina, the oxides of iron, lime, magnesia,
the alkalies, and water. The latter course, it is true, iz entirely
justifiable at times,’and may serve the immediate purposes of the
analyses, but their incompleteness may, on the other hand, not only
coneceal points fruitful of suggestion to the attentive mind, but, what is
of still greater importance, they may be actually misleading. Enough
instances of totally inaccurate conclusions to be drawn from them
have fallen under my own observation to fully justify this plea in
favor of greater completeness in rock and mineral anslysis made for
purely scientifie purposes.®

8 For u further presentstion of this sgbject from the view polot of an experienced petrographer, see
Washington, . B., Manusal of the Chemimel Annlyels of Roeks, 1904, pp. 817,
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The importance of the points indicated in the foregoing paragraph
is shown by the difference between the analyses given below. The
specimens were taken and analyzed st widely separated times and by
different persons, it is true, but they were unquestionably from the
same rock mass, in which, however much the relative proportions of
the different mineral constituents might vary within -certain limits,
there can be no reason to doubt the general distribution of all the ele-
ments shown by the second analysis.

Analyses of spesimens taken from the same mgl'msaiéi‘fm dales,

- Earlier Later Earlier Latar
analysis | analyiisae analysis. | analysiae

30
Iﬂ

=
5

v

[ )

Smrazaprsh:

=,

a A atill more reeeit nﬂwu of anothar of the serigs of rocka of which this Iun exhmple has ahown
that this "later analysis’ is itsalf probably i and inecorrect II;F ncomplete I.vmll:u of
the probable presenee of 0.2 ennl or more af Zrdy, incorreet berau hsnrmr[n
from having counted the Zrias AliOw and from the ferct that Il.umum inmot fl.lﬂr glihhlein pmo-
ence of zirconium by Gooeh's method (the one employed). Thislatier Ty ind
1hu AlgOy (Bea F- 115.)

& From the

, the .l ropeated ﬁmmlnwom of 1&;1{0:: ‘ﬁ'd"i‘% :n thin and nntedtmk;h mlﬁ
same reglon 8l IIW WAYS & 00X hlw‘l‘lblh]
glven for the two oxides in tﬁ?ﬂl :Plls wmmtdmu

ﬂ: Im ml:é:hed %" It dogs nM Rppear whethar l.hst "mlp'::ﬁror_. us seoms probable, ouly

Another instance of similar kind is given below. Here, again, cer-
tain differences are explainable by natural variations in the propor-
tions of the constituent minerals, but it can hardly be doubted that
TiQ,, Ba0, 8r0, P,(,, and S0, were present in both specimens in
spproximately the same amounts, In the earlier analysis determina-
tions of some supposedly unimportant constituents were purposely
omitted, or made only qualitatively, with results that can not be
otherwise than fatal to a full comprehension of the mineralpgieal
nature of the rock,

Analysex of specirnens taken from the same rock mass af different dates.
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anmiyais. | Enalyein.

o Not eatirely free trom Calr.
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Prof. F. W. Clarke hes shown that the combined percentages of
titanic and phosphoric oxides in rocks of the earth’s crust, averaged
from hundreds of analyses, amount to 0.8 per cent. When the deter-
mination of these is neglected the error falls on the alumina. If the
alumina is then used as a basis for caleulating the feldspars, it is easy
to see that & very large average error in the latter may result, amount-
ing to several per cent of the rock.

In order to emphasize more strongly the importance of complete-
ness in analysis, a few facts brought out by the hundreds of rock
analyses made in this laporatory mey be cited. It has been demon-
strated most conclusively that barium and strontium are almost
never-failing constituents of the igneous rocks of the United States
and of many of their derivatives. The amounts are usually below 0.1
per cent for each of the oxides of those metals, but higher amounts are
by no means uncommon. Furthermore, the weight of barium is
almost without exception in excess of that of strontium; but a stili
more important point is that the igneous rocks of the Roeky Mountain
region, so far as examined, show far higher average percentages of
both metals than the rocks from the eastern and the more western
portions of the United States. The following examples serve to illus-
trate certain types of Rocky Mountain igneous rocks: Of seven rocks
forming & Colorado series, six held from 0.13 to 0.18 per cent of BaO,
while in the seventh the percentage was 0.43. The 5rD ranged from
0.07 to 0.13 per cent for six and was 0.28 for that one highest in BaO.
Of thirteen geologically related rocks from Montana, embracing basie
83 well as acidic and intermediate types, the range of BaO was from
0.19 to 0.37 per cent, with an average of 0.30 per cent. Three others
of the same series contained 0.10 per cent or less, while the seventeenth
carried 0.76 per cent Ba(). The Sr0 ranged from 0.37 per cent in the
last instance to an average of 0,06 for the other sixieen. Ceriain
peculiar rocks from Wyoming carry from 0.62 to 1.25 per cent BaO
and from 0.02 to 0.33 per cent Sr(. Surely this concentration of
certejn chemical elements in certain geographic zones has & signifi-
cance which future geologists will be able to interpret if those of to-day
are not.

Again, vanadium is an element which few chemists have ever
thought of locking for in igneous rocks, though it has long been
known to oceur in magnetites and other iron ores. A. A. Hayes, in
1875, reported ita occurrence in a great variety of rocks and ores: To
quote from Thorpe’s Dictionary of Chemistry: It is said to be dif-
fused with titanium through all primitive granite rocks (Dieulafait),
and has been found by Deville in bauxite, rutile and many other
minerals and by Bechi and others in the ashes of plants and in argil-
laceous limestones, schists, and sands.” It is further reported to
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comprise, as the pentoxide, up to 0.1 per cent of many French and
Australian® clays, 0.02 to 0.03 per cent of some basalts, 0.24 per cent
of & coal of unknown origin, and 0.45 per cent of a coal from Peru.
Still later examinations in this laboratory of about 100 rocks, chiefly
igneous, covering nearly the whole continental territory of the United
States, show not only its general qualitative and quantitative distri-
bution, but that it predominates in the less siliceous igneous rocks and
iz absent, or nearly so, in those high in silica. In some of the more
basic rocks it oecurs in’ sufficient amount to affect seriously the
figures for the oxides of iron unless separately estimated and allowed
for (see #, p. 140), a matter of considerable importance, since the
petrographer lays great stress on accuracy in their determinations,

The same investigation has also thrown some light on the distri-
bution of molybdenum, which seems to be confined to the more sili-
ceous rocks and to oeeur in quantities far belew those commonly
found for vanadium. :

Finally, had it not been my practice of late years to look for sul-
phur in rocks, even when no sulphides were vizible to the eye, its almost
invariable presence in the form of sulphide and consequent connection
with the long mystifying lack of agreement batween results for ferrous
iron obtained by the Mitscherlich and the hydrofluoric-acid methods
might not have been suspected (see A, p. 131).

While strongly upholding the necessity for more thorough work,
necessarily somewhat at the ex pense of quantity, it is far from my inten-
tion to demand that an amount of time sltogether disproportionate to
the immediate objects to be sought should be expended on every analy-
sis. But it is maintained that, in general, the constituents which are
likely to be present in sufficient amount to admit of determination in
the weight of a sample usually taken for analysis—say 1 gram for Si0,,
ALO,, ete., to 2 grams for certain other constituents—should be sought
for, qualitatively at least, in the ordinary course of quantitative work,
and their presence or sbsence noted among the results. If present in
little more then traces, that knowledge alone may suffice, for it is
often more important to know whether or not an element is present
than to be able to say that it is there in amount of exactly 0.02 or
(.06 per cent. In the tabulation of analyses a special note should be
made in case of intentional or accidental neglect to look for substances
which it is known are likely to be present. Failure to do this may
subject the analyst to unfavorable eriticism when, at some future
time, his work is reviewed and the omissions are discovered by new
analyses.

Finally, whenever possible, a thorongh microscopical examination of
the rock in thin section should precede the chemical analysie. This

2J,C, H. Mingaya hay lutely cobfirmed 1ts wida distribution in Australian rocks, poals, ete, { Reeords
Geol. Survey New South Walea, vol. 7, pt. 5, 1603, p. 213.)




