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ANALYSES OF ROCKS, WITH A CHAPTER ON ANALYTICAL
METHODS, LABORATORY OF THE UNITED STATES GEOLOG-
ICAL SURVEY, 1880-1896.

By F. W. CLARKE and W. F. HILLEBRAND.

Q

' INTRODUCTION.
By F. W. CLARKE.

The present Geological Survey of the United States was organized
in 1879. In 1880-a chemical laboratory was established at Denver, in
connection with the Colorado work, in charge of Dr. W. I'. Hillebrand,
with whom were associated Mr. Antony Guyard and, later, Mr. L. G.
Eakins, In 1882 Dr. W. H. Melville was placed in charge of a second
laboratory at San Francisco, and in the autumn,of 1883 the central
laboratory was started in Washington, with myself as chief chemist.
In November, 1885, Dr. Hillebrand was transferred to Washington; he
was followed early in 1888 by Mr. Eakins, and the Denver laboratory
was discontinued. Dr. Melville was also brought to Washington in
the spring of 1890, and since then the chemical work of the Survey has
been concentrated at headquarters. '

Up to January 1, 1897, about 3,700 analyses have been made in the
laboratory at Washington. These represent rocks, minerals, ores,
waters, sediments, coals, metals, and so on through all the range of
substances with which geology has to do. There were also some hun-
dreds of analyses made in the laboratories at Denver and San Francisco,
and a fair amount of research work upon mineralogical and analytical
problems has also been done. In all of this work the following chem-
ists have been employed: Charles Catlett, T. M. Chatard, IF. W. Clarke,
L. G. Eakins, F. A. Gooch, Antony Guyard, W. F. Hillebrand, W. H.
Melville, R. B. Riggs, E. A. Schneider, George Steiger, H. N, Stokes,

9



10 ANALYSES OF ROCKS AND ANALYTICAL METHODS.  [BULL 148

and J. E. Whitfield. As many as eight of these have been at work
simultaneously; at present only four are connected with the Survey.
Other officers of the Survey have been occupied more or less with chem-
ical questions; but the men named in this list were connected directly
with the laboratory. Some work for the chemical division has also
been done by chemists not regularly on the rolls of the Survey; but
their analyses, with a single exception to be noted later do not fall
within the scope of this paper.

Quite naturally, on account of the activity of the petrographers, the
dominant feature of thelaboratory work has been the analysis of rocks.
These have been studied in great numbers, and in the most thorough
way. The results have appeared in widely scattered publications, offi-
cial reports, monographs, bulletins, American and foreign journals, and
so on. The object of this bulletin is.to bring together this valuable
material, together with such bibliographic and petrographic data as
seems to be necessary in order to identify the specimens and to facili-
tate chemical discussion. . Analyses of minerals have been included
only when related to petrographic studies, appearing then in connec-
tion with the rocks to which they belong. Meteorites, of which twenty-
seven have been analyzed, are brought into the work on account of
their petrographicrelations; and the groups of clays and soils have been -
admitted because of the bearing of these substances upon the study of
slates and shales. The actual number of analyses given in the bulletin
is as follows:

Igneous and crystalline rocks .......ceceones et eeeertneaee eaans 692
Mineral 86Parations .ccuue ueneevemiin e ittt eace e cceaas 78
Meteorites, and separations from them..... R 58
Sandstones and cherts......occeeoooe e ail o i ceoe e 36
Carbonate TOCKS ..uoveveciennenicoieicacciianen.s A 183
Slates and shales. .. ... ceeoemomoe i i trcrreiaie e 45
Clays, 80118, @10 .o v veeeiiieiiitcere it et iaeetrrce e e s 93

B0 ) 1,185

It may be observed that the classification thus indicated hasnot been
rigorously followed. In a few instances the study of a sedimentary
rock has been so related to that of itsigneousneighbors that the analyses
are best tabulated together; but these exceptional casesare few, and all
-are properly noted. The heading of ‘“igneous and crystalline rocks”
has been used in the broadest and most liberal way, and doubtless
many of the analyses given under it might properly be otherwise clas-
sified. In such cases of uncertainty, convenience has furnished the
rule to follow.

‘Within each division of the analyses the classification chosen has
been geographic. The petrographic grouping of the rocks would doubt-
less be best, were petrographers agreed upon it; but their differences
are many, and the chemist will do well toavoid them. The geogra.phib
method, moreover, has some advantages of its own; it facilitates the
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study of areas, it simplifies the bibliographic references, and it brings
together in great measure the work of each petrographer for whom
analyses have been made. Thus, most of Diller’s work has been in
California, most of Cross’s in Colorado, and most of Iddings’s in the
Yellowstone National Park; and in each case the analyses are massed
and their discussion is practically uniform in character. As regards
nomenclature, each rock has received the designation given it by its’
describer, and no liberties have been taken. This plan may cause some
lack of uniformity; but no other procedure seemed to be practicable.

It will be noticed by anyone who uses this bulletin that the analyses
vary as regards completeness. Among the sedimentary rocks, espe-
cially, partial analyses are common; but in the igneous group thorough-
ness is more general. In the early days of the chemical division many
analyses were made along the older lines, just as they are still made in
" many laboratories to-day—that is, only the main constituents, those
having direct petrographic significance, were determined. In such
analyses the minor ingredients, like titanium, phosphorus, barium,
strontium, chlorine, etc., were ignored; and, although the results are
satisfactory in some respects, they leave much to be desired. Latterly,
greater completeness has been.sought for, the work done has been
much fuller, and the data obtained can be discussed with much higher
approaches to accuracy. The old form of ¢ complete analysis” is to be
discouraged; it leads too often to erroneous conclusions; and only the
best modern- methods of work and of statement should be tolerated. .
The fuller analyses, moreover, have brought some interesting points to
light; titanium now appears to be one of the more abundant elements,
and barium and strontium are found to be almost universally diffused
in igneous rocks in quite perceptible quantities.

On general principles the analysis of a rock and its petrographic
description should be two parts of the same investigation, matching
each other completely. In practice, however, this rule does not always
hold, and the departures from it are in two opposite directions. For
example, an analysis of the older type says nothing of titanium and
phosphorus, while the microscope reveals the presence of sphene and
apatite. In this case the petrographer has been more thorough than
the chemist. On the other hand, a full and perfect analysis may be
given, accompanied by a petrographic description of the most general
kind, in which only the main mineral constituents of the rock are
noted. Here the analysis Lias been incompletely used, and the petro-
graphic discussion is defective. It is’hoped that the publication of
this material may lead to a clearer recognition of the mutuality which
should exist between the chemical and the microscopic researches, and
" 50 bring, in the future, both lines of investigation more into harmony.
Hitherto the chemist and the petrographer have worked too much
apart, and each has too often misunderstood the purpose of the other.
If the study of the thin section could always precede the analysis, the
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petrographic problems could be stated more clearly, and the chemical
evidence might be rendered much more pertinent and satisfactory. -

In a paper published some years ago,! on the relative abundance of
the chemical elements,.I computed the average composition of the
primitive crust of the earth from 880 analyses of eruptive and crystal-
line rocks. Of these analyses only 207 were from the laboratories of the
Survey, while 673 were collected from various other American and for-
eign sources. A large proportion of them were incomplete, regarded
from a modern point of view, and yet the results obtained were fairly
conclusive. The material now available for similar discussion is much
better than that which was formerly used, and an average based upon
it may not be out of place here.

In the bulletin now presented I have fourd 680 complete analyses of
rocks which are suitable for my purpose. I have also taken from the
partial analyses given in the laberatory records 180 additional deter-
minations of silica, 90 of lime, and 130 of alkalies. In 340 of theanalyses
‘there is discrimination between the water lost below 110¢ and that
which is essential to the composmon of the rocks; and this amounts to
0.40 per cent. Omitting this water, the average found may fairly rep-
resent the composition of the older crust of the earth, as deduced
from a mass of data which are reasonably uniform in character and
entitled to a high degree of credence. The mean for the more impor-
tant constituents is as follows, with the old average gwen in & parallel
column for comparison:

New mean. | Old mean.

1S5 (0 59.77 58. 59
AlOs. oo i 15. 38 15. 04
FeyOy .ovevenniiiia i, 2.65 3.94
FeO . ..o ... 3.44 3.48
CaO ... ililll 4.81 |. -5.29
MgO.. .ol 4.40 4.49
KoOoooi il 2.83 2.90
NaO.ooo Lo 3.61 3.20
HoO.o ool 1.51 al.96
(0 .53 .55
PiOs .oocoeonn. e .21 .22
99. 14 99. 66

« Including hygroscopic water.

1 Bull, U. S. Geol. Survey No. 78, 1891, p. 34.
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If we reduce these figures to elementary form and include minor con-
stituents, the two averages compare as follows:

New mean. | Old mean.
Oxygen -ico.oeiiioiiii., 47.13 47.29
Silicon oo ciiiiiiiai oo - 27.89 27.21
Aluminum. ............__. 8.13 7.81
Trom..oooaooeio il 4.71 5,46
Calcium.....coooooooaooon 3.53 3.17
< |, Magnesium........_...._. 2. 64 2.68
Potassinm... ... .. .... 2.3 2.40
Sodimmi ....:..ooi...... 2.68 2.36
Titanium.. . ... ........... .32 .33
Hydrogen ................ A7 .21
Carbon.............l..... .13 .22
Phosphorus .............. .09 .10
Manganese ............... .07 .08
Sulphur...........coolL .06 .03
Barium .......oooooalll .04 .03
Chrominm ............... .01 .01
Nickel cceeeninrnonenoas 1) A P
Strontinm ... ....... - . . 1) R D,
Lithium.................. ) R PO
Chlorine .....cooooooaoen. .01 .01
Fluorine . -c.. ... ... 1) R DO S
100. 00 100. 00

As the old mean represents an attempt to measure the composition.
of the entire solid crust of the earth, and so includes an allowance for
the carbon in the limestones, the two columns are not strictly compa- -
rable. They are, however, corroborative of each gther, and show that
-within reasonable limits the statistical method is applicable to the
problem under consideration. For the arguments upon which the dis- .
cussion is based the original paper should be consulted. For the
elements not in the table no estimates can now be made; but not one,
* probably, could reach 0.01 per cent in quantity. Their proportions
may be regarded as small corrections to be applied at some time in the
future. ‘

During the preparation of this bulletin much assistance was rendered
by the petrographers and geologists connected with the Survey, espe-
cially with reference to analyses hitherto unpublished. In each case
credit has been given for the data thus added. Twenty-eight analyses
of rocks from Montana, executed by or under the direction of Prof.
L. V. Pirsson, of Yale University, and having been made in connection
with regular Survey work, are included in the tabulations. With this

t
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exception all of the analyses given were made in the Survey labora-
tories. To those executed in the laboratory at Washington “record
numbers” are attached, which serve to identify them on the record
books of the Division of Chemistry. Of the abbreviations used for
bibliographic reference only three need explanation, and they refer to
the official publications of the Survey. ¢“Ann.” for Annual Report,
“Mon.” for Monograph, and ¢“Bull.” for Bulletin are the three in ques-
tion. The others relate to well-known journals, and are familiar to all
- geologists. ' -



SOME PRINCIPLES AND METHODS OF ANALYSIS APPLIED TO
SILICATE ROCKS.

By W. F. HILLEBRAND.

~.

PART I.—INTRODUCTION.

The composition of the ultimate ingredients of the earth’s crust—the
different mineral species which are there found and of many of which
its rocks are made up—was the favorite theme of the great workers in
chemistry of the earlier half of this century, and for the painstaking
care and accuracy of Berzeliusf Wohler, and others the mineralogists
and geologists of to-day have need to be thankful. Considering the
limited facilities 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
analysis of minerals came that of the more or léss 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 hun-
dreds of analyses of all grades of quality and completeness. With the
growth and extraordinary development of the so-called organic chem-
istry inorganic chemistry gradually fell into a sort of disfavor. In
many, even of the best, European laboratories the course in mineral
analysis, while maintained as a part of the curriculum of study, became
but a subordinate prelude to the ever-expanding study of the carbon
compounds, whose rapid multiplication, offering an easy and convenient
field for original research and possible profit, proved a more tempting
opéning to young chemists than the often-worked-over and apparently
exhausted inorganic pasture. For one student devoting his time to
higher research on inorganic lines were perhaps fifty engaged in erect-
ing the present enormous structure of carbon chemistry. The instruc-
. tion afforded the student in mineral analysis was confined to the
ordinary separations of thé commoner ingredients occurring in appreci-
able quantities, with little regard to supposed traces and with still less
attempt to find out if the tabulated list really comprlsed all that the
mineral or rogk contained.

With the introduction of improved methods of examination by the
petrographer, especially as applied to thin rock sections and the use of
heavy solutions, whereby, on the one hand, the qualitative mineral
composition of a rock could be preliminarily ascertained with consider- .
able certainty, and on the other, chemical examination of the more or
less perfectly separated ingredients was rendered possible, a great help

15
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and incentive was afforded to the few chemists engaged in rock analy-
sis. The microscope 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 components, 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 separation and estimation
were gradually being discovered and devised. The supposed adequacy
of some well-established methods was shown to be unwarranted; some
had to be discarded altogether; others were still utilizable after modi-
fication. In the light thus shed it became 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 ele-
ments had obscured relations and differences which more thorough
examination showed to exist (see pp. 17-18). Consequently there arose
a feeling of distrust of much of the older work in the minds of those
chemists and petrographers best qualified to judge of its probable
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 elements now known to enter into the normal
composition of rocks, is rendering the old material less and less avail-
able to meet the increasing demands of the petrographer.

And yet these demands on his part are, with few exceptions, by no
means so exacting as they should be. Often the analysis is intrusted
to the hands of 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 experience in rock analysis may be little superior to his
own. Inother words, one of the most difficult tasks in practical analy-
sis is expected to be solved by a tyro, and his results are complacently
accepted and published broadcast without question. Even to those
thoroughly familiar with the subject rock analysis is a complex and
often trying problem. Although long practice may have enabled
one to do certain parts of it almost mechanically, he is still from time
to time confronted with perplexing questions which require trained
judgment to properly meet and answer, and there is still room for im-
portant work in some of the supposedly simplest quantitative deter-
minations. If the results are to be of any decided value for purposes
of scientific interpretation and comparison, they should be the product
of one competent to find his way through the intricacies of an analysis
in which from fifteen to twenty-five different compongnts are to be
separated and estimated with. close approach to accuracy, and this a
beginner ¢an not hope to do in the majority of cases. The conscien-
tious chemist 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
supplementary examination, and of thereby enhancing his own reputa-
tion by meriting encomiums on work that has stood the test of time.
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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, alumlna, the oxides of iron, lime, magnesia,
the alkalies and water. The latter, it is true, are entirely justifiable
at times, and may serve the immediate purpose for which they were
intended, but their incompleteness may, on the other hand, not only
conceal points fruitful of suggestion to the attentive mind, but, what is
of still greater importance, they may be actually misieading. Enough
instances of totally inaccurate conclusions to be drawn from them have

fallen under my own observation te fully justify this plea in favor of

greater completeness in rock and mineral analyses made for purely
scientific purposes.
This is shown by the difference between the following analyses:

Earlier Later

analysis. | analysis.)
L0 54.42 53.70
0 I PP 1.92
ALOg.ecoeeeaannaann. eeeeo| 18,37 11.16
CI'Q,O(; ..................... .......... .04
FeOp comove i 2,61 3.10
. 1 010 B 23,52 1.21
B £1(0 I MO .04
(0710 2N 4.38 3.46
IS (O U SRR PR .19
BaO . .............. R P e .62
MgO oo 6.37 6. 44
KoO oo 10.73 11.16
NayO. oo eaeee e - 160 1.67
Li:O oo, Trace. | Trace.
Hz0 below 1100 C oo vet]aennvenens . .80
Ho0 above 110°C......... 32,76 2,61

IS B O € T J 0 L82 ...l
PoOg oo iee i eaa e, 1.75
803 ceeeit e e i .06
PR RO .44
L6 P PN .03
99.58 100. 40
Less O for Fuoveeee coenivne]onanaannn. .19
100. 21

1A still more recent analysis of another of the series of rocks of which this is an example has shown
that this *later analysis ' is itself probably incomplete and incorrect in part—incomplete because of
the probable presence of .2 per cent or more of Zr0Q,, incorrect because of the error in Al,0q resulting
from having counted the ZrO; as Al,0;, and from the fact that titanium is not fully precipitable in
presence of zirconium by Gooch’s method (the one employed) This latter error involves both the
TiO, and the Al,0; (see p. 48).

2From the fact that repeated determinations of the iron oxides in this and related rocks from the
same region show always a great preponderance of ferric oxide, it is not improbable that the figures
given for the two oxides in the first analysis were accidentaliy transposed.

2In the published analysis it does not appear whether this is total water or, as seems probable, only
that remaining above 100° C.

Bull. 148—2
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The specimens were taken and analyzed at 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
elements shown by the second analysis.

Another instance of similar kind is given below. Here, again, certain
differences are explainable by natural variations in the proportions
of the constituent minerals, but it can hardly be doubted that TiO,,
BaO, Sr0, P,0;, and SO; were present in both specimens in approxi-
mately the same amounts. In the earlier analysis in this case deter-
minations of some supposed unimportant constituents were purposely
omitted or only made qualitatively, with results that can not be other-
wise than fatal to a full comprehension of the mineralogical nature of
the rock:

Earlier Later

analysis. | analysis.
13510 NN 44.31 44.65
TiOg - eveccceecacaaane....|Notest. .95
ALOg. e i el 17.20 13.87
Fe:03 covmeeois cauaiaannn 4.64 6.06
FeO. oo iaaieeeeannn 3.73 2.94
b1 0¥ o S .10 17
[07:Y 0 ORI 10.40 9.57
%) (& ISP PRI 137
BaO. oo e i, 76
MgO..... ceeemeana 6.57 5.15
KoO ot i ceeiceaaaaes 3.64 4.49
NagO e oeieeiieaiieceaanes 4.45 5.67
L0 oo e Trace.
H;0 below 110° C ........ i 95
H;0 above 110° C ... oooifeeeaen - 2.10
H,0 by ignition .......... 3.30 |eeeoiaa--.-
{010 SN FPRIRRIPU 11
SR FUR S 1.50 ,
(0] DI ORI Trace
10 R PR 61

99.11 99.92 i

1 Not entirely free from CaO.

In order to more strongly emphasize the importance of completeness
in analysis, one fact brought out by the hundreds of rock analyses made
in this laboratory may be cited. It has been demonstrated most conclu-
sively that barium and strontium are almost never-failing constituents
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of the igneous rocks and many of their derivatives of the Umted States.
These amounts are usually below 0.1 per cent for each of the oxides of
those metals, but higher amounts are by no means uncommon. Fur-
thermore, the weight of barium is almost without exception in excess
of that of strontium. But a still more important point is that the igne-
ous rocks of the Rocky 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 fol-
lowing examples serve to illustrate certain types of Rocky Mountain
igneous rocks: Of seven rocks forming a Colorado series, six held from
0.13 to 0.18 per cent of BaO, while in the seventh the percentage was
0.43. The SrO 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 basic as well as acid 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 BaO. The SrO
ranged from 0.37 per cent in the last instance to an average of 0,06 for
the other sixteen. Certain peculiar rocks from Wyoming carry from
0.62 to 1.25 per cent BaO, and from 0.02 to 0.33 per cent SrO. Surely
this concentration of certain chemical elements in certain geographic
zones has a significance which future geologists will be able to interpret,
if those of to-day are not.

‘While strongly upholding the necessity for more thorough work,
necessarily somewhat at the expense of quantity, it is far from the
writer’s intention to demand that an amount of time altogether dispro-
portionate to the immediate objects to be sought should be expended
on every analysis. But it is maintained that in general the constitu-
ents which are likely to be present in sufficient amount to admit of
determination in the weight of sample usually taken for analysis—say
1 gram for SiO,, Al,O,, etec., 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 absence noted among the
results. If present in little more than 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 0.06 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 criticism, when at some
fature time his work is reviewed and the om1ss1ons are discovered by
new analyses.

Finally, whenever possible, a thorough microscopical examination of
the rock in thin section should precede the chemical analysis. This
may be of the greatest aid to the chemist in indicating the presence of
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unusual constituents, or of more than customary amounts of certain
constituents, whereby, possibly, necessary modifications in the analyt-
ical procedure may be employed without waste of time or labor.!

SCOPE OF THE PRESENT PAPER.

" The literature relating to analysis of silicates is extensive, but scat-
tered; and the scheme given by Fresenius in his Quantitative Anal-
ysis answers well for the ordinary separations and is probably almost
universally followed in all its essential features; butin no single article,
to the writer’s knowledge, is there to be found an exposition of the
methods to be followed or the precautions te be observed in the search
for some of the rarer constituents or those which, without being rare,
have been of late years recognized as oceurring persistently in small
amounts. It is not the object of the writer to make this paper a trea-
tise on mineral analysis; but it is believed that the experience gained
by the chemists of this survey during the sixteen years since the estab-
lishment of its first chemical laboratory in Denver may be useful to
most chemists interested in mineral and especially rock analysis.
Lengthy descriptions of details of manipulation will be avoided so far
as possible, and in general only an outline will be presented of the
methods followed or recommended, since in the main they are familiar
to all or easily accessible; but stress will be laid on those points merit-
ing particular attention, and now and then a brief discussion of alter-
native methods may be attempted.

In the earlier years of the existence of the Washington laboratory .
opportunity was afforded for the testing of novel methods and the
devising of new ones, with most excellent results, as shown especially
by the methods for separation of titanium, of lithium, and of boron,
dueto Prof. I. A. Gooch, to whose inventive skill chemists owe like-
wise the perforated filtering crucible and the tubulated platinum cru-
cible arrangement for the estimation of water. Of late years the press
of routine work has been such as to fully fill up the time of the much-
reduced chemical force, and as a consequence it has been found impos-
sible to subject to critical trial several separation methods of recent
origin, some of which seem to be full of promise, or to follow out cer-
tain lines of investigation which have been suggested by the observa-
tions made in this laboratery, one, at least, of which seems to be of
high importance. This, then, must be offered in explanation if, in the
following discussion, it may seem to some that any of the methods fol-
lowed arve too conservative or not sufficiently up to date. In general
the discussion will be confined strictly to such separations as may be -
required in the analysis of an igneous, metamorphic, or sedimentary

" 1The foregoing tables and accompanying remarks, in¢luding several sentences preceding the tables,
have been largely taken from the writer’s paper entitled, ‘‘ A plea for greater completeness in .chem-
ical rock analysis,” published in the Journal of the American:Chemical:Society, Vol. XVI, pp. 90-93
1894 ;- also in the Chemical News, Vol, LXIX, p. 163, 1894, ,



CLARKD AND SCOPE OF THE PRESENT PAPER. 21

HILLEBRAND.

silicate rock of complex mineralogical composition, in which the major-
ity of and possibly all the ingredients in the list given below may
occur in weighable or readily discoverable quantities:

$i0, Ti0, Zr0, ALO; Cr,0; Fe,05 FeO

NiO CoO* €CuO0 MnO CaO SrO BaO

MgO K, 0 Na,0 Li,0 H0O CO, Ct

803 © 8* N. F1 Cl

The special problems often arising in the analysis of rocks of extra-
terrestrial origin—the more or less stony meteorites—will not be con-
sidered in this paper. An analysis of that kind should never be
entrusted to the novice, but only to the chemist who has a knowledge
of the composition and properties of the peculiar mineral constituents
of those bodies, and a judgment fit to cope with the oftentimes difficult
problems presented by them.

Thorium, cerium, and other rare earths are seldom encountered in
quantities sufficient to- warrant the expenditure of the time necessary
for their isolation. A search for them qualitatively, even, is at present
rarely justifiable nnless there is microscopic or other evidence of the
presence of minerals likely to contain them. Vanadium, tantalum,
columbium, boron, and glucinum have never been certainly met with
in the writer’s experience, and yet they must be present in certain
rocks, and doubtless traces have been overlooked at times. There is
no reason to suppose that other elements may not be found by careful
search, possibly all in the known category, and, indeed, Sandberger’s
researches have shown to what an extent this is true of a large number
of those elements contributing to the filling of metalliferous veins.
But those in the above list may usually be estimated with ease in
weights of from one-half to 2 grams.

If the point be raised that many of the published analyses emanating
from the Survey laboratories, even the earlier ones of the writer, are not
in accord with the advocacy of completeness contained in the foregoing.
pages, it may be remarked that these ideas have been to a considerable
degree evolved during a personal experience of sixteen years in this
- line of work, and that frequently the exigencies were such as to compel
restriction in the examination. Where the latter has been the case
subsequent developments have in some cases shown it to be bad policy
in every respect. It is better, both for the geologist and the chemist,
to turn out a limited amount of thorough work than a great deal of
what may prove to be of more than doubtful utility in the end.

In this connection the question has often been put, “How long does
it take to complete an analysis of this kind%” This will depend, of
course, on the mineral complexity of the sample and on the personal
factor of the individual worker. If there is a competent assistant to
do the grinding, and specific-gravity determinations are not required,

* Usually as pyrite, not infrequently as pyrrhotite. t As graphite or coaly matter.
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it is quite possible after long experience for a quick worker to learn to
80 economize every moment of time in a working day of seven hours,
with an abundance of platinum utensils and continuous use of air and
water baths through the night, as to finish every three days, after the
completion of the first analysis, barring accidents and delays, one of
a series of rocks of generally similar character, each containing from
eighteen to twenty quantitatively determinable constituents, excluding,
for instance, fluorine, carbon as such, nitrogen, metals of the hydrogen
sulphide group, and cobalt. On one occasion a series of fourteen rocks,
of comparatively simple composition, was completed in one month, with
the help of an assistant who made the phosphorus and ferrous iron
determinations. But such an output of work is more than exceptional
and implies an unusnal freedom from those occasional setbacks to
which every chemist is exposed.

PART II.—DISCUSSION OF METHODS.

PREPARATION OF SAMPLE.

Although foreign to the above heading, a few words relative to the
sample itself may be here appropriately inserted by way of introduc-
tion. In the great majority of cases a few chips from a hand specimen
will well represent the average of the mass, but with rocks in which a
porphyritic structure is strongly developed the case is different. Here
alarge sample should be provided, gauged according to the size of the
crystals, and the whole of this should be crushed and quartered down
for the final sample. Unless this is done, it is manifest that the analy-
sis may represent anything but the true average composition of the rock.

Crushing.—Mechanical appliances for reducing samples to fine powder
are much in use in technical laboratories, where they answer their pur-
pose more or less admirably, and something similar is needed in those
scientific laboratories where rock analysis is of daily occurrence and
many samples must be reduced to fine powder in a short space of time.
For accurate analyses the use of steel crushers and mortars is out of the
question, because of the danger of contamination by particles of metal and
the impossibility of cleansing the roughened surfaces after they have
been in use a short time. Extraction of steel particles from the powder
by aid of a magnet is quite inadmissible, since the rocks themselves,
almost without exception, contain magnetic minerals. The method of
rough crushing found to be most satisfactory in practice is to place
each fragment as received on a hardened steel plate about 43 em. thick
and 10 cm. square, on which is likewise placed a steel ring 2 cm. high
and of about 6 cm. inner diameter, to prevent undue flying of fragments
when broken by a hardened hammer. In this way a considerable sam-
ple can soon be sufficiently reduced for transfer to the agate grinding
mortar with a minimum of metallic contamination.
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@Grinding.—Of the various grinding arrangements on the market
purporting to fulfill their purpose few, if any, observed have met the
conditions required by the work in hand. Either the mechanical
arrangement is complicated or cumbersome, requiring more power or
space than is usually at disposal or causing too much noise, or thor-
ough cleansing is difficult and troublesome, or there is likelihood of
contamination from oil or grease or lack of facility for the removal of
all powder from the mortar. These last defects are especially promi-
nent in those forms in which.the mortar is fixed in its setting.

All rock samples have therefore been reduced to powder by hand,
involving a. great expenditure of time and labor. Ordinarily an ex-
tremely fine state of division is unnecessary, except in the case of
those portions in which alkalies and ferrous iron are to be estimated or
where soluble constituents are to be removed by acids, etc., and in such
cases the final grinding can be done at the balance table on a small~
portion slightly in excess of the quantity to be weighed off.

The process of sifting through fine cloth, the German ¢ beuteln,” is
one not always to be commended, because of the time required and,
more especially, because of the certainty of contamination by cloth
fiber, which in the ferrous-iron portion might affect the result. Still
less should metal sieves be used.

Weight of ground sample.—The sample when ground should weigh not
less than 10 grams, and preferably 20 in case it should be necessary
to repeat or advisable to employ unusually large portions for certain
determinations, notably carbonic acid. Rock analysis hasin this respect
an advantage over mineral analysis, since material is almost always
available in ample quantity and any desired number of separate por-
tions may be used, whereas with a mineral the analyst is frequently
compelled to determine many or all constituents in a single, often very
small, portion of the powder. ' This course often involves delay and
the employment of more complicated methods of separation than are
usually necessary in rock analysis.

SPECIFIC GRAVITY.

By suspension in water.—This determination, when required, is best
made upon one or several fragments weighing up to 20 grams. They
are held together by a fine platinum wire ready for suspension from the
balance, and thus held are placed in a small beaker to soak overnight
in distilled water under the exhausted receiver of an air pump, side by
side with a similar beaker of water. Boiling is of course a much less
effective means of removing air than the air pump, and the boiling
water may exert an undesirable solvent and abrading effect. In the
morning the wire is attached to the balance arm, the rock fragments
remaining immersed in the water; a thermometer is placed in the com
- panion beaker of water, now likewise in the balance case, and the weight
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is at once taken. Both vessels of water having precisely the same tem-
perature, it is quite unnecessary to wait for the water to assume that of
the balance should it not already possess it. The fragments are now
lifted out, without touching the vessel, and carefully transferred to
a tared crucible or dish; the wire is removed and at once reweighed,
with the precaution that it dips just as far into the water now as when
weighted. Hereby a special weighing of the wire out of water is
avoided. The sample may now be dried on the water bath and then at
1100 C. for' some hours to certainly expel all absorbed water, and
weighed after prolonged cooling in the desiccator. It is better to
ascertain the weight of the dry rock after soaking in water than before
in order to avoid the error due to possible breaking off of a few grains
between the two weighings. Should the density of the rock in air-dry
condition be required,' it may be left exposed to the air for a lengthy
- period after drying and before weighing; but the differernce will only
in exceptional cases affect the second decimal by more than a single
unit. For instance, a rock of 2.79 specific gravity when dry will, if
carrying the high percentage of 0.3 per cent hygroscopic moisture
in the uncrushed state, have a density of 2.775; a rock of 3.00 specific
gravity dry will have a density of 2.982 if 0.3 per cent of moisture is
included.

Reasons for preferring suspension to pycnometer methods.—This method
of ascertaining the specific gravity of rocks is certainly more conven-
ient than, and for compact rocks is believed to be decidedly preferable
to, that of the pycnometer, in which the fragments must be reduced to
small size with consequent formation .of more or less powder, which is
subject to slight loss in the various manipulations. To exclude this pow-
der and employ only small fragments would introduce a possible source
of error, since it is apt to consist largely of the most easily abraded
minerals and consequently not to have the average composition of the
mass. By following the instructions given above, loss of material is
absolutely avoided, a decided saving in time is effected, and considera-
ble weights can be easily employed with consequent lower probable
error in the results. To vesicular rocks, however, notably certain lavas,
the above procedure is of course inapplicable, unless the datum is
desired for certain considerations in which the relative density of large
rock masses as they occur in nature is seught, as for the comparison of
building stones or the calculation of large known or assumed areas of
particular rocks.

Pycnometer methods.—If the pycnometer has to be used, as is gener-
ally the case when the density of any one of the mineral ingredients of

'In view of the uncertainty as to what constitutes hygroscopic water (see p.29), this course is
perhaps more to be commended than the former, and seems imperative for certain zeolitic rocks. In
such cases it is best to weigh the fragments before putting to .soak, and afterward to .collect on a
Gooch crucible the grains which may have fallen off in the water. Should no crucible of this kind be
available, a paper filter may unhesitatingly be used and incinerated with the powder, owing to the
small amount of which the error due to loss of even all its. water during ignition is quite negligible.,

N
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a rock is desired after separation by one of the approved methods, it
being then in'a more or less finely divided state, the most accurate pro-
cedure is that adopted in this laboratory by Mr. L. G. Bakins a number
of years ago. The pycnometer used is one with a capillary stopper,
provided with a millimeter scale etched in the glass, the divisions being
numbered both ways from the center and calibrated by mercury so that
the value of each one in weights of water is known. The capacity of
the flask filled with water to the zero division is then calculated for
every half degree of temperature from 0° C. to 30° C., by making a series
of careful weighings, in which, knowing the capacity of the stem, it is
quite immaterial at what level the water stands provided it is within
_the limits of the scale. The exact temperature is secured by an accu-
rate thermometer placed in a companion vessel of similar shape to. the
pycnometer and containing a like amount of water, both being left in
the balance case till its temperature has been nearly or quite assumed,
as shown by a second thermometer. The weighing must of course be
made before the thread of water huds sunk beneath the lowest division,
which it will do after a time, even though at first filling the bore to the
top of the stopper; and the corrected weight full of water to the zero
mark is found by adding or subtracting the needed amount, as shown
by the height of the thread on the scale. '
For each pycnometer in use, and these are of different sizes, is pre-
pared a table showing its weight, the value of each scale division in
grams of water, and the capacity of the flask at different temperatures,
as indicated above. The preparation of such a series of flasks is time
saved in the end, for the weighing of the flask full of water each time
a density determination is made is rendered superfluous. All that is
necessary is to look up in the table the weight corresponding to the
temperature.
The density of the previously weighed substance in this case is now
determined in much the same way, after the unstoppered pycnometer
' containing it and nearly filled with water has stood with its companion
. vessel of water under the air pump the necessary length of time. The
water needed to fill the flask is taken fromn its companion.

All who have used the pycnometer mnethod for fine substances know
the difficulty experienced in preventing a portion from being held at
the surface, despite all attempts at making it sink. Hence it often
happens that a very small portion runs out around the sides of the
stopper on inserting it. If the flask rests in a small tared dish the
grains thus forced out may be washed down into it and weighed after
evaporation in order to get the correct weight of that in the flask; or,
after weighing, the contents of the flask may be emptied into a tared
dish and the water slowly evaporated off in order to get the weight of
the mineral. Usually this way is less to be recommended. than the
ather,
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Penfield’s method Jor mineral fragments,—Penfield' recommends the
following modification of the suspension method as more convenient
than that by the pycnometer in many cases for small fragments of
minerals.

After boiling in water, the substance is transferred with water to a
small glass tube about 8 mm. by 35 mun., provided with a fine platinum
wire for suspension. This is weighed full of water in another vessel
of water, and again after the removal of the mineral, the weight of
which is found after drying.

This method is, of course, more applicable to homogeneous minerals
than to rock fragments, and will therefore be applied in rock analysis
chiefly to the determination of the specific gravity of the mineral
grains separated by heavy solutions or acids.

Heavy solutions not available in case of rocks.—Because of their rough-
ness, porosity, and complex mineral composition the density of rock
fragments can not be accurately determined by that of heavy solutions
in which they may remain suspended.

WEIGHTS OF SAMPLE TO BE EMPLOYED FOR ANALYSIS.

‘With only occasional exceptions nearly all the constituents men-
tioned on p. 21 can be estimated, if present, in 1 gram of rock sam-
ple. This is a convenient weight to take for the main portion'in which
silica, alumina, ete., the alkaline earths, and magnesia are to be sought,
but it should in general be a maximum, because if larger the precipi-
tate of alumina, etc., is apt to be unwieldy. Its weight can not often
be much reduced with safety. if satisfactory determinations of man-
ganese, nickel, and strontium are to be expected. For the alkali por-
tion one-half gram is a very convenient weight. In general it may be
made a rule not to use more than 2 grams for any portion which has to
be fused with an alkaline carbonate, as for sulphur, fluorine, chlorine.
For carbon dioxide the weight may rise to 5 grams or even more, if
the amount of this constituent is very small, without expenditure of
any more time than is required by 1 gram, and with correspondingly’
greater approach to correctness in the result.

WATER—HYGROSCOPIC.

Importance of not drying before weighing.—The time-honored custom
of drying a powdered specimen before bottling and weighing has long
seemed to the writer one that has no sound basis in reason. Its object
is of course plain, namely, that of securing a uniform hygroscopic -con-
dition as a basis for convenient comparison of analytical results, since
some rocks contain more hygroscopic moisture than others. Nothing,
however, is more certain than that by the time the substance is weighed
it has reabsorbed a certain amount of moisture, small, indeed, in most

1 Am. Jour. Sci., 3d series, Vol. L, p. 448, 1895.
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cases, but very appreciable in others; and further, with every opening
of the tube moisture-laden air enters and is inclosed with the remainder
of the dry powder, It therefore may very well happen that a powder
at first dry will, after several openings of the tube, especially at con-
siderable intervals, be nearly as moist as when first inclosed.

It is preferable to weigh the air-dry powder and to make a special
determination of moisture at 100° or 110° C. 1If all the portions neces-
sary for an analysis are weighed out one after another, or even at
different times on the same day, the error due to difference of hygro-
scopicity in dry and moist weather, which for most of the separate por-
tions is an entirely negligible quantity, is eliminated. Only in the
main portion, in which silica and the majority of the bases are to be
estimated, can it ever be an-appreciable factor.

Temperature of drying.—As to the temperature to be adopted for
drying in order to determine so-called hygroscopic moisture, the prac-
tice has varied at different times and with different workers, ranging
from 100° to 110° C. Tor the great majority of rock specimens it is
quite immaterial which of these temperatures is adopted, since no
greater loss is experienced at the higher than at the lower temperature,
given a sufficient time for the latter. Since the drying is accomplished
more rapidly at 110° than at 1009, it is the present practice in this
laboratory to employ the higher temperature. Should the results show
a very unusually high loss, the powder is reheated at, say, 1259, in
order to learn if the loss is progressive with increased temperature. In
the affirmative case it may be well to repeat the drying at 1009, for a
portion of the loss at 110° was probably due to combined water from a
mineral or minerals in the rock; but in that case even the loss at 100°
may sometimes very well include combined water, and a further drying
over sulphuric acid alone may be desirable, or over dry sand.

Cautionary hints.—In this latter connection it is proper to point out
certain pitfalls in the path of the unwary, which, however, are far more
apt to be encountered in the analysis of minerals, where their influence
may be of far-reaching consequence.

A mineral which loses a great deal of water over sulphuric acid—2 or
3 per cent, for instance—may need an exposure of several days or even
weeks for its complete extraction. If the weighings are made from
day to day, the apparent limit may be reached long before all water
really removable has been taken up by the acid. Whenever the cruci-
ble, after weighing, is replaced in the desiccator, it is no longer in a
dry, but a more or tess moist atmosphere, and its contents, even when
covered, sometimes absorb a part of this moisture and retain it so per-
sistently that the acid is unable to bring the powder beyond its previous
state of dryness in the next twenty-four hours. In fact, it may be
unable even to reach it unless greater time is allowed. An experiment
on 1l gram of tyrolite, made and published some years ago, seems to
illustrate this point in part.
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| oours, | Loss. || ours | pous.
Gram. || - Gram.
18] .0231 24| .0002
26| .0083 24| 0003
23| .0029 48 | 0006
24 -0012 24| .0002
23| .0008
24| L0001 ) 283 .0380
25| .0003

The experiment might reasonably have been considered ended after
the one hundred and fifty-eighth hour, when a loss of but 0.1 milligram
was shown during twenty-four hours; but nevertheless a nearly steady
loss of 0.3 milligram per day took place for six days more, and might
have been longer observed but for the interruption of the experiment.

Again, it is sometimes desirable to determine the water given off by
hydrous minerals in an air bath at temperatures far above 1000 C, To
insure accuracy this experiment should not be made in crucibles or
dishes which must be cooled in a desiccator. One instance will suffice:
A gram of a mineral mixture containing about 17 per cent of water, of
which about 3 per cent was driven off at 1000 and 8 or 9 per cent at 280°,
“was, after several hours’ heating, placed in a desiccator over sulphuric
acid and weighed as soon as cold, then replaced and again weighed the
next day. It had gained 1% per cent of its original weight, although
the desiccator was tightly closed and the crucible covered, showing
apparently a drying power superior to that of the acid.

A specimen of tyrolite was found on one occasion to lose 10.34 per
cent at 280° C,, and on another occasion 14.33 per cent. In the latter
case the drying and heating at progressive temperatures had continued
during a period of 528 hours, the weighings being made usually from
day to day; whereas in the former the duration of the experiment was
much shorter and the intervals between weighings were but a few
hours each.

Procedure in special cases.—For experiments of this nature the pow-
der should be healed in a weighed tube, through which a current of
dry air can be passed, and allowed to cool therein, or else the water
given off should be collected and directly weighed in suitable absorp-
tion tubes,' even though the long time often required is an objection to
this latter method, since the absorption tube may gain weight, other
than that of the water from the mineral, sufficient to introduce an
appreciable error.

The recent important research of Friedel? well shows what errors are

1Jannasch and Locke, Zeitschr. fiir anorg. Chemie, Vol. VI, p. 174, 1894, describe and depict a form
of apparatus adapted for either method of ascertaining hygroscopic water.
2Bull. Soc¢. Min., Vol, XIX, pp. 14, 94, 1896; Comptes Rendus, Vol. CXXII, p. 1006, 1896.
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possible in the determination -of this easily removable water, since he
found that certain zeolites which had been largely dehydrated but not
heated to the point of rupture of the molecular net, could then absorb,
instead of water, various dry gases in which they might be placed, as
carbon dioxide, ammonia, carbon disulphide, and others, even air in
large quantities, and certain liquids. In the light of this observation
the cause of the great increase of 14 per cent in weight of the partially
dehydrated mineral mentioned on p. 28 may very possibly be attributed
to air from the desiccator instead of moisture, as was at the time sup-
posed. At any rate, as Friedel says, the danger of accepting a loss in
weight as an index of the amount of water lost is clearly shown, and
thus that method of determining water is for many cases fully discred- -
ited.” Just what method to adopt must be largely left to the judgment
of the operator, who will often be guided by the mineral composition
of the rock as revealed by the unaided eye or the microscope.

Friedel (loc. cit.) indicates a means for determining the true weight
of water lost by minerals behaving like the zeolites, even without col-
lecting the water lost, namely, by driving out of the dehydrated and
weighed mineral, under proper precautions, any air it may have absorbed
in the process of drying and cooling, and collecting and measuring this
air and thus finding its weight, which, added to the apparent loss, gives
the true contents in water.

Argument in favor of including hygroscopic water in summation.—The
question has been asked: “If the so-called hygroscopic water is not
always such, but not infrequently includes combined water, why is not
its determination and separate entry in the analysis entirely unneces-
sary? Why make a distinction which, after all, may not be a true one %”
The question involves the further consideration of the advisability of
including in the analysis at all the loss at 100° or 110° C. Many pe-
trographers desire to have all analyses referred to a moisture-free basis,
in order that they shall be strictly comparable, and therefore would
omit the “hygroscopic” water from the list of constituents. This would
be eminently proper were it always possible to be sure that the loss at
100° truly represents mechanically held water. Since it very often
represents more, and the determination as to whether or not it does in
each case is not always possible, and would add to the time required for
the analysis, it seems necessary to include this water. What errors
may arise from its exclusion the following rather extreme case well
illustrates: Certain rocks of Wyoming in powder form lost from 1 to 2
per cent of moisture at 110°. That not.even an appreciable fraction of
this was truly hygroscopic the fact of the uncrushed rocks losing the
same amount fully demonstrates; yet the rule followed by many chem-
ists and petrographers would have involved the removal of all this
water as a preliminary to beginning the analysis, and not only would

“a most important characteristic have passed unnoticed, but the analyst

would have reported an incorrect analysis, inviting to false conclusions
and possibly serious confusion.
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Separate entry of hygroscopic and combined water.—To revert now to
the primary question, it may be said that the estimation of the loss at
100° or 110° C. and its separate entry in the analysis is advisable as
‘not infrequently affording at once to the lithologist an indication of the
mineral character of one or more of the rock constituents, thus per-
haps confirming the microscopical evidence or suggesting further
examination in that line. An unusually high loss at 100° would be
regarded as probable evidence of the presence of zeolites or other min-
erals carrying loosely combined water. It has been objected that the
true hygroscopic moisture varies with the degree of comminution of the
sample and with the condition of the air at the time of weighing, and
that it is therefore improper to incorporate it in the analysis; but this
variation is ordinarily not at all great. Perhaps the time may come
when it will be the rule to ascertain by additional heating at a higher
temperature whether the water lost at 100° is to be regarded as purely
hygroscopic. In such case it would be proper to omit it, and a distinet
advance would undoubtedly be scored.

Is all true hygroscopic water expelled at 100°?—It has been tacitly
assumed in the foregoing that true hygroscopic water can all be expelled
at 1000, which perhaps is not to be accepted as universally true. Emi-
nent authority holds that it is impossible, in the cases of certain folia-
ceous minerals, notably the micas, to thus entirely remove it, but that
a part is only driven off at higher temperatures. If this is true a fur-
ther uncertainty is introduced in its determination, which not only
strengthens the argument in favor of entering all water in the tabula-
tion, but also serves to emphasize the difficulties of the situation.

WATER—TOTAL OR COMBINED.

Arguments against “loss on ignition” method.—In a few cases the
simple loss on ignition of arock will give the total water with accuracy,
but in the great majority there are so many possible sources of error
that this old-time method can rarely be used with safety. Only when the -
rock is free from fluorine, chlorine, sulphur, carbon, carbon dioxide, and
fixed oxidizable constituents can the loss be accepted as the true index
of the amount of water present, and it is rarely that a rock is met with
fulfilling these conditions, especially as to the absence of ferrous iron.
Blast ignition in presence of carbon dioxide alone of the above list
may give a correct result, after separate estimation of the carbon diox-
ide, provided this emanates from carbonates of the earths and not from
those of iron or mamganese. The long-maintained and still upheld
idea that in presence of ferrous iron a sufficiently correct result is
obtainable by adding to the observed loss an amount needed for oxidiz-
ing all ferrous iron is not justifiable. There can be no certainty that
the oxidation has been complete, especially in the case of readily fusible
rocks, and at the high temperature of the blast a partial reduction of
higher oxides is not only possible but sometimes certain, The inability
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to insure complete oxidation by simple ignition is illustrated in the
case of precipitated ferric hydroxide, which has been ignited together
with its filter paper. If the quantity was in any degree large it is
sometimes decidedly magnetic, presumably from presence of magnetic
oxide, which no amount of heating wholly oxidizes, especially in the
larger grains.

Brush and Penfield’s method.—Direct weighing of the water evolved
is, then, imperative in most cases, and if no other volatile constituents
are present the beautifully simple method first used by Prof. G. J.
Brush and extended by Prof. 8. L. Penfield! leaves nothing to be
desired for accuracy. It comsists simply in heating the powder in a
_ narrow tube of hard glass, enlarged at the closed end and provided
with one or two further enlargements in the middle to hold the water
and prevent its running back and cracking the hot glass. A capillary
glass stopper, fitted in with rubber tubing, prevents the loss of water
by circulating air currents. The tube being held horizontally, the bulb
is heated to any required degree, either in the blast alone or the sim-
ple combination of blast with charcoal backing used by Penfield, which
gives the white heat requisite for complete expulsion of water in some
cases. Moistened filter paper or cloth wound about the cooler parts of
the tube insures condensation of all water. The heated end being
finally pulled off, the tube is weighed after cooling and external cleans-
ing, and again after the water has been sucked out by aspiration. For
most rocks, as they contain little water, central enlargements of the
tube are hardly needed.

How this simple apparatus is made to afford entirely satisfactory
results, even when carbonates are present, is fully set forth in the paper
cited.

Few rocks, comparatively, are altogether free from other volatile con-
stituents; hence for refined work the application of this apparatus in
the simple manner above set forth is limited. It may, however, be used
with the addition of a retainer for fluorine, sulphur, etc., in the shape
of calcium, lead, or bismuth oxides, or even with sodium carbonate.

In whichever way used the water found is the total water, from which
that found separately at 110° C. may be deducted if desired.

Goocl’s apparatus.—Of more elaborate apparatus designed to be used
. with fluxes the tubulated platinum crucible invented by Dr. Gooch? is
capable of affording most excellent service, and it is the one by which
far the larger number of water determinations in this:laboratory have
been made. Since its manner of use is probably not generally known,
some directions may not be amiss. A detailed description of the appa-
ratus itself would not be clear without a figure, but it may be said that
the form now used differs from that figured in Gooch’s paper and his
subsequent slight modification of it, in that the tubes for connecting

'Am. Jour. Sci., 3d series, Vol. XLVIII, p.31,1894. Zeitsch. fiir anorg. Chemie., Vol. VII, p. 22, 1894,
2Am, Chem. Jour., Vol. II, p, 247, 1880,
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with both the drying and absorption vessels are constructed wholly of
platinum instead of lead glass, the vertical one being bent horizontally
at right angles for convenient attachment to the drying towers, and the
side one also bent at right angles, but downward, so as to admit of
insertion in the rubber stopper of a uU-shaped calcium chloride tube,
The length of the vertical tube, including its horizontal part from top
of cap, is 134 cm.; that of the side tube is 12 em. Theend of the latter
is drawn in slightly, so as to enter the rubber stopper of the absorption
tube without scraping it. With tubes of the lengths above given there
is absolutely no danger of their ends beecoming hot enough by conduc-
tion to scorch or soften the rubber stopper or other connection.

The extra first cost of the platinum extension to these tubes over
the lead-glass ends of Gooch’s original and modified forms need hardly
enter as a factor in the question of employment of this apparatus. The
glass ends often brealk, and only a rich lead glass, not easily obtain-
able, can be used, since it alone will not crack at the joint with the
platinum after cooling. In its present form the whole apparatus
weighs approximately 88 grams. ’

As an adjunct to its convenient use there is needed an ordinary
upright iron ring-stand, with one small sliding ring, and above this a
sliding ring-burner provided with entering ducts for gas and air blast.
Still above this is another small ring, across which there is an arrange-

‘ment of stout platinum wire, forming at the center of the ring a secure
seat for the upturned flange of the crucible proper. Both rings and
burner can be clamped firmly at any height.

The rock powder, having been placed in the cylindrical crucible, is

“there mixed with not more than 3 or 4 grams of fully dehydrated
sodium carbonate,’ or more of lead chromate if carbon is to be likewise
determined, the crucible is sunk in its seat in the upper ring, and the
tubulated cap is fisted on and attached to the calcium chloride drying
towers on the one side and to a sulphuric acid bulb tube on the other.
Powdered sodium tungstate—free from arsenic, which would soon ruin
the crucible lips—is now poured into the flanged lip in which the cap
rests, and a metal vessel of cold water having been raised up by
the lower ring until the platinum crucible is sufficiently immersed, the
blast-fed flame of the ring burner, or that of an ordinary blast lamp,
if at hand, is turned on to melt the tungstate. As soon as this is
fused the flame is removed and the salt solidifies and makes an air-
tight joint, the test of which is the permanence of the column of sul-
phuric acid in the bulb tubes caused by the contraction of the air in
the platinum apparatus as it cools.

After drying by a current of air at 1100 C. for a couple of hours, more
or less (see below), the absorption tube is interposed between the sul-
phuric acid bulbs and the apparatus, being fitted to the latter by its

1This has been heated for alength of time to near its fusing point over a free flame or in an air bath,
to decompose the bicarbonate it usually contains, and then placed in a desiccator.



i DISCUSSION OF METHODS. 33

stopper, which is at other times closed by a glass plug, and while a slow
current of air coutinues to pass the gradual heating and subsequent
fusion of the flux is brought about by the blast-fed sliding ring-burner.
‘When fusion is complete, as shown in the case of sodium-carbonate flux
by the decided slackening of-the gas current through the safety bulbs
attached to the drying tube, the flame is extinguished and a current of
air is allowed to continue until the apparatus is cold.

This apparatus suffers from the drawback. of being slightly permeable
to combustion gases at high temperature. The defect can be overcome
by causing the flame to play upon an outer ordinary platinum crucible,

‘kept permanently filled with sodinm-potassium carbonate. This pro-
tective crucible, however, is soon ruined for other purposes, being dis-
torted by the alternate expansion and contraction of the carbonate.

It has been found that if the operation is carried out expeditiously
and the final full heat applied for but a few minutes the error due to
penetrating water gases is inappreciable. This hastening may be ren-
dered safer by using rather finely powdered calcium chloride in the
central section of the U-shaped absorption tube to avoid large air chan-
nels. Through this, or any apparatus based on similar principles, the
air current should always be forced, not drawn. A warm blast directed
upon the exit tube near its entrance into the absorption tube greatly
shortens the time required and is to be recommended.

In this apparatusonly the water expelled above 100° to 110° should as
a rule be determined, and to effect drying of the mixed mineral powder.
and sodinm carbonate, after luting the tubulated cap on the cylindri-
cal crucible with sodium tungstate, the tube is sunk through a round
hole in the cover into a small e¢ylindrical air bath, which can be heated
from beneath by the same ring burner which is subsequently to fuse.
the flux. A slow current of air is then forced through and the drying:
satisfactorily accomplished.

The reason why it is unsafe to attempt estnn‘mtlon of “hygroscopic”.
moisture in this apparatus is, that the luting of the two parts must be
done by direct application of a flame to the tungstate, and considerable
water vapor may enter the apparatus and be in part retained by the
dried sodiuin carbonate.

Chatard’s apparatus.—The platinum apparatus dev1sed by Dr. Cha-
tard! overcomes the permeability of the metal to gases and affords
sharp results, moreover permitting of determining by direct absorption.
not only the hygroscopic water, but that which may be driven off at any
desired temperature. It is, however, more costly than the Gooch appa-
ratus, and the supposed nonliability to injury by warping, because of
the protective layer of borax and asbestus, can hardly be oonsudered as.
provéd.

Penfield’s second method.—Simplest of all, and permitting by the use.
of auxiliary arrangements such as shown in Chatard’s paper of deter-

! Am. Chem. Journ., Vol. XIII, p. 110, 1891; Bull. U. 8. Geol. Survey No: 78, p. 334, 1891.
Bull. 148 3
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mining the hygroscopic as well as any other traction of the water, is the
glass tube arrangement described on page 37 of Dr. Penfield’s article
cited on page 31.

All of these apparatus, except the first-mentioned glass tube, permit
of the estimation of other constituents besides water in the same por-
tion if necessary, and by the use of lead chromate or potassium chro-
mate instead of sodium carbonate, graphite, or the carbon of organic
matter, can be simultaneously determined with the water.

To one accustomed to its use, and with a drying and suspension
~ attachment permanently set up, the Gooch apparatus, considering its
limitations above set forth, offers perhaps the most handy and conven-
ient means for the determination of water in rocks. Its high first cost,
in comparison with the glass tube, is fully made up in time by its
durability.

Jannasch’s methods.—That most zealous deviser of improved methods
in mineral analysis, Prof. P. Jannasch, has published in the Zeitsch,
fiir anorg. Chemie and the Ber. Deutsch. chem. Gesell., several papers
dealing with the problem of water determination in minerals besides
the one already cited. Beginning with lead oxide as a flux, he subse-
quently experimented with lead chromate, borax, and boric acid, finding
all of these to give accurate results in most cases when his directions
are carefully followed, but unfortunately not capable (with the excep-
tion, perhaps, of lead chromate), like sodium carbonate, of general
applicability, since with certain minerals one or the other fails to effect
complete decomposition or to retain all volatile constituents. Especially
for these reasons, also because the methods have not been tested in
this laboratory and bécause Professor Jannasch is still engaged in
extending the boric-acid method, their use is not at present advocated
for rock analysis, Moreover the rock must be in such an impalpable
powder for the boric-acid decomposition that a half to one hour has to
be expended in the grinding of one gram or less—a serious consideration
for the busy chemist.

SILICA, ALUMINA, ETC.

Remarks on a,ltematwe methods of decomposition.—Various fluxes
other than alkaline ¢arbonates have been recommended for breaking
up silicates insoluble in ordinary acids, such as lead and bismuth oxides,
lead carbonate, borax, and boric acid. Prof. P, Jannasch and his
pupils have been especially active of recent years in this line of work,
as evidenced by their numerous published papers. Oune of the advan-
tages these fluxes possess over the alkaline carbonates is their remova-
bility after serving their purpose, thus allowing the various separations
to be made more perfectly and without the annoying interference of
several grams of foreign fixed salts, which are most troublesome in that
part of the analysis devoted to the separation of silica, alumina, iron,
lime, and magnesia. )
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Another of their advantages is that with some of them it is possible
to estimate in one portion the alkalies, in addition to those constituents
usually determined 'in the silica portion. Where the material is limited,
a8 it so often is in mineral analysis, this is a most important advantage,
sufficient to outweigh all possible objections; butin rock analysis, where
the supply of material is usually ample, it is rarely worth consider-
ing. A still further point in their favor is that it is probably more
easy to obtain them entirely free from fixed impurities than an alkaline
carbonate.

There are, however, objections to their use. With some of them an
extraordinary amount of time must be devoted to grinding the mineral -
to an impalpable powder, and the flux itself may need considerable
hand pulverization. Once introduced, they must be removed before the
analysis can be proceeded with, and this removal takes much time and
is always a possible source of error. The expulsion of boric acid and
drying of the silica in the recent method of Jannasch and Heidenreich,!
from their own account, requires the almost constant supervision of the
chemist for several hours. In mineral analysis these objections are enti-
tled to far less weight than in rock analysis, since the object sought—
usually the deduction of a formula—warrants the expenditure of much
time and painstaking care. Finally, it has been found that one or more
of these fluxes are not available for altogether general use, since certain
minerals do not fully succumb to their attack, as andalusite with boric
acid and others with lead oxide (Jannasch). Therefore, however well
adapted one or the other of these methods may be for the analysis of
homogeneous minerals, it is very improbable that the vivid anticipa-
tions of Professor Jannasch,? to the effect that the boric-acid method
will soon supersede the alkaline-carbonate-fusion method in rock as well
as mineral analysis, will be speedily realized. Nor can the great sav-
ing in time of 50 per ¢ent which is claimed be for a moment admitted. It
may be that a chemist attending to only one analysis at a time will finish
it somewhat sooner by following. Professor Jannasch’s procedure than
the one here outlined; but it is quite poss1ble, a8 intimated on page 22,
for two, or even sometlmes portions of three, analyses to be carried on
in different stages of completion at the same time by the methods herein
set forth.

The practice of separating alumina, etc., by the usual methods, after
first attacking the rock powder by hydrofiuoric and sulphuric acids—
silica being estimated in a separate portion—while attractive in prin-
ciple, was abandoned by the writer after fair trial, owing to the disturb-
ance sometimes occasioned by incomplete expulsion of fluorine and to a
less degree by the presence of sulphates instead of chlorides. With
exception of the comparatively few analyses made thus, the sodium-
carbonate method has always been employed. In the case of rocks
rich in fluorine strict aceuracy would require the separation of silica

1 Zeitsch, fiir anorg. Chemie, Vol XI1, p. 208, 1896, . 2 Loc. cit., p. 219,
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to be made as in the Berzelian method. for fluorine estimation, but in
practice it is hardly eyer necessary to resort to this tedious procedure,
“since the amount of fluorine is usually small and-it can by no possi-
bility cause a loss of much more than three-fourths its own weight of
silica by volatilization as silicon fluoride when the sodium-carbonate
fusion is evaporated directly with hydrochloric acid. Probably the
loss is less, since some fluorine perhaps escapes as hydrofluoric acid.
However this may be, the error is of comparatively slight importance,
since it attaches to the constituent always present in greatest amount.
Purity of the sodium carbonate used as a flur.—Notwithstanding the
- most earnest efforts for years, it has been impossible to procure, either
in the open market or by special arrangement with manufacturers, an
article of sodium carbonate which can be called chemically pure.
With special precautions small lots can be prepared in the laboratory
that will contain less than 1 milligram total impurity in 10 grams; but
such an article can not be purchased in the market, and rarely will the
so-called chemically pure dry sodium carbonate contain as little as 1
milligram in 10 grams. The invariable contamination, aside from sand
and straw, which have sometimes been found in large amount, is silica,
alumina, iron, lime, and magnesia, all of these going into aqueous solu-
tion with the carbonate. The chief of these impurities are usually
silica, alumina, and lime. An article of the above degree of purity is
satisfactory in almost all imaginable cases, since the use of the usually
extravagant amount of 10 grams for a fusion would introduce an error
of but 0.1 per cent in the analysis, supposing 1 gram of mineral to be
operated on. This error is undoubtedly fully equaled by the intro-
duction of dust from the air in the various long evaporations.
Precautions in fusing.—Special directions with regard to the fusion
and its first treatment are unnécessary, except to say that the flame
should not be directed vertically against the bottom of the crucible,
but at an angle against the side and bottom, nor should the tlame be
allowed to envelop the whole crucible. These precautions apply in all
ignitions of reducible substances, and yet they are rarely observed.
In neither case, if neglected, will there be the necessary oxidizing
atmosphere within the crucible; on the contrary, reduction may occur
fraught with serious consequences. This is especially true if the rock
contains more than traces of pyrite or other sulphide, when, after
cleansing and igniting the crucible, there may appear on its interior a
darkening due to oxidation of reduced iron which had alloyed with the
platinum. This may in exceptional cases amount to several milligrams
in weight, and can be removed only by repeated ignitions, followed each
time by scouring or treatment with hydrochloric acid. In order to
avoid the use of niter in case of pyritiferous rocks, it is well to first
roast the weighed powder in the crucible in which the fusion is to be
made. ‘ ’ o
It sometimes happens that the cooled flux, and even its solution,
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will indicate absence of manganese when it is really present in quan-
tity to give normally a strong coloration. Two fusions made side by
side or successively, under apparently similar conditions, may in one
case show little or no manganese; in the other considerable. This
observation has been frequently made, and therefore the absence of a
bluish-green color in the fusion is not to be taken as proof of the absence
of manganese. This difference of behavior I can ascribe to no other
cause than that of a reducing atmosphere in one of the crucibles and
an oxidizing one in the other, even though the conditions were appar-
ently alike. ,

Drying and testing of silica.—As to the best way of rendering silica
insoluble by. evaporation, my own predilection is for a double evapora-
tion instead of a single one on the water bath. By fusing with sodium
carbonate in the forenoon, the silica is ready for the first filtration in
the afternoon. It is quite unnecessary to carry the evaporation beyond
approximate dryness. The filtrate is again evaporated, always in plati-
num, and is ready for final filtration the following morning, when ap-
proximately 1 per cent of silica is recovered and added to the main
portion. My experience is that a better separation of silica is effected
hereby, and in no more time than by a single long evaporation. That
which is subsequently recovered from the ammonia precipitate rarely
exceeds a half or, at the most, 1 milligram.

Drying in an air bath at 110° C. or higher, or on a hot plate or sand
bath, or over a free flame, in order to render silica insoluble, offers no
advantage unless much magnesium is present, and then the most favor-
able temperature, according to Gilbert,’ is 120© C. The presence of
much caleinwn chloride seems to facilitate dehydration of the silica, while
magnesium chloride above 120° C., by decomposing, forms a silicate

which dissolves in hydrochloric acid and increases the amount of silica
carried into the filtrate. It does not appear from Gilbert’s paper that
the blast-furnace slags, on which he experimented, contained titanium,
phosphorus, or iron in appreciable amounts. Basic magnesian rocks
usually do, and in such cases it is doubtful if the employment of a dry-
ing temperature of 120° would not materially add to the large impurity
always to be expected with the silica. In other cases he confirms the
earlier belief that drying temperatures higher than that of the water
bath increase the amount of insoluble impurity, chiefly alumina, in the
silica, and that this amount can not be reduced by long digestion with
hydrochlorie acid. TFurther, he confirms Lindo’s statement that evapo-
ration with sulphuric acid till the appearance of white fumes gives a
higher result in silica than with hydrochloric acid. But for general
rock analysis the use of sulphuric acid at this stage must be rejected
utterly. . . .

Blasting for twenty to thirty minutes is necessary to expel all moist-

'Technology Quarterly, Vol. III, p. 61,1890. Abstractin Fresenius’s Zeitschr. fiir anal. Chemie, Vol.
XXIX, p. 688, 1890.
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ure from the silica. Its weight should always be corrected for im-
. purities, which are néver absent, by evaporating with hydrofluoric and
~ sulphurie acids and again blasting. If toward the end of evaporation
with these acids, when the hydrofluoric acid has been driven off and
the sulphates begin to appear in solid form, the residue has a peculiar
milky or enamel-like appearance, it may be taken as evidence of much
phosphorus and titanium.! This appearance is so unusual and striking
that it is worth while calling attention to it. With basic rocks very
rich in titanium and phosphorus the residue may amount to 2 or even
3 per cent of the rock. ,

The subsequent precipitate of alumina, ete., is usually ignited in the
crucible containing the residue from the s1hca

It might be supposed that this residue would contain most of the
barium of those rocks carrying that element together with sulphur or
sulphates, but the reverse is true as a rule. Only when there is a con-
siderable excess of SO, over the BaO will much of the latter be found
there, and usually there is none at all. Should some be present, its
removal-and estimation at this stage is not necessary, as it can be more
conveniently recovered later, together with the silica accompanying the
alumina, ete., precipitate.

The separation of silica in rocks containing fluorine has been touched
upon in commenting on the sodium carbonate method of fusion (p. 35).

Platinum in filtrates.—The filtrates from the silica always contain
notable amounts of platinum. This arises in very small degree from
the crucible fusion, in a larger one from the action of hydrochloric acid
on manganate and permanganate, sometimes chromate of sodium, and,
if much iron is present, in no small degree from the reduction of ferric
chloride to ferrous by the platinum of the dish. This reaction is little
known, apparently, but is mentioned in Gmelin-Kraut? and can be read-
ily demonstrated by evaporation of ferric chloride in platinum.

Metals of the hydrogen sulphide group.—The presence in appreciable
amounts of metals precipitable by hydrogen sulphide, except perhaps
copper, is of such infrequent occurrence in most rocks that discussion
is unnecessary in their connection. In case it is necessary to precipi-
tate them, however, it is always well to bear in mind that some titaninm
may be thrown down along with them. Separations of the silica should
be made in porcelain, to eliminate platinum, or, better still, the quan-
titative estimation of any of these metals should be made in a separate
portion of the rock broken up by the action of hydrofiuoric and sul-
phuric acids.

Alumina, etc.—The removal of platinum from the filtrates béfore pre-
cipitating alumina and iron is quite unnecessary, and to do so would
involve the reexidation of all iron and subsequent boiling to remove

11t is possible that this a,ppe'uance is caused Ly zirconium with the phosphorus and titaninm. (See
p. 40, footnote.)
2 Anorg. Chem., Vol. ITI, p. 359. Sixth revised edition.
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or destroy the excess of oxidizing agent, together with the waste of
much valuable time. The iron is already oxidized by the fusion, and
needs no further help in that direction.

Two precipitations by ammonia are usually quite sufficieut to sepa-
rate iron, alumina, phosphoric acid, chromium, titanium, and zirco-
nium, if*all these are present, from nickel, manganese, the alkaline
earths, and magnesium, provided ammoniacal salts are present in suf-
ficient quantity. This last point is of special importance as regards
magnesium, and failure to observe it is doubtless the reason why many
old analyses and sometimes modern ones show utterly inprobable per-
centages of alumina, especially as chemists were formerly often satis-
fied with a single precipitation. The necessary ammonium chloride is
better obtained by the use of purified ammonia water and hydrochloric
‘acid than by the addition of the solid salt, which is seldom pure.

Manganese not always separated by ammoma.—But it will occasionally
happen that the separation from even very smnall amounts of manga-
nese is altogether incomplete, and the uncertainty of insuring this
separation has led the writer of late to employ the basic acetate
method for the first precipitation in all cases where manganese is pres-
ent—and the. exceptions are few—even though the precipitation of
alumina is sometimes less complete than by ammonia.! Not more than
2, or at most 3, grams of sodium acetate need be used. After slight
washing the precipitate is redissolved in a sufficient excess of hydro-
chloric acid and reprecipitated by ammonia in slight excess. The com-
plete boiling off of this excess is unnecessary, as pointed out by Genth
and Penfield, since it is apparently the washing with pure water and
not the free ammonia which carries small amounts of alumina into the
filtrate. Penfield and Harper? recommend washing with a dilute solu-
tion of ammonium nitrate (20 c. c. nitric acid, neutralized by ammonia,
to the liter), and also the solution of the first precipitate in nitric
instead of hydrochloric acid, in order to shorten the washing, there
being no chloride to remove.

The filtrates are strongly concentrated separately®in platinum, a drop
or two of ammonia being added toward the end to the second one, and
filtered successively through the same small filter into a flask of 150 to
200 c.c. capacity, the ammoniacal filtrate serving as wash water for the
first dish and containing enough ammoniacal salt to prevent precipita-

1The fact must not be overlooked that certain of the rare earths may pass completely into the
filtrate if the basic acetate method is followed. If then, later, on rendering the combined filtrates
ammonical, an unexpectedly large precipitate appears, this should be carefully examined as to its
nature. In an analysis of piedmontite from Maryland over 2 per cent of rare earths, including cerium
and others not identified, were quantitatively separated in this way from iron, alumina, etc.

2Am. Jour. Sci., 8d series, Vol. XXXIT, p. 112, 1886.

31f, instead of sodium acetate, ammonia alone has been used to precipitate alamina, etc., it has some-
times happened in the experience of others than the writer that on concentration of the first filtrate
a pale straw-colored precipitate appeared which remained on the filter with the traces of alumina that
may also separate, although it is slowly soluble in hot water. This is some compound of platinum,
and attention is called to it here for the guidance of others who may notice it and he unaware of itg
character.
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tion of magnesium in the first filtrate when mixed with it. If man-
ganese has been deposited upon the surface of the dish it is removed
by hydrochloric and a drop or two of sulphurous acids, which mixture
is then passéd hot through the filter. A reprecipitation by ammonia is .
then made, and the precipitate collected again on the filter and added to
the main one, the filtrate passing into the flask containing the previous
one. If much manganese is present, of course a second precipitation by
ammonia, of the small precipitate, may be required. In these cases
there is no difficulty in getting all the manganese into the filtrate.

Treatment of the alumina precipitate—The combined alumina, ete.,
precipitates are ignited moist, in the paper, unless considerable iron is
present, when the main one is dried, removed as far as possible from
the paper, and the latter ignited separately to prevent partial reduc-
tion of a portion of the iron, which can not then be reoxidized by heat-
ing (see p. 31). o
- Alumina in the quantities ordinarily found can not be fully dehy-
drated by the full heat of the Bunsen burner. It must be blasted for
five or ten minutes. If iron is present in large amount this last opera-
tion must be conducted so as to insure free access of air to the crucible
(p. 36). . , -

Estimation of silica and iron in the alumina precipitate.~—The precipi-
tate is dissolved by fusion with acid potassium sulphate, an operation
which is accomplished without trouble in from two to four hours if the
temperature is kept low and the acid salt has been properly made free
from water and excess of acid. The melt is taken up with hot water
and considerable dilute sulphuric acid, the residue collected, weighed,
and corrected by hydrofluoric and sulphuric acids for silica, which, as
said before, rarely amounts to 1 milligram in weight, and further exam-
ined for barium (see p. 38) by dissolving in hot, strong salphuric acid
and diluting with cold water.! The filtrate is reduced, hot, by hydrogen
sulphide, boiled to collect the sulphur and platinum sulphide result-
ing from the bisulphate fusion, the hydrogen sulphide being allowed
to pass for a short time after boiling? It is then filtered® hot into a

!Some years ago, in a series of analyses of rocks from the Leucite Hills, in Wyoming, there was
obtained at this stage, when it was customary to dissolve the melt in cold water only preliminary to
precipitation of titanium by boiling the neutralized sulphuric solution in presence of sulphur diox-
ide, a white, more or less flocculent residue amounting to 1 to 3 per centof the rock, which was at first
taken to be a mixture of tantalic and columbic acids. Eventually it was found to consist apparently
of nothing but TiO; and P,0; with perhaps a little ZrO,. By repeated fusion with acid potassinm
sulphate and leaching with cold water it could be gradually bronght into solution. It was theserocks
which furnished the most striking instance of the peculiar, milky, sulphate residues ‘mentioned on
p. 38, as derived from the ignited silica.

Knop (Zeitschr. fiir Kryst., Vol. X, p. 73, 1885) seems to have obtained a similar mixture in analyz-
ing minerals from the Kaiserstuhl in Baden, but its nature was not ascertained, though suspected to
be, if not silica, columbiferous titanic acid. .

21t may be mentioned that the precipitation of platinum from a hot sulphate solution is far quicker
and cleaner than from hydrochloric acid.

3Filtration is not necessary if only precipitated sulphur and no sulphides are in suspension, since
this is without reducing action on cold permanganate solution, as Wells and Mitchell, and others
before them, have pointed out. The above anthors nsed this method of reducing ferric iron in-titanic
jron ores. (Jour. Am, Chem. Soc., Vol. XVII, p. 78, 1895; also Chemical News, Vol, LXXIII, p. 123,
1896.)
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flask attached to a carbonic acid apparatus, and brought to boiling to
expel hydrogen sulphide. When this is fully effected the flask is
cooled in water while the carbon dioxide still passes, and the solution
is then titrated by potassium permanganate. The results are strictly
accurate when care is taken with the reduction by hydrogen sulphide,
and the method is altogether superior to that of reduction by zinc,
since no foreign impurity affecting the result is introduced, and the
ever-present titanium is not also reduced. If this latter element has
not already been tested for, its relative amount can be conveuiently
ascertained by adding hydrogen peroxide to the titrated ferric solution.

Alumina found by difference.—In this laboratory titanium and phos-
phorus are estimated in separate portions, and likewise zirconinm and
chromium if present. The alumina is always found by difference after
deducting their sum as oxides and the total iron as ferric oxide from
the combined weights. This throws upon the alumina all errors
- involved in their separate determinations, but these may balance, and
in any case the probable error can hardly be as high as that involved
in the direct weighing of the alumina itself, considering the difficulty
of effecting a satisfactory separation of it from all the other admix-
tures, ah operation which would, moreover, immoderately extend the
time required for each analysis.

Alternative method.—Should it be desirable for any reason to effect
an actual further separation, this may best be done, up to a certain
point, after the bisulphate fusion, by removal of the iron by ammo-
nium sulphide in ammonium-tartrate solution, evaporation of the
filtrate, ignition of the residue with sodinm carbonate and nitrate, and
extraction with water, whereby titanium and zirconium are left on
the filter as sodium salts, and the chromium is carried into the filtrate
as chromate. The further separation of AL,O; and P,O; from the chro-
mium is outlined under the head of Chromium (p. 51). This is as far
as the separation can well be carried, and the alumina must still be
found by subtracting the P,O; from the combined weights of the Al,0,
and P,O;. The possibility of loss of some P,O; by volatilization' during
the bisulphate fusion must be borne in mind here, for if it takes place
the final weight of ALO; and P,O; will not contain all the P,0s.

Some writers recommend dissolving the ignited alumina, etc., in
hydrochloric acid, but when the precipitate has been heated over the
blast, as it should be, this is very ineffective.

MANGANESE, NICKEL, COBALT, COPPER, ZINC.

Ammonia is added to the flask containing manganese, the earths, etc.,
and hydrogen sulphide gas is introduced, whereby manganese, nickel,
copper, zine, and a small part of the platinum from the dish are precipi-
tated. The flask is set aside, corked, for at least twelve hours, and

1G. Rose speaks of such loss when volatilizing sulphuric acid in presence of phosphorlo acid.
Handb. f. quant. Anal., Finkener edition, Vol. IT, p. 575, and elsewhere.



42 . ANALYSES OF ROCKS AND ANALYTICAL METHODS. EBULI« 148.

preferably twenty-four, or even longer; the precipitate, collected and
washed on a small filter with water containing ammonium chloride
and sulphide, is extracted by hydrogen sulphide water acidified with
one-fifth its volume of hydrochloric acid (sp. gr. 1.11), manganese and
zine, if present, going into solution.

Manganese—The filtrate is evaporated to dryness, ammonium salts
are destroyed by evaporation with a few drops of sodium carbonate
solution, hydrochloric and a drop of sulphurous acids are added to
decompose excess of carbonate and to dissolve precipitated manganese,
and the latter is reprecipitated boiling by sodium carbonate after evap.
oration of the hydrochloric acid. If zine is present it can be separated
from the manganese after weighing. For the small quantities of man-
ganese usually found the sodium carbonate method of precipitation is
to be preferred to that by bromine or sodium phosphate, as equally
accurate and a great time saver. No precipitations have as yet been
made with hydrogen peroxide in alkaline solution, in the manner pro-
posed by Jannasch and Cloedt,’ but the method appears full of promise
and extremely simple, affording also .separation from zine, if present,
and it will be subjected to full trial at some future time. .

The employment of ammonium sulphide instead of bromine: for the
separation of manganese from the alkaline earths and magnesia has
the advantage that, by a single operation, nickel, copper, and zinc are
likewise removed if present. There need be no fear of overlooking
nickel or copper, for under the conditions of the precipitation they are
not held in solution. Now and then a trace of alumina may be found in
the precipitate, and magnesia, too, would contaminate it if ammonium
salts were not present in sufficient quantity. Regard must therefore be
had to these possibilities, and also to the rather remote possibility of
the presence of rare earths which were not thrown out by the basic
acetate precipitation (see footnote, p. 39).

Nickel, cobalt, copper.—The paper containing these is incinerated in
porcelain, dissolved in a few drops of aqua regia, evaporated with
hydrochloric acid, the copper and platinum thrown out warm by hydro-
gen sulphide, and nickel and cobalt thrown down from the ammoniacal
filtrate by hydrogen sulphide. This is then rendered faintly acid by
acetic acid and allowed to stand. The sulphide of nickel is simply
burned and weighed as oxide, its weight being almost always very
small, and then tested for cobalt in the borax bead.

It is somewhat unsafe to consider traces of copper found at this
stage to belong to the rock if the evaporations have been conducted, as
is usually the case, on a copper water bath, or if water has been used
which has been boiled in a copper kettle, even if tinned inside. There-
fore, and because of its contamination by a little platinum, it is better
to determine copper in a separate portion if its presence is indicated
with certainty. '

- ¥ Zeitschr. fiir anorg. Chemie, Vol. X, p. 405, 1895,
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" CALCIUM AND STRONTIUM (BARIUM).

Precipitation and separation.—The platinum derived from the dish in
the silica evaporation, except for the small portion precipitated with
the manganese sulphide, is now wholly in the filtrate from the latter.
Its filtration at this or any other stage is quite unnecessary; nor is the
removal of ammonium chloride usually demanded, since there is no-
undue amount present in most cases, the first precipitation of alumina,
etc., having been by sodium acetate.! Therefore, without destroying
ammonium sulphide the calcium-and strontium are-thrown out by
ammonium oxalate at boiling heat, the precipitate, often darkened by .
deposited platinum sulphide, is ignited and redissolved in hydrochloric
acid, boiled with ammonia to throw out traces of alumina sometimes
present and reprecipitated as before, but in a small bulk of solution.
It is weighed as oxide, transferred to a smallflask of 20 c. c. capacity,
dissolved in nitric acid, evaporated to dryness at 150 to 160¢ C., and
the separation of strontium from calcium effected by ether-alcohol? or
amyl aleohol.? . .

Behavior of barium.—Barium will, after two ammonium oxalate pre:
cipitations, never be found with the ignited calcium and strontium in
more than gpectroscopic traces, unless originally present in excess of 3
or 4 milligrams, and very often only when in considerable excess.* If
present with them, however, it will be separated with the strontium by
ether-alcohol or amyl alcohol, and these two must then be treated by
the ammonium chromate method as prescribed by Fresenius,® in order
to arrive at the strontium. The barium is best estimated in a separate
portion, (see Barium, p. 45). .

Necessity of two precipitations by ammonium oxalate.—It may be said
with regard to the separation of calcium from rhagnesium, that two pre-
cipitations by ammonium oxalate are essential to the attainment of
correct results, not only for the complete removal of magnesium but
of sodium as well, the retention of compounds of the latter element by
calcium oxalate having been frequently observed here and elsewhere.

MAGNESIUM. i

Platinum sulphide strongly contaminates the precipitate of magne-
sium phosphate in the first filtrate from the calcium oxalate, unless
ammoniacal salts have been removed, as is advisable with very little
magnesium; but this matters not, as it remains on the filter when the.
phosphate is redissolved in hydrochloric acid and added to the second

'If two or three precipitations by ammonia alone are depended on, the second and third filtrates
are evaporated rapidly to dryness and the ammonium salts removed by ignition.

28ee Fresenius, Zeitachr. fiir anal. Chemie, Vol. XXXTI, pp. 189, 312, 1893, for the latest improve-
ments in this method.

3Browning, Am. Jour. Sci., 3d series, Vol. XLIII, pp. 50, 314, 1892.

4W. F. Hillebrand, Jour. Am. Chem. Soc., Vol. XVI, p. 83, 1894; Chemical News, Vol. LXIX, p. 147,
1894. '

5 Zeitachr. fiir anal. Cheiie, Vol. XXIX, p. 428, 1890.
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filtrate from calcium oxalate, where it is again precipitated. Barium
phosphate will not contaminate the second precipitate unless there are
notable amounts of barium in the rock, in which case it must be
removed by sulphuric acid prior to the final precipitation of the mag-
nesium. The magnesium-ammonium-phosphate may be collected in a
Gooch crucible and weighed, or on a paper filter whence it may be
washed into a tared crucible by nitric acid, evaporated,! ignited, and
weighed therein as pyrophosphate. The latter way, though longer
than that by the Gooch crucible, offers a certain advantage in facili-
tating the detection and estimation of the small amount of calcium

" which the magnesium always carries with it (see below), but it suffers
from an objection which will appear shortly. In order to get the cal-
cinm which it carries the ignited pyrophosphate is dissolved in a few
drops of hydrochloric acid, the solution is rendered just ammoniacal,
the precipitate just redissolved by acetic acid, and a very small pinch
of ammonium oxalate is added. In the cold solution, kept down to a
few cubic centimeters in bulk, a turbidity appears shortly, which is
almost invariably calcium oxalate, sometimes .accompanied by magne-
sium oxalate. If necessary, it can be purified by re-solution and repre-
cipitation after ignition, and its weight, averaging one-half milligram,
is then added to that of the lime already found, and subtracted as
tricalcium phosphate from that of the magnesium pyrophosphate, in
order to arrive at the true figure for magnesium. This separation, to
be successful, must be done with care.

Now it has been often observed that the pyrophosphate obtained by
evaporation with nitric acid in a platinum crucible does not always dis-
solve completely in hydrochloric acid after ignition, but that sometimes
a white residue is left in light lumps which appear to be quite insoluble
in acids. It contains no silica, but only phosphoric acid and magnesia,
apparently, and 1s presumably a peculidr metaphosphate. The cause-
of its formation is probably this; In the evaporation with nitric acid
magnesium nitrate and free phosphoric acid are formed, and crystalli-
zation partially takes place before the phosphoric acid has had a chance
to expel the nitric acid, the consequence being that the complete molecu-
lar rearrangement, from which only pyrophosphate can result on igni-
tion, can not take place,and the ignition product contains, in addition to
pyrophosphate, other compounds, including, perhaps, metaphosphate
and metaphosphoric acid. If the last, the weight found would be in
error by the water retained by the metaphosphoric acid, even supposing
none of the latter to be volatilized during ignition. Otherwise the
weight would not differ from that of pyrophosphate alone. The uncer-
tamty seems to be sufficient to condemn the method for accurate work,
which is unfortunate, for it obviates the need of dissolving the phosphate

'A pink color of varying intensity almost invariably becomes apparent as the mass approaches dry-
ness, a most delicate test for the traces of manganese which always escape precipitation by ammonium
sulphide or bromine.
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off the felt of the Gooch crucible and subsequent concentration of the
filtrate in order to look for contaminating lime.

BARIUM AND TITANIUM.

Barium.—It has been said above (p.43) that only in very exceptional
cases will barium be found with the calcium and strontium after two,
oor possibly three, precipitations of the latter as oxalate, since 1t passes
into the filtrates with the magnesium, whence it may be obtained as
sulphate after removal of ammoniacal salts. Addition of some alcohol
insures also the recovery of traces of strontium if the rocks are very
rich in it. But it is unsafe to regard the amount thus separated from
the magnesiumn as representing the total amount of barium in the rock.
It will almost always be found lower than the truth, probably for the
reason that there are opportunities during the analysis for slight losses
in the form of sulphate. It is best to estimate it 1n a separate portion,
which may also serve with advantage for the estimation of titanium.

The powder is attacked by hydrofluoric and sulphuric acids, and
every trace of the former then expelled by repeated evaporations with
the latter. This expulsion of fluorine must be thorough, or else the
titanium result will be low, and it is not always easy to effect this com-
plete removal, though the time required seems to be in no slight degree
dependent on the nature of the fluorides to be decomposed. Long after
every trace of fluorine seems to be gone, the formation of a crust on the
evaporating salts sometimes allows an accumulation of enough hydro-

- fluoric acid gas to become plainly manifest to the smell on breaking

the crust. Possibly fusion of the mixed sulphates and fluorides with
_boric acid, and removal of the latter by evaporations with methyl aleohol
saturated with dry hydrochloric acid gas,as recommended by Jannasch!
for the conversion of sulphates and possibly fluorides into soluble chlo-
rides, would effect this expulsion of fluorine more certainly than mere
‘evaporation with sulphuric acid; but these operations evidently require
almost constant personal supervision, whereas repeated evaporations
-with sulphuric acid can be carried out on a radiator with almost no
supervision. Moreover, the barium would have to be reprecipitated,
whereas by the sulphuric-acid method it is already as sulphate.

The sulphate residue is digested for some time with dilute sulphuric
.acid of not less than 5 per cent strength. With acid rocks solution is
very complete, but it can be made nearly so with even the most basic
by transference to a small beaker and boiling. The filtrate is set aside,
the residue ignited and fused with sodium carbonate, since zircon, anda-
lusite, and a few other minerals are incompletely decomposed by hydro-
fluoric acid, and zircon, at least, is often present in appreciable amount.
The melt is leached with water, washed, and extracted by a few drops
of dilute hydrochloric acid, from which solution the barium is thrown

1 Zeitschr. fiir anorg. Chemie, Vol. XTI, p. 223, 1896.
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out by a large excess of sulphuric acid. A single solution of the barium
sulphate in concentrated sulphuric acid and reprecipitation by water
suffices to remove traces of calcium which might contaminate it if the
rock was one rich in calcium, and even strontium is seldom retained
by it in quantity sufficient to be concerned about. Should this be the
case, however, which will occur when the SrO and BaQ are together in
the rock in, roughly speaking, 0.2 and 0.4 per cent, respectively, the only
satisfactory way is to convert the sulphates into chlorides and to apply
to the mixture the ammonium-chromate method of separation (p. 43).

Barium and strontium sulphates can be brought into a condition for
testing spectroscopically by reducing for a very few moments the whole
or part of the precipitate on a platinum wire in the luminous tip of a
Bunsen burner, and then moistening with hydrochloric acid. This
should be known to everyone, but probably is not. :

The procedure outlined in the foregoing paragraphs for the estimation
of calcium, strontium, and barium in silicate rocks is the one which long
experience has shown to be best adapted for securing the most satisfac-
tory results with a minimum expenditure of time.! Even where no at-
tempt is made to separate contaminating traces of SrO and BaO one
from the other, the error is usually of no great consequence, for an
absolute error of 25 per cent, even, in a substance constituting only one
or two tenths per cent of a rock is ordinarily of small moment compared
with the ability to certify to its presence with approximate correctness.

Separation of barium from calcium and magnesium by the method of
Mar.—With such small amounts of barium as are usually found in
rocks it is doubtful if Mar’s? method for the separation of barium from -
calcium and magnesium, by the solvent action of concentrated hydro-
chloric acid mixed with 10 per cent of ether on the chlorides, could be-
conveniently applied here, although for larger amounts the method
would seem to be accurate and easily executed. Moreover, it would
probably not entirely remove contaminating strontium, and hence offers
no advantage.

Titantum; colorimetric method —The small hydrochloric filtrate from
the barium sulphal:e, above mentioned, is evaporated to expulsion of
the hydrochloric acid and added to the mam solution containing the
titanium, which is then oxidized by fluorine-free hydrogen peroxide®
and compared with a standard solution of titanium sulphate, similarly
oxidized (Weller's method).* Mere traces of hydrofluoric acid render
the results-inaccurate; hence the caution enjoined as to the first treat-
ment of the rock powder and as to the character of the hydrogen
peroxide, which, as sold in the market, often contains fluorine.

1 For details consult W. F. Hillebrand, Jour. Am. Chem. Soc., Vol. XVI, p. 83, 1894; Chemical
News, Vol. LXIX, p. 147, 1894.

2 Am. Jour. Sci., 3d ser., Vol. XLIII, p. 521, 1892.

3W. F. Hillebrand, Jour. Am. Chem. Soc., Vol. XVII, 1895; Chemical News, Vol LXXII, p. 158, 1895.

4Ber. Deutsch, chem. Gesell., Vol, XV, p. 2593, 1882.
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Dunnington! has pointed out the necessity for the presence of at
least 5 per cent of sulphuric acid in solutions which are to be thus
tested for titanium, in order, as he concludes, to prevent partial rever-
sion to metatitanic acid, which does not give a color with hydrogen
peroxide. ‘' The standard solution of titaninm sulphate holding con-
veniently about 1 centigram TiO, in 10 ¢. ¢., equivalent to 1 per cent of
TiO; in 1 gram of rock, contains, therefore, 5 per cent or more of sul-
phuric acid. Of this, 10 c. c. are mixed with a sufficiency of hydrogen
peroxide (2 c. ¢. of most commercial brands is ample) and diluted to 100
¢. ¢. in a measuring flask.

The solution to be tested, evaporated if necessary to less than 100
¢. ¢., is now to be fully oxidized, and if the color is less intense than
that of the standard, is made up to 100 c. c. with dilute sulphurie acid
in a measuring flask, and mixed, otherwise in a flask of sufficient size
to insure that its color shall be less intense. If rectangular cylinders
are used for comparison, there should be a light box, blackened inside
and provided with one ground-glass end against which the cylinders
can be sunk from an opening above, the other end being open for the
observer to look through. One cylinder being filled with the solution
to be tested, 10 c. ¢. of the diluted standard are run into the other from
a burette, and water is added from a second burette until there is no
distinction as to color. A second and a third portion of the standard
can be run in and diluted, and the mean of several determinations
struck, when a simple calculation gives the percentage of TiO, in the
rock. .

If the convenient but expensive Soleil-Duboscq colorimeter is used,
or the simple Nessler tubes, it is of course unnecessary to dilute the
rock solution to the extent above required, should it be stronger than
the standard. Experience has shown, however, that differences can
not be sharply estimated in strongly colored solutions, and that the
results are much more satisfactory when the color intensity is not much,
if any, greater than that given by a standard of the above concentra-
tion. For the percentages of titanium found in rocks, clays, and soils,
usually under 1 per cent, but rising to 2 or even 3 per cent or more
occasionally, the colorimeter method gives results which are fully equal
to thase of the best gravimetric method, besides being a great time
saver. The error introduced by iron, in consequence of the yellowish
color of its sulphate solution, is practically negligible unless its percent-
age is very high; then either the iron must be removed prior to making
the color test or, possibly better still, correction should be applied for
known amounts of ferric sulphate in solutions of the requisite dilution.

‘The exact correction to be applied in such cases is difficult of deter-
mination because of the impossibility of matching the colors of titaninm
peroxide solutions with those of ferric sulphate; but tests made go to

1Jour. Am. Cbem. Soc., Vol. XIIT, p. 210, 1891,
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show that the coloring effect of 0.1 gram of Fe,O; in 100 c. ¢. 5 per cent
sulphuric acid solution is about equal to 0.2 milligram of TiO, in 100 c. c.
when oxidized by hydrogen peroxide. This amounts to a correction of
only 0.02 per cent on 1 gram of rock containing the unusual amount of
10 per cent I'e,0;.

Gooch’s method not readily applicable to rocks containing zirconium.—
Prior to the adoption of this method, the excellent one of Dr. Gooch!

was invariably used in this laboratory. Occasional inability to secure - .

clean and complete precipitation by it was experienced, especially with
a certain series of rocks rather poor in titanium. Long research showed
the difficulty to be due to the presence of zirconium, which acts as a

marked preventive of the precipitation of titanium by boiling in an

acetic acid solution. The above rocks were found to contain up to 0.2
per cent of ZrQ,, and this amount was able to prevent precipitation of
0.3 per cent of TiO,. The titanium which came down in excess of this
amount did not settle out in flocculent condition, as happens when
zirconium is not present, and it was difficult to filter. After the removal
of the zirconium, however, no difficulty was experienced in precipitat-
ing all the titanium with the usual ease. In view of the good results
obtainable by the colorimeter method in the presence, and by the Gooch
method in the absence, of zirconium, it is incomprehensible that the old
method of precipitation by many' hours’ boiling in a nearly neutral
sulphate solution in presence of sulphurous acid should still find adher-
ents in any part of the world.

Baskerville’s method.—Baskerville? has proposed the separation of tita.

nium from iron and aluminum by boiling the neutralized solntion of the
chlorides for a few minutes in presence of sulphurous acid. The test
separations, as given by him, are sharp, and a single precipitation is
said to suffice, the titanium being found free from iron and easily filtera-
ble. If it is desired to determine TiO, gravimetrically, this method
seems admirably suited. Zirconium would probably be likewise pre-
cipitated (see p. 50), and phosphorus, perhaps, also, but this last pomt
has not been investigated.

ZIRCONIUM.

‘This element is rarely looked for by chemists, though shown by the
microscope to be one of the most constant rock constituents, usunally in

the form of zircon, in which occurrence its amount can be approxirhately

judged of and a chemical test rendered almost unnecessary; but some-
times it occurs in other minerals, and is then unrecognizable under the
microscope. It may rarely be present up to a few tenths of 1 per cent
of the rock.

For its detection and estlmatxon in such cases, or whenever a search
for it seems called for, the following procedure has been devised, which

1Proc. Am. Acad. Arts Sci., n. 8., Vol. XIL,p. 435 Bull. U. 8. Geol. Survey, No. 27, p. 16,1886 ; Chemical
- News, Vol. LII, pp. 55 and 68, 1885
3Jour. Am. Chem. Soc., Vol. X VI, p. 427,18%4.
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serves, when carried out with care, to detect with certainty the merest
trace—0.02 per cent, for instance—in 1 gram. A

The powder is thoroughly fused with sodinm carbonate, leached with
water, the residue dissolved in a little hot dilute sulphuric a¢id, and
filtered through the original filter, which is ignited, evaporated with
hydrofluoric and sulphuric acids, and its solution added to the main
one after filtration from any barium sulphate that may appear. To the
solution, avhich should be in a small flask and contain not much above
1 per cent of pure sulphuric acid, is now added hydrogen peroxide to
oxidize the titanium, and then a few drops of a soluble orthophosphate
solution. The flask is set -aside in the cold for twenty-four to forty-
eight hours. If the color bleaches after a time, more hydrogen peroxide
should be added. Under these circumstances the zirconium is thrown
out as phosphate and collects as a flocculent precipitate, which, at this
‘stage, is not always pure. No matter how small or insignificant, it is
collected on a filter, ignited, fused with sodium carbonate, leached with
water, the filter again ignited, fused with very little acid potassium
sulphate, brought into solution in hot water with a few.drops of dilute
sulphuric acid, poured into a flask of about 20 c. c. capacity, a few drops
of hydrogen peroxide and of sodium phosphate added, and the flask set
aside. Titanium isnow almost never present, and the zirconium appears
after a time as a white flocculent precipitate, which can be collected

_and weighed as phosphate. For the small amounts usually met with
it is safe to assume that it.contains 50 per cent.of ZrO, (51.8 by theory).
If the amount is rather large, it may be fused with sodium carbonate,
leached, ignited, fused with acid potassium sulphate, reprecipitated by
ammonia, and weighed as ZrO,. .Certainty as to its identity can be had
by again bringing it into solution, precipitating by ammonia, dissolving
in hydrochloric acid, evaporating to a drop or two, and testing with
turmeric paper. With the very smallest amounts no color can be ob-
tained by this turmeric-paper test, which, however, is readily available
for as little as 1 milligram ZrO,, and with the proper care for as small
.an amount as 0.3 milligram (Dr, H. N. Stokes). No element other than
“thorium is ever likely to contaminate the ZrO, thus precipitated.

This separation of zirconium from titanium in presence of hydrogen
peroxide is founded on a method by G. H. Bailey,! but in his experi-
ments the precipitation was not made by addition of a phosphate but
is said to be due solely to the hydrogen peroxide, the precipitate being
a hydrated peroxide, Zr,0; or ZrO;?> My own efforis to secure a pre-
cipitate in acid solutions of zirconium sulphate by hydrogen perox-
ide alone were unsuccessful, perhaps for lack of a sufficiently strong
peroxide. The ability to obtain the zirconium free from phosphoric
acid would certainly be a great improvement on the method described
above.

1Jour Chem. Soe., Vol. XLIX, pp. 149, 481, 1886.
2 Bailey, Chemi¢al News, Vol. LX, p. 6,1889:

Bull. 148——4
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‘Were it not for the necessity of working in a much too acid solution,
the separation of zirconium could be made in the same portion in which
the titanium is colorimetrically determined. .

Davis! separates zirconium sharply from aluminum, but not from
iron, by precipitation as an oxyiodate in a boiling neutralized solution
of chlorides, but the method is hardly applicable for rock analysis.

Baskerville’ has proposed a method for the separation of zirconium
from iron and aluminum similar to his method for the separation of
titanium from those elements (p. 48). It is based on the precipitability
of ZrO, by boiling the neutralized chloride solution for two minutes in
presence of sulphurous acid, and seems to be excellent. As titanium is
always present and is presumably quantitatively thrown down also, the
two would have to be separated by hydrogen peroxide. No tests as to
the availablity of the method for separating the small amounts met
with in rock analysis have been made.

RARE EARTHS OTHER THAN ZIRCONIA.

For the few cases in which it may be necessary to look for rare
earths other than '7irconia,, the following procedure is suggested as
likely to prove satisfactory in many cases:

The rock powder is thoroughly decomposed by several partial evapo
rations with hydrofluoric acid, the fluorides of all earth metals except
zirconium are collected on a platinum cone, washed with water acidu-.
lated by hydrofluoric acid, and the precipitate washed back into the
dish or crucible and evaporated with enough sulphuric acid to expel
all fluorine. The filter is burned and added. By careful heating the
excess of sulphuric acid is removed and the sulphates are taken up by
dilute hydrochloric acid. The rare earths, with perhaps some alumina,
are then separated by ammonia, washed, redissolved in hydrochloric
acid, and evaporated to dryness, then taken up with water and a drop
of hydrochloric acid, and only enough ammonium acetate to neutralize
the latter added, followed by oxalic acid. In this way as little as 0.03
per cent of rare earths have been found when working on not more than
2 grams of materials.

This method eliminates at once most of the aluminum, the iron, phos-
phorus, titanium, and zirconium, and has the further advantage of col-
lecting with the earthy fluorides as UF, any uranous uraniam that the
rock might have held.

An alternative method would be to fuse with sodium carbonate, leach
with water to get rid of phosphorus as far as possible, dissolve the
residue in hydrochloric acid, separate silica as usual, precipitate alu-
mina, etc., by ammonia, dissolve the precipitate aga.in in hydrochloric
acid, evaporate, and proceed as by the former method, which in most
cases would undoubtedly give better results than this one.

I Am. Chem. Jour., Vol. XI, p. 27, 1889.
3Jour. Am. Chem. Soc., Vol. X VI, p. 475, 1894; Chgmica.l News, Vol. LXX, p. 57, 1894.
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Silica is removed by hydrofluoric and sulphuric acids, excess of flu-
orine expelled, the residue brought into solution as far as possible with
hydrochloric acid and hot water, filtered, the residue ignited, fused
with sodium carbonate dissolved in hydrochloric acid, and the solution
added to the main'one, which is now precipitated by ammonia to get
rid of the magnesium salts usually present and thus insure a cleaner
subsequent fusion with sodium carbonate.’

Separation of alumina and phosphoric acid.—The precipitated Al,0;,
P,0s, Crzog, Fe,0;, and TiO, is dissolved in hot hydrochloric acid and
filtered into a large platinum crucible, the filter burned and added, the
solution evaporated to pastiness, a little water added to dissolve the
galts, and dry sodium carbonate added in portions and stirred in thor-
oughly to prevent lumpiness in the fusion to follow, which is continued
for half an hour. Addition of sodium nitrate is not necessary. The
melt is boiled out with water, and to the filtrate containing all the
chromium and phosphoric acid and most of the aluminum ammonium
nitrate is added till no further precipitation ensues. All P;O; is thus
removed, but not quite all alumina. After decanting, the precipitate
is washed with ammonium nitrate solution, dissolved in nitric acid, and
the phosphoric acid thrown out by molybdate solution.

Chromium.—The previous filtrate is acidified, boiled, rendered ammo-
niacal, and hydrogen sulphide introduced or fresh ammonium sulphide
added. The precipitate of alumina and chromic oxide is now treated
according to Baubigny,! by dissolving in hot nitric acid, evaporating to
near dryness, and heating with strong nitric acid and potassium chlo-
rate, then evaporating to dryness to get rid of the acid. On dilution
with cold water, acid sodium carbonate is added in slight excess, and
after two or three hours the precipitated alumina is filtered off. From
the filtrate the chromium is then thrown out by fresh ammonium sul-
phide, redissolved to remove alkali, reprecipitated, and weighed.

Probably the separation of aluminum from chromium by hydrogen
peroxide in-ammoniacal solution, as recommended by Jannasch and
Cloedt,” would be preferable to the above if one has specially prepared
hydrogen peroxide. The commercial brands are so impure that it is
unsafe to émploy them in most separations.

The above outline is from a paper by Dr. Chatard® detailing a pro-
cedure devised in this laboratory for ‘“the separation of titanium,
chromium, aluminum, iron, barium, and phosphoric acid in rock analy-
ses.” If necessary, titanium, iron, and barium can be determined in
the same portion, the reader being referred to the original paper for
details.

! Bull. Soc. chimique (N. S.) Vol. XLII, p. 291, 1884; Chemical Nev.vs Vol. L, p. 18, 1885.

2Zeitschr. fiir anorg. Chemie, Vol. X, p. 402, 1895, '

3Am. Chem. Jour., Vol. XIII, p. 106, 1891; Bull. U. S. Geol. Survey No. 78, p. 87; Chemical News,
Vol. LXIUI, p. 267, 1891
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Phosphorus in rocks free from chromium.—If the rock contains no
chromium the phosphorus is determined as follows: Fuse with sodinm
carbonate, dissolve in nitric acid, evaporate to dryness, take up with
nitric acid, filter, ignite filter and treat with hydrofluoric and a drop
of sulphuric acids, bring the small residue into solution by boiling with
nitric acid and add to the main portion, in which, after addition of
ammonium nitrate, precipitate by ammonium molybdate solution. The
turbidity often observed on dissolving the precipitated phosphomolyb-
date in ammonia is due to a compound of phosphorus whicli should
always be re-fused with sodium carbonate and treated as above, in order
to recover the phosphorus in it, if the addition of a small fragment of
a crystal of citric or tartaric acid fails to dissolve it.

It is sometimes possible to extract all phosphorus from a rock by
simple digestion with nitric acid; but quite as often, if not more often,
this fails, and hence the necessity for resorting to the longer method.

<«

FERROUS IRON:

‘Comparison of sealed-tube and hydrofiuoric-acid methods.—No. point in
rock analysis has been the cause of greater solicitude to the chemist,
and especially to the mineralogist and petrographer, than the determi-
nation of iron in ferrous condition. The sealed-tube method with sul-
phurie acid, for a long time the only available one, is in theory perfect,
since complete exclusion of oxygen is easily attainable. Its chief defect,
however, lies in the inability to always secure complete decomposition
of the iron-bearing minerals, and even to ascertain, oftentimes, whether
or not the decomposition has been complete. The addition of hydro-
fluorie acid to the sulphuric in the tube, in order to insure this breaking
up, is to be regarded as of very doubtful utility in most cases, since the
glass may be so strongly attacked as to add an appreciable amount of
iron to the solution, and the hydrofluoric acid may have exhausted
~ itselfin attacking the glass before the more refractory minerals succumb.
Nevertheless, if decomposition can be effected by sulphuric acid alone
the results obtained are sharp and concordant, and what is especially
remarkable, and up to the present without a satisfactory explanation, .
they are in rock analyses invariably higher than when made by any of
the modifications of the hydrofiuorie-acid method now so extensively
practiced. This difference is not very marked with. rocks containing
but 1 or 2 per cent of the ferrous iron, but it increases with rising per-
centage to such an extent that where the sealed-tube method will show
12 per cent FeO the other may indicate no more than 10 per cent. This
is a fact of which the writer has long been cognizant, but it does not
seem to be known to chemists or petrographers at large, and it is one
well deserving of critical examination. Attempts have from time to
time been made to get at a solution of the problem, but without effect.
Experiments with soluble iron salts of known composition, like ferrous
sulphate or ferrous ammonium sulphate, throw no light on the subject,
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for both methods give the same sharp and accurate results with thein.
It is only when a silicate is taken that the difference appears. In
titrating for ferrous iron the well-known rapid bleaching of the first
permanent color—the supposed crucial test of complete oxidation—in
hydrofluoric-acid solutions of silicates, even with sulphuric acid pres-
ent, has been thought to be perhaps in some way connected therewith.
This bleaching is so pronounced that several cubic centimeters of per-
manganate solution may be gradually added after the first so-called
permanent coloration, without its being possible to obtain a persistent
color; and yet in hydrofluoric-sulphuric solutions of ferrous salts free
from s111ca, the first coloration is persistent for a long time.

The question now arises, which of these methods gives the correct
result. My own opinion is in favor of the sealed-tube method with
-sulphuric acid, simply for the reason that there seems no possible
chance for obtaining too high results thereby. No suggestion ever
advanced to account for their being too high seems tenable. It has
been proved over and over again that the error is not due to iron from’
the glass or to impurities in the sulphuric acid; a reduction of sul-
phuric acid with cerresponding oxidation of ferrous iron seems impos-
sible; and yet, did it occur, the result could be in nowise affected, for
the amount of permanganate needed would be the same.

Notwithstanding this predilection in favor of the tube method, the
one in exclusive use in this laboratory is that by decomposition by
means of hydrofluoric and sulphuric acids. The results obtained by it
are at least comparable with those found by other workers, and the
impossibility of being assured of complete decomposition in a sealed
tube is sufficient to condemn that method for general use.

Coolkie’s method of decomposing by hydrofluoric and sulphuric acids.—
The specially ground powder, in a capacious crucible, is placed, after
stirring up with dilute sulphuric acid, on a small water bath of a single
opening, and covered with a glass funnel whjch rests in a depression of
the cover, into which water constantly drops from a tubulated bottle,
thus securing a perfect water joint and serving.to keep the bath full.
Through a small metal pipe carbonic acid gas flows into the bath above
the surface of the water, and rising through orifices in the cover fills
the funnel and crucible.! The lamp under the bath is lighted and
- hydrofluoric acid is poured into the crucible through a platinum fun-
nel, which is left in place to serve as an occasional stirrer, for which a
rod or wire may be substituted. After boiling commences the rapid
gas current can be safely interrupted, to be restored when the lamp is
extinguished after one-half to one or more hours. A full stream of cold
water is then caused to flow from the tubulated bottle into the ‘bath,
the overflow from the outlet tube being caught in a receiver. As soon
as cool the contents of the crucible are emptied into a platinum dish
containing cold water, and titrated till the first permanent color appears

1J, P. Cooke, Am. Jour. Sci., 2d ser., Vol. XLIV, p. 347, 1867.
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which usually will last for only a few seconds. Duplicate determina-
tions are to be advised whenever possible, since even with the utmost
care the results will occasionally differ more than is allowable.

Pratt's modification of the hydrofluoric acid method.—J. H. Pratt! has
shown that very satisfactory ferrous iron determinations can be secured
by simple boiling of the rock powder with hydrofluoric and sulphurie
. acids in a large crucible fitted with a cover and platinum tube for intro-

duction of carbon dioxide. His test experiments on ferrous sulphate
show that there need be practically no oxidation, even if the heating
lasts several hours. The directions given in his paper (p. 150), with
reference to the treatment of very refractory minerals which are not
fully decomposed by this treatment, must be understood as referring
only to homogeneous minerals and not to rocks, where the relations of
ferrous and ferric iron in the undecomposed portion are certainly differ-
ent from those in the part dissolved.
- Influence of sulphides.—The presence of pyrite or marcasite is prob-
" ably without serious effect on the ferrous-iron determination by any of
the hydrofluoric acid methods. These sulphides are very resistant
toward attack in the absence of oxygen, as is shown by the fact that if
present in any quantity they can be readily recognized in the residue
after titration.? In any case, it is impossible to allow for an error intro-
duced by their possible decomposition, and the result of titration must -
count as ferrous iron. In the case of soluble sulphides two sources of
error are introduced—that of reduction of ferric iron by hydrogen sul-
phide evolved, and that due to the ferrous iron which the sulphides
themselves may contain, especially if pyrrhotite is present. The first
of these is perhaps negligible, since most of the hydrogen sulphide
would probably be expelled without reducing iron. The second is ap-
proximately measurable if it is known that pyrrhotite is the only solu-
‘ble suiphide present and its amount has been ascertained by determin-
ing the hydrogen sulphide set free on boiling with hydrochloric acid in
a current of carbon dioxide. In this case a correction is to be applied
to the result of titration for total ferrous iron. (See also under Sul-
phur, p. 59.)

ALKALIES.

The Lawrence Smith method.—With the exception of a few determina- .
tions made in the early days of the Survey’s existence, all alkali deter-
minations have been made by the method of J. Lawrence Smith,? which
is far more convenient than, and fully as accurate as, the older one, in
which decomposition is effected by hydrofluoric and sulphuric acids.
One of its chief advantages is the entire elimination of magnesia at the
start.

1Am. Jour.'Sci., 3d series, Vol. XL VIII, p. 149, 1894.

2See footnote, p. 62.

8 Am. Jour. Sci., 2d series, Vol. L, p. 269, 1871; Am. Chemist, Vol.I,1871; Annalen Chem. und Pharm.,
Vol. CLIX, p. 82, 1871. :
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The ammonium chloride used must be purified, preferably by subli-
mation, or by neutralizing pure ammeonia by pure hydrochloric acid,
and the calcium carbonate is best obtained from pure calcite by solution
and reprecipitation. However obtained, this lastisnot entirely free from
alkalies, which must be estimated once for all in order to apply a cor-
rection. Eight grams of the carbonate will contain usually from 0.0012
to 0.0016 grams of alkaline chlorides, almost entirely the sodium salt,
but the amount has been brought down to half the above by very long
washing. This correction may be admitted at once to be a defect of
the method, but it is one easily applied with safety.

The ignition may be made in a covered crucible of ordinary shape
and of about 20 to 30 ce. capacity, but the heat has to be kept so low in
this case to avoid loss by volatilization that perfect decomposition is
not always assured. Hence, to avoid waste of time in very fine grind-
ing, the form of crucible with cap, originally advocated by Smith, is
very much to be preferred, since it permits, when set at an angle through
an opening in the side of a fire-clay cylinder, of the application of the
full heat of two burners, and perfect decomposition invariably results
without the need of extraordinary care in grinding. The crucible used

.in this laboratory for one-half gram of rock powder and 4 grams calcium
carbonate is 8 cm. long, 1.8 cm. wide at the mouth, and 1.5 at the bot-
tom. For double the amounts or more the dimensions are 8 cm., 2.5
cm.,, and 2.2 cm. The weights are 25 and 40 grams.

Perfectly satisfactory résults are to be obtained with but a half gram
of rock powder. This is weighed out, ground down somewhat finer in
a large agate mortar, mixed with its own weight of sublimed ammonium
chloride, and the two thoroughly ground together. Then nearly all of
4 grams of calcium carbonate is added and the grinding continued till
a thorough mixing has resulted. The contents of the mortar are trans-.
ferred to the long crucible, the rest of the carbonate being used for
rinsing off mortar and pestle. The crucible is then capped and placed
in a clay cylinder and heated for about ten minutes by'a low, flat flame
placed at considerable distance beneath. As soon as the odor of ammo-
nia is no longer perceptible the nearly full flame of two Bunsen burners
is applied, and continued for forty to fifty minutes. The sintered cake
detaches readily from the crucible as a rule; if not, it is softened up in
a few minutes by hot water and digested in a dish until thoroughly
‘disintegrated. It is first washed by decantation, and any lumps are
broken up by a pestle, then thrown on the filter and well washed with
hot water. The residue should dissolve completely in hydrochloric acid
without showing the least trace of unattacked mineral.

The calcium is separated at once by ammonia and ammonium carbo-
nate, and again after evaporation of the filtrate and expulsion of ammo--
nium chloride. The weighed alkaline chlorides should be dissolved in
water and filtered before addition of platinic chloride, in order to correct
for the few hundredths of a milligram of fixed residue which is inva-
riably left on the filter.
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If the rock contains sulphur this will in part be found with the alka-
line chlorides as sulphate. Therefore, if the sulphur is at all consid-
erable in amount it must be removed by bariumn chloride before the
second precipitation by ammonium carbonate; otherwise there is dan-
ger of the potassium platinie chloride carrying sodiumr sulphate. A
faint reaction for sulphate can usually be obtained, anyway, if the evap-
orations have been made on a water bath fed by gas.

Lithiwm.—After separation of the potassium platinic chloride, the
alcoholic filtrate is evaporated and tested spectroscopically for lithinm.,
This element is almost invariably present, but almost never in amount
to-warrant quantitative estimation. Should it be so, however, the very
excellent Gooch method' of separation by amyl alchohol is to be fol-
lowed, after removal of the platinum: by hydrogen gas? In rock
anmlysm there need be no fear of enough lithium remaining with the
potassium to cause any concern.

For the most accurate work it is still necessary to look for, and if
possible estimate, the few hundreths of a milligram of calcium chloride
that may be with the sodium chloride.

CARBON DIOXIDE.

For this estimation an apparatus permanently set up is used, of
which several forms have been described by different writers. The
rock powder is boiled with dilute hydrochloric acid in a small Erlenmeyer
flask, attached to an upward-inclined condenser, whence, after passing
through a compact arrangement of drying tubes—first, one of calcium
chloride, then one of anhydrous copper sulphate to retain hydrogen
sulphide from decomposable sulphides and any hydrochloric acid that

_may pass over, and finally a second calcium chloride tube—the carbon
dioxide is retained by absorption tubes filled with soda lime followed
by calcium chioride. Of course arrangement is made for a current of
CO,—free air with which to sweep out the apparatus before and after
the experiment, and for a slow current during its continnance. The
results.are very accurate and the determination can be qulckly car-
ried out.
~ In the prehmma,ry quahtatlve test for carbon dioxide, it must be
remembered that while calcite gives off its carbon dioxide on treat-
ment with cold acid, dolomite and siderite do not, and hence warming
should not be omitted; otherwise; a few tenths per cent of carbon-
dioxide can very well be overlooked. Moreover, the powder should
first be stirred up with a little hot water, to remove all entangled air
which might otherwise appear to be carbon dioxide.

1Proc. Am. Acad. Arts Sci., p. 177, 1886; Bull. U. 8. Geol. Survey No. 42, p. 73, 1887; Chemical
"News, Vol. LV, pp. 18, 29, 40, 56, 78, 1887. * '
2When hasteis not an object, this way of removing platinum from the chlorides of the alkalies is by
far the neatest and most satisfactory. The small flask containing the solution is placed in a water
bath and attaclied to a hydrogen generator. After expelling all air the flask is closed, without break-
fng connection with the generator, and left to itself, except for occasional light shaking up, till reduc:
tion is accomplished.
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CHLORINE,

To make sure of getting all the chlorine, it is best to fuse with
chlorine-free sodium-potassiumn carbonate, or even sodium carbonate
alone, first over the full burner, then for a moment or two over the
blast, leach with water, acidify with nitric acid, and precipitate by
silver nitrate. -If 1 gram of material has been used no precipitation of
silica. need be feared on acidifying or on standing. -

In many cases it is quite sufficient to attack the powder by hydro-
fluoric acid and a little nitric acid, with occasional stirring, and after
filtering through alarge platindm cone, to throw down the chlorine by
silver nitrate. The presence of nitric acid is necessary, since otherwise
ferrous fluoride reduces silver nitrate with deposition of crystallized
silver. When coagulated by heating and stirring, the precipitate is
collected on the platinum cone, washed, dissolved by a little ammonia,
and reprecipitated by nitric acid, when it can be collected in a Gooch
crucible and weighed, or, if very small in quantity, on a small paper
filter, which is then dried, wound up in a tared platinum wire, and
carefully ignited. ‘The increased weight of the wire is due to the
metallic silver of the chloride which has alloyed with it.

FLUORINE.

Fluorine can only be estimated by the method of Rose, care being
taken to use sodium-potassium carbonate as a flux, and to avoid use of
the blast if possible. The use of ammonium nitrate or chloride instead
. of carbonate for throwing out the silica and alumina.is not to be recom-
mended, because of loss of fluorine on evaporation (Rose). If the rocks
" are very basic it may happen that the amount of silica in the alkaline

solution is so small that ammonium carbonate may be dispensed with
and the ammonical zine oxide solution added at once.

By whatever modification of the method the silica may have been
separated, the alkaline carbonate must be converted into nitrate and
' not chloride if phosphorus or chromium, or both, are present. Toremove
the. chromium and the last of the phosphorus, silver nitrate in excess
is:added to the solution containing still enough alkaline carbonate to
cause a.copious precipitate of silver carbonate,in order to take up the
" acid set free, and thus insure a neatral solution and consequent com-
plete precipitation of phosphorus and chromium. After heating and
filtering, the excess of silver is to be removed by sodium or potassinm
chloride; and sodium carbonate is to be added, when the fluorine is
réady to be thrown out by calcium chloride in excess. At this stage
there must be no ammonical salts in solution, other\wse caleium fluor-
ide may be held in solution. -

The well-washed and gently ignited calcium fluoride finally obtained
in the-course of this method should be converted to sulphate as a'‘check
upon its purity, and at the same time as a qualitative test to ascertain
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if it really is calcium fluoride by the characteristic odor of its gas.
Should fluorine be found, and the weight of sulphate not correspond
to that of the fluoride, the former should be dissolved in hot nitric
acid and tested for phosphorus by ammonium molybdate solution. If
phosphate is absent the impurity may have been silica or calcium
silicate—which of these it would be difficult to decide. In the former
case the fluorine might be safely deduced from that of the sulphaite,
but not in the latter. If therock wererichin sulphur it might happen
that calcium sulphate would be thrown down with the fluoride, but this
should be removed by thorough washing. If not, and it were cer-
tainly the only impurity present, the fluorine could be calculated, after
conversion of the fluoride into sulphate, by the formula:

CaSO, — CaF, : 2 I' :: Diff. between impure CaSO, and CaF, : x

It is an exceptional case when there is exact agreement between the
weight of fluoride and sulphate, and with the small amounts usunally
met in rocks the error may be an appreciable one in percentage of
fluorine, though of no great significance otherwise:

There is no qualitative test which will reveal with certainty the pres-
ence of fluorine in rocks. Heating the powder before the blowpipe
with sodium metaphosphate on a piece of curved platinum foil inserted
into one end of a glass tube, or in'a bulb tube, is not to be relied on
in all cases. While as little as one-tenth of 1 per cent of fluorine can
sometimes be thus detected with ease, much largei amounts in‘ another
class of rocks may fail to show.

SULPHUR.

If present in the form of soluble sulphates, simple boiling with hydro-
chloric acid suffices, which should be done in an atmosphere of carbonic
acid if pyrite or other oxidizable sulphides are present. L

The sulphur of sulphides, chiefly pyritic, may sometimes be deter-
mined by extraction with aqua regia or potassium chlorate and hydro-
chloric acid, but not always; so that it is better by far to fuse with '
sulphur-free sodium carbonate and a little niter over the Bunsen burner
and for a few moments over the blast, fitting the crucible into a hole
in asbestos board to prevent access of sulphur from the flame. The
aqueous solution, after filtration, is just acidified by hydrochloric acid,
and the sulphur at once thrown down at boiling heat by barium chlo-
ride, without fear of separation of silica in a bulk of about 250 cc. when
1 gramis operated on. It is well that this is so, for evaporation on the

water bath heated by gas to remove silica would in many cases involve
an error fully equal to the sulphur present by contamination from the
sulphur of the gas burned.

Owing to the small amount of sulphur in rocks, special purification
of the barium sulphate obtained is hardly ever needful, especially as it
has been precipitated in absence of iron. Should there be fear of a
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trace of silica being present, it can be removed by a drop of hydrofluoric
and sulphuric acids before weighing the barium sulphate.

This, of course, gives the total sulphur in the rock. If soluble sul-
phates and sulphides as well as insoluble sulphates and sulphides are
present together, the sulphur of the first is found in solution after
extraction by hydrochloric acid in a carbon dioxide atmosphere, and
that of the decomposable sulphides by collecting the hydrogen sulphide
evolved. In the residue the sulphur of the insoluble sulphides can be
estimated, or from the total sulphur found in another portion its amount
can be calculated. The error involved in the above estimation of the
sulphur of soluble sulphides, due to the possible reducing effect of
hydrogen sulphide on ferric salts, is probably negligible. Most of the
hydrogen sulphide would be expelled before any such action could take
place and probably before the ferric salts were largely attacked, but of
course the small proportion of sulphur set free as such from pyrrhotite
would escape estimation and introduce further uncertainty. In gen-
eral, it would be safe enough to assume the composition Fe, S, for
pyrrhotite. However carefully all these separate determinations may
be carried out, the final figures for ferrous and ferric oxides can hardly
be regarded as more than approximations when much sulphide is
present.

BORON.

To the best of the writer's belief it has never been necessary in this
laboratory to estimate boron in a silicate rock. Should it become
necessary to do so, since most silico-borates are insoluble minerals, it
would probably be necessary to fuse with sodium carbonate, extract
with water, and apply the method of Dr. Gooeh,! depending on expell-
ing the boron as methyl borate by repeated distillations with methyl
alcohol in nitric or acetic acid solutions, and binding the boric acid by
a known weight, of lime, the gain in weight being B,0;. Fluorine would
have to be first removed by calcium nitrate or acetate before freeing
the boron.’

NITROGEN.

Nitrogen has been found in igneous rocks or the minerals occurring
in them by several observers. Thus, H. Rose® says that pitchstone
gives off ammoniacal water on heating; Silvestri* mentions a nitride
of iron in lavas from Etna; Sandberger finds ammonium carbonate to
be given off from certain rocks of Pribram; the writer has shown nitro-

Proc. Am, Acad, Arts Sci., p. 167, 1886; Bull. U. S. Geol. Survey No. 42, p. 64, 1887; Chemical News,
Vol. LV, p. 7, 1887.

iFor n useful improvement in the way of collecting the boric ether in ammonia hefore bringing in
contact with the lime, etc., ses Penfield and Sperry, Am. Jour. Sei., 3d series, Vol. XXXIV, p. 222,
1887; also Moissan, Comptes rendus, Vol. CXVI, p. 1087, 1893, and Bull. Soc. chimique, Vol. XII, p.
055, 1894, who modifies the Gooch distilling apparatus and insures complete condensation of the
boron in the distillate.

3Quantitative Analyse, p. 673. Finkener edition.

4Gazz. chim, ital., Vol. V, p. 303, 1875.
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gen to exist in uraninite; Ramsay and others have noted it in traces
with or without helium, etc., in numerous minerals; and lately Erd-
mann' has found it to be given off as ammonia on treating various
minerals of “arncient igneous rocks” with a caustic alkali. Ieudeking
also found ammonium sulphate in a barite from Missouri, the presence
of which the writer was able to confirm.

During the last two years it has been noted in this laboratory on
three separate occasions, when analyzing as many different series of
ores, roofing slates, and eruptive rocks, that ammonia, either in the
form of chloride or sulphate or even as free ammonia, was given off on
heating. Its appearance was not limited to one or a few specimens of
a series, but seemed to be characteristic of all,and to be atforded by
the unbroken rock as well as by the powdered sample. Not knowing
the precise conditions under which the specimens were collected, it is
impossible to affirm positively that the ammonia may not have been
due to recent organic contamination of some sort, especially in the case
of the slates, but it is believed that a more critical collection of mate-,
rial will not alter the general result. Its amount was sometimes readily‘
determinable by Nesslerization, being as high as 0.04 per cent in some
slates. Carbonaceous organic matter was absent from most of these,
but doubtless existed in them in their early history. In their case the
ammonia was, in part at least, evolved as such, imparting a strong
alkaline reaction to the water in the upper part of the tube. The pres-
ence of sulphides, fluorides, or chlorides in the rock might cause the
ammonia to appear as a sublimate of sulphate, fluoride, or chloride.
Speculatlon on this matter would be altogether premature, but atten-
tion is now called to it in the hope that other observers may be led to
look for and investigate similar appearances. It should be borne in
mind that the nitrogen present would not necessarily appear as ammo-
nia or ammonium- salts, since it might be given off in the elemental
condition, as with the gases obtained from uraninite. N

SPECIAL OPERATIONS.

The problem often presents itself of ascertaining the composition of
that portion of a rock powder which is soluble in special reagents or in
a reagent of a particular concentration. No precise directions can be
formulated to meet such cases. The procedure must vary with the
character of the constitnents of the rock and with the object which
it is sought to attain, and only in exceptional cases can a separation
of this kind be sharp. -Much depends on the degree of fineness of
the powder and on the length of time it is exposed to the action of
the reagent.

Detection of nepheline in presence of olivine.—For confirmation of the
microscopic diagnosis, Prof. L. V, Pirsson? has indicated a means of
.detecting nepheline in presence of olivine, as in nepheline basalts, based

1Ber. Deutsch. chem. Gesell,, Vol. XXIX, p. 1710, 1896.
2 Am. Jour, Sci,, 4th series, Vol. II, p. 142, 1896.
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on the very ready solubility of nepheline, as compared with olivine,
when boiled for but one minute with a sufficiency of very dilute nitric
acid (1:40). Gelatinization of the filtrate on evaporation is taken as
" evidence of the presence of nepheline. If olivine is present in quan-
tity, however, this test must not be accepted at once as final, for some,
if not’all, olivines are much more soluble in nitric acid of the above
strength than Professor Pirsson was led to believe from his original
tests. If, therefore, on evaporation of the filtrate, much iron is indi-
cated, the gelatinization may well be due to olivine alone or in part,
and then the quantitative relation of silica to iron plus magnesium
should be ascertained. It must also be borne in mind that any other
very soluble silicates present will be more or less affected, and that
apatite is largely or wholly dissolved. It is possible that still more
dilute nitric, or perhaps some other, acid may exert a slighter solvent
action on olivine without being appreciably less effective in dissolving
nepheline, etc. In combination with a quantitative analysis of the
extract the method ig, perhaps, susceptible of a wider application than
the particular case for which it was first used. It is well worth further
study.

Estimation. of soluble silica.—Very often in treatment by acids silica
is separated in gelatinous or granular form mixed with the unattacked
minerals, and it becomes necessary to remove or estimate this silica, or
else to discriminate between soluble and insoluble silica already exist-
ing together. Usually a boiling solution of sodium carbonate has been
employed for this purpose. Its action is frequently slow and incom.-
plete and the extraction must often be repeated many times as to silica,
and its solvent action on other minerals is often marked. The filtering -
of hot saturated solutions of the carbonate is also unpleasant. Hence
the substitution of a caustic hydroxide, as KOH or NaOH, has been
advocated, especially by Michaelis,! who maintains with force that
quartz is absolutely unattacked by boiling 10 per cent solutions (10 per
cent Na,O), or even by 25 per cent solutions when digested on the
water bath, and that different results are probably due to the mechan-
ical carrying off in the filtrate of portions of the fine powder, which is
notoriously difficult to.filter. In the case of separated silica the .
hydroxides certainly give very good results. Solution is almost imme-
digte and complete in a quite dilute liquid, and the difficulty met with
in filtering may often be overcome by faintly acidifying. If the dilu-
tion is sufficient, no separation of silica results from so doing, and less
difficulty is experienced in filtering and washing, especially if very
dilute acid is used for the latter.

ESTIMATION OF MINUTE TRACES OF CERTAIN CONSTITUENTS.

If, as sometimes may happen, the problem is presented of examining
rocks for traces of gold, silver, and other elements which are not ordi-

1 Chem. Zeitung, Vol, XIX, p. 1422, 1895,
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narily looked for, asin Sandberger’s investigations bearing on the origin
of the metalliferous contents of veins, large weights of material must
be taken, up to 50 grams or more. This involves the use, also, of large
quantities of reagents, the purity of which must then be looked to with
the utmost care. Special directions to meet such cases can not now be
given, nor even a complete reference list of the scanty and scattered
literature on this subject. Sandberger’s own writings deal but little
with its analytical side, and from its inaccessibility in the Washington
libraries the writer is as yet unacquainted with the report by Von
Foullon ¢“Ueber den Gang und die Ausfiilhrung der chemischen Unter-
suchung,”! following Sandberger’s own paper.in the general report
“Untersuchungen der Nebengesteine der Pribramer Giinge.”? The
present writer has published a few data as to gold, silver, lead, zine,
ete.,’in Mr. S. F'. Emmons’s report on “The Geology and Mining Indus-
try of Leadville;” and Mr. J. S. Curtis,* in his report on “The Silver-
Lead Deposits of Eureka, Nevada,” has given his method of, assaying
rocks for traces of gold and silver.

PRELIMINARY QUALITATIVE ANALYSIS.

A complete qualitative analysis of a rock, preceding the quantitative
examination, is in most cases a sheer waste of time. A few constitu-
ents may now and then be specially looked for, but in general time is
saved by assuming the presence of most of them and proceedmg on that
assumption in the quantitative analysis.

SUMMATION OF ANALYTICAL RESULTS.

As is well known, a complete silicate rock analysis which foots up
less than 100 per cent is generally less satisfactory than one which
shows a summation somewhat in excess of 100, This is due to several
causes. Nearly all reagents, however carefully purified, still contain,
or extract from the vessels used, traces of impurities, which are even-
tually weighed in part with the constituents of the rock. The dust
entering an analysis from first to last is very considerable, washings of
precipitates may be incomplete, and if large filters are used for small
precipitates the former may easily be insufficiently washed.

Given the purest obtainable reagents, an ample supply of platinum,
facilities for working, and a reasonably clean laboratory, there is no
excuse for failure on the part of a competent chemist to reach a sum-

1Jahrbuch der Bergakademie, Leoben u. Pribram, 1887, p. 363.

2From Sandberger’s report it appears that the rocks were treated successively with “water, acetic
acid, boiling dilute hydrochloric acid for two days, and finally hydrofluoric acid, the several extracts
and final residue of fluorides (and pyrite) being separately examined for heavy metals. The products
of distillation were alsoexamined. A'striking fact observed in all cases was the complete insolubility
of the pyrite, even after the severe treatment mentioned. This speaks strongly in favor of the cor-
rectness of ferrous iron estimations in silicates by the hydrofiuoric and sulphuric acid method when
pyrite is present unaccompanied by other sulphides. (See p. 54.)

3Mon. U. S. Geol. Survey, Vol. XII, Appendix B, pp. 592-596, 1886,

4Mon. U.S. Geol. Survey, Vol. VII, pp. 120-138, 1884.

!
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- mation within the limits 99.75 and 100.50. IFailure to attain 100 per
cent in several of a series of analyses of similar nature should be the
strongest evidence that something has been overlooked. Excess above
100.5 per cent should be good ground for repeating portions of the
analysis in order to ascertain where the error lies, for it is not proper
to assume that the excess is distributed over all determined constit-
uents. It is quite as likely, in fact more than likely, to affect a single
determination and one which may be of importance in a critical study
of the rock from the petrographic side.

QUALITY OF REAGENTS.

It is due to say that all analyses performed in the Survey laborato-
ries have been made with the purest reagents obtainable, either by
purchase in the open market or by special preparation on the part of
manufacturers or in the laboratory. The best acids made in this coun-
try are of a high grade and need no redistillation except for special
experiments. Ammonia has always been redistilled at short intervals;
and no spdium carbonate which exceeds 24 milligrams of total impurity
(see p. 36) in 20 grams (0.012 per cent) is used for the main portions, in
which silica, alumina, etc., are to be estimated. For other portions, as
phosphoric acid, fluorine, sulphur, a poorer grade is entirely allowable,
provided it is free from the-element to be determined, and from any
other which might interfere with its estimation.

Hydrofluoric acid was always freshly distilled with potassium per-
manganate until the introduction of ceresine bottles afforded an article
sufficiently pure for all but the most exacting work. Care must be
exercised even yet, however, that no particles of paraffin or ceresine
are floating on the acid, and that the latter is free from traces of chlo-
rine whenever hydrofluoric acid is to be used for bringing the chlorine
into solution (p. 57).

Potassium bisulphate has usually been prepared in the laboratory
from sulphuric acid and potassium sulphate, since it is not always to be
‘bought of satisfactory quality. Even then the normal sulphate had
first to be examined, for it has been found to contain, on different occa-
sions, notable amounts of lead, calcium, and silica.

The phosphorus salt used for precipitating magnesium has been found
to contain iron, and calcium is sometimes a constituent of ammoninm
oxalate. The latter has therefore to be purified or specially prepared,
as also oxalic acid, animonium chloride (in which latter manganese has
been observed), and occasionally other reagents. Some hydrogen per-
oxide contains fluorine, which renders it unfit for use as a chemical
reagent.

A ¢#C. P label is no guaranty whatever of the purity of a reagent;
hence no chemicals should be taken on trust because ot bearing such a
label. Every new purchase should be examined, if it is one in which
purity is a desideratum., In general all so-called ¢“C. P.” chemicals
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should at least stand the tests laid down by Krauch.! Of late the firm -
of E. Merck in Darmstadt has begun to advertise preparations of a.cer-
tain guaranteed purity, thus inaugurating a long-needed reform in this
direction. Even with them, however, the guaranty should be checked,
at least until long experience shall have shown the precaution to be

superfiuous. : ' ’

To his colleavgue,';l)r. H. N, Stokes, who kindly examined the originé,l‘
draft of this paper, the writer is indebted for several suggestions which
have been made free use of in the foregoing.

’ 1 Die Priifunyg der chemischen Reagentien, 3d ed., Berlin, Julius Springer, 1896,
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IGNEOUS AND CRYSTALLINE ROCKS.
MAINE.

A. Elxolite-syenite from Litchfield. Described by Bayley in Bull.
Geol. Soc. Amer., vol. 3, p. 231. Contains el®olite, two feldspars, and
lepidomelane, -with sodalite, cancrinite, and zircon as accessories.
Analysis by L. G. Eakins, record No. 1298,

B. Albite from A. Sp. gr. 2. 622

C. Potash-feldspar from A." Sp. gr. 2.56, Analyses B and C by
W. H. Melville, record No. 1275.

A B. c
(0 O B .1} - 68. 28 65. 14
ALOg e i 22.57 19. 62 18.19

) 0 L I DO PO
O 2.26 .28 .25

MO ..ovineieneeeaannn e - T R PO
Ca0 ... .32 .81 .33
MgO .o eenens - .18 | . .09 .16
(€Yo 4.77 .39 14,14
b o B 8.44 10. 81 1.68
2 810 SO BT ) .09 17
99.95 99.82 | 100.06

Bull. 148——5 65
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~ The minerals found in this rock were quite fully deseribed by Clarke
in Bull. 42, pp. 28-38. Analyses by F. W, Clarke.

D. Eleolite, dark gray. ' :

E. Hydronephelite.

F. Lepidomelane. Contains no fluorine.

D E. r
Bi0g. e 43.74 38.99 32 09
AlOs.uuneeeniceenenne, 34.48 33. 62 18.52
g e PR 19.49
T R 14.10
MNO e e e 1.42
Ca0. i Trace. 1/ PR

MgO covvvanann.. s Trace. |.......... 1.01
1670 JORRURP N e eeeeeeaan. 4.55 1.12 8.12
NagO. oo, 16. 62 13.07 1.55 N
2 PO SO PR .86 | 12.98 4.62

100. 25 99. 85 100.92

G. Sodalite, deep blue.

H. Cancrinite, bright orange yellow.
I. Cancrinite, pale yellow, cleavable.
J. Cancrinite, pale yellow, granular.

G. H I J.
$i0p oovveen.nn..| 8733 | 3629 | 5.8 | 37.22
ALOg.enaaaaa... 31.87 30. 12 29.45 28. 32
) O 0 I PO Trace. | Trace. | Trace.
MnO. . coe i ciiifeerannanns Trace. Trace. Trace.
(0710 SN I 4.27 5.12 4.40

[ 727 S IO IS A .07
KiOovoenovannnnn. 10 .18 09 18
NagO. oo e e 24.56 19.56 19.33 19.43
;710 SO 1.07 2.98 3.79 3.86
0] PR FPD 6.96 6.50 6.22
Clicavicaenaaoo. 6.83 ool

101.76 *| 100.36 | 100.11 99.70
0=Cl....... 1.54
100. 22
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NEW HAMPSHIRE.

A. Elwmolite-syenite from Red Hill, Moultonboro. Described by
Bayley in Bull. Geol. Soc. Amer., vol. 3, p. 231. Contains elicolite,
augite, hornblende, biotite, sodalite, albite, and orthoclase, with acces-
sory apatite, sphene, magnetite, and an occasional zircon. Iibrous
decomposition products are also present.

B. Mixed albite and orthoclase from A.

C. Nepheline (elzolite) from A. Analyses by W.F. Hillebrand,record
* No. 1321, The mixed nepheline and feldspar were treated with dilute
hydrochloric acid, and the residue was extracted with sodium carbonate
solution. C represents the soluble part, and B the insoluble.’

D. Camptonite from Campton Falls. Analysis by L. G. Eakins,
record No.1298. Described by J. P. Iddings for the Educational Series.
Contains hornblende, plagioclase, orthoclase, augite, iron ore, biotite,
apatite, pyrite, and a mineral which appears to be analcite. Also vari-
able calcite, serpentine, and chlorite. v

E. Quartz-porphyry, Pemigewasset. Analysis by Bakins, No. 1298,

L A B C. D B
[STE0 PR 59. 01 66. 85 45.31 | 38.45 65. 02
TiO; e eeen. .. -3 [ SO RO P PO
ALOy oL 18.18 | 19.50 32.67 19. 68 17.93
Fe;0 cieeennnn.| 163 } g || 401 4,69
FeO ........... 3.65 I, 11.15 17
MnO ........... 0 T RN PR, Trace. 11
[OF:7 0 S 2.40 1 2.00 9.37 1.34
SrO ..ol Trace. |veecceceoafeeceecoeafocinnicii]eaan s
BaO............ .08 N 07 (N R PO A P
MgO .oeoell o 1. 05 Trace. .16 6. 65 1.24
) L0 I 5. 34 5. 80 5.70 1.72 5.98
NagOoooeoaeen 7.03 7.44 12. 60 2.7 3.04
Li;O .. .cec.....| Trace. None, |.occceeenclimmeniaomnnaaas.
. H,0 at 100°.. ... B 1 T PR P .

H;0 above 100°. .50 .81 1.56 } 149 } -86
PyOp coeeeaenne| Trace. |oeeueiece]ieoacai]omoacnaan]oaemananans
COgevnnaannn P 2 2 DR P p. 4.82 l.....l...

99.98 100. 21 100. 00 100. 11 100. 38
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VERMONT.
* 1. ROCKS OF MOUNY ASCUTNEY.

Analyses by W. F. Hillebrand, record Nos. 1621, 1657. Samples
received from T. A. Jaggar, jr. Petrographic data furnished by
R. A. Daly. )

A. Typical granitite. Contams quartz, orthoclase, plagloolase(mmro-
perthite), biotite, magnetite, sphene, apatite, and: zircon.

B. Basic segregation in granitite. Contains biotite, hornblende,
quartz, plagioclase, mlcroperthlte, much sphene and apatlte, sume

magnetite and zircon.

C. Another sample of B.

D. Syenite. Contains hornblende, augite, orthoclase, microperthite,
plagioclase, biotite, quartz, magnetite, sphene, apatite, and zircon.

E. Basic segregation in syenite. Contains hornblende, augite,
microperthite, orthoclase, plagioclase, quart&, magnetite, zircon, and
apatite.

F. Syenite-porphyry. Contains orthoclase, quartz, hornblende, mag-
netite, apatite, and zircon.

E A. B. C. D. E. R
Si0.cemnonn. 71.90 56. 01 59,27 65.43 | 56.51 73.03
! TiOg «ocennnn .35 1.13 1.12 .50 1.20 .30
3 Zr0z ceennn... .04 .04 1 .04 .06
ALOs.........|” 14.12 } 15.19 15.76 16.11 | 16.59 13.43
i FeOs n--.. .. 1.20 2.34 2,07 115 | 135 .40
‘ FeO.ooenn ... .86 | 4.89 3.57 2.85 6.59 1.49
; MnO......... .05 .40 .37 .23 .24 .15
: (NiC0)O ..... Noue. .03 | Trace. 9 Trace? ?
Ca0.......... 1.13 4.85 3.69 1.49 4.96 .79
BaO.......... .04 Trace? .| Trace? .03 .03 Trace.
MgO .. ....... .33 4.67 3.04 .40 | 2.52 14
oo JURU 4.81 2.16 | 3.33 5.97 3.05 4.54
NagO......... 4.52 5. 66 5.63 5.00 | 5.15 4.91
H,0 at 1100 .. .18 .36 | .23 19 |0 L2 .18
H.0 above 1100 .42 .90 T4 .39 .71 .35
PiOs ooennn .. .11 .53 .42 .13 41 .06
COgveeeananns .21 Undet. .30 Trace? .33 Trace?
Foeeeean. .06 | Undet. | . :42 .08 .24 .08
Cloeeeen. .02 | Undet. .03 .05 .07 .03
FeSs ceueeenn.. Trace. .09 .07 .07 .06 .09
100. 35 99.21 | 100.10 | 100.18 | 100.26 | 100.03
| Less O ....... .03 .19 .04 .11 .04
; 100. 32 99.91 | 100.14 | 100.15 99.99
1]
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G. Syenite-porphyry. Containsorthoclase, plagioclase, microperthite,
‘hornblende, quartz, augite, magnetite, biotite, apatite, and zircon.

I. Granite-porphyry. Composition like I, but with more quartz.

I. Basic segregation in H. Contains hornblende, green and brown
augite, biotite, quartz, microperthite, magnetite, little apatite, and
ZIrCON.. . ) . ' ,

J. Diorite. Contains hornblende, angite, biotite, plagioclase, titan-
iferous magnetite, sphene, zircon, and quartz.

K. Diorite. Composition like J.

L. Another sample of K.

G. H. I. J. 3 K. L.

Si0g.acnn. -t 64.88 73.69 56. 53 52.12 57.97 64. 62
T10; ceunenn-. .69 .28 1.40 2.10 1.54 .81
ZrOg ..o cennn. .13 .14 .03 .02 .03
ALOg......... 16. 24 12. 46 . 16,47 16. 35 } 17. 28 16. 46
Fe;05 coennnn. 1.37 | L21 1.58 3.68 2.23 1.82
FeO.......... 2.70 1.7 5.40 6. 02 3.7 2.14
MnO......... .14 .15 .20 A7 .15 .12
(NiC0)O .....| None. None. Trace. Trace. Trace. None.
CaO.......... 1.92 .36 4.90 7.25 4. 33 2.39
BaO.......... .06 | None. | Trace. J04 .07¢ .03
MgO. ........ .89 17 2. 67 4. 14 2.20 |, 1.10
) (€10 U 5.61 . 4.92 3.80 2,34 4.12 5.21
Na,O......... 5.00 4.47 5.59 3.65 4.31 4.57
H,Oat1100... .19 .14 .23 .25 .18 .13
H.,Oabove 110c. .46 .24 .60 . 88 .57 .39
o ©o.13 .04 .97 .89 .64 .21
COgurennnn... None. Trace. .05 .07 L05 | .11
Ml .08 .05 .19 .03 | .04 Undet.
() .04 .02 .07 .09 Undet. .05
Fe8, ...._.... None. None. Trace. .24 .32 . %9
. 100. 53 100. 09 99.98 | . 100.33 99,75 100. 38
LessO........ .04 .02 .09 .03 .02 .01
100. 49 100. 07 99. 89 100. 30 99,73 100. 37
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M. Basic segregation in diorité. Contains hornblende, augite, biotite,
plagioclase, magnetite, apatite, zircon, and a little quartz. .
N. Diabase. Contains plagioclase, augite, and magnetite.

O. Camptonite. Contains brown hornblende, plagloclaqe, a little

augite, olivine, magnetite, and apatite.
P. Phyllite. Contains quartz, sericite, graphite?, magnetite, pyrite,
rare orthoclase, plagioclase, sphene, and rutile.
Q. Microperthite-hornfels. Contains biotite, quartz, red garnet,
corundum, magnetite, iolite, microperthite, and rarely pleonaste.
R. Cordierite hornfels. Contains quartz, biotite, pleonaste, corun-
dum, iolite, magnetite, plagioclase, red garnet, and epidote?.

M. N. 0. p. Q. R.

8i0; ... 55. 28 49.63 48.22 90.91 58.35 45. 30
TiOg .oov....|  1.64 1.68 2.79 .28 .87 1.48
Zr0, .........| Trace. Trace? .03 .02 None. None.
ALOy ....... 17.23 14.40 14.27 | - 4.18 21.30 30.51
Te, 05 ooo.... 1.54 2.85 2.46 .22 .03 .24
FeO..ooonnn.. 6.23 8.06 9.00 1.927 6.41 8. 80
MO ..ooonon. .24 17 .20 | Trace. .13 .20
(NiCo)O ..... e .04 .03 | None. .03 . .02
Cal. oen.... 5.60 9.28 | 8.45 .22 | .8 .90 -
BaO e .06 Trace? .04 Trace. .05 .03
MgO......... 2.69 7.25 6.24 31 |° 210 3.11
KeOuooooo e 2,12 .70 1,93 .58 5.63 4.84
Na:Ouenennnn. 5.42 2.47 2.90 77 1.60 1.65
H,0 at 1100 _. .20 .21 .28 .06 .31 .26
Hy0abovell00 1| 1047 1.66. .74 | ° .86 1.05
| N .73 .25 .64 .05 .18 .12
COzeunnnnnn.. 04 1.36 15 18 e e e
(oI P I SO 10 .40 17
8O3 e .. None None. None None None 04
& 07 .07 10 feeeee ... 03 04
S 28 | Trace .05 | Trace ? 04
FeSs -ooven... .07 .22 .36 .11 .58 1,07

100.15 | 100.17 99.80 | 100.06 99.71 | 99.87
Less O ....... .13 .02 .04 N

100.02 | 100.15 99,76

In these rocks the sulphur is all reckoned as pyrite,although pyrrho-
tite also is probably present. The carbonic acid represents either dolo-
mite or siderite; not calcite. Traces of lithia and strontia occur in
nearly all, Samples H, L, O, Q contain traces of copper.
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2. MISCELLANEOUS ROOKS.

~ A. Amphibolite, Guilford. Described by Emerson in Mon. XXIX,
Contains hornblende needles, with albite and rutile. Analysis by L. G.
Eakins, record No, 1326.

B. Granitoid gneiss, north of Lincoln’s.

C. The same, west slope of Little Peco.

D. Chloritic granite, East Clarendon section,

E. Hornblende-granite, East Clarendon section. :

Rocks B, G, D, E collected by O. L. Whittle, but not deseribed.
Analyses by H. N. Stokes, record No. 1396.

A B C. D X

Si0g veveeinnnn) 49.16 71.02 69. 97 67. 3 52. 60
TiOg..cevo..... 1.03 .35 .44 .80 1.11
ALOs........... 16.43 | -15.00 | 1490 | 16.20 18.45
CroOy oo onn Trace. jeee coweun.. P S SO
Te,0y oovneo.. 3.92 1.12 2.16 1.40 2.47
FeOT........... 7.19 1.81 .96 2.73 Tl
MnO........ .23 Trace. Trace. |. Trace. .23
Ca0 .......... 9.21 .31 45 2.81 .55
BaO............ .02 Trace. .09 05 .
MgO........... 8.19 .69 .37 |7 131 4.22
(00 D .41 5.79 6. 54 2.14 1.12
NaO. oo el 370 2.48 2.85 3.15 3.24
HO.ooveoneoe. .45 1.14 .66 1.84 2.53
PuOs ceemaneen. .16 .13 .12 .16 .20

100. 10 99, 84 99.51 99,92 99,83
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MASSACHUSETTS.

1. ROCKS OF THE CONNECTICUT VALLEY.

Deseribed by Emerson in Mon, XXIX.

A. Serpentine derived from sahlite, Osburn’s soapstone quarry,
Blandford. :

B. Dark-green, oily serpentine, center of large Middlefield bed.

C. Enstatite, slightly altered, from Granville. For comparison -
with D. o

D. Serpentine derived from enstatite, Granville.

Analyses A, B, C, by W. F. Hillebrand, record No. 1555. Analysis
D by Geo. Steiger, No. 1536.

A B. o} D
8i0g....... eeeas 40.77 38.62 | . 54.04 37.82
"TiOg .....ceee...j None. None. None. Trace.
ALOs coee o o... 1.16 .35 .52 .61
Cro05 v oo .28 .39 .14 .19
003 ccovean s 3.56 3.44 1.51 7.92
FeO. ooooooe.o.. 1.47 3.99 3.90 1.15
MnO ..oonmaenns .09 .10 1 S IO
NiO.......o..o.. 17 .21 23 45
CoO oo e 05
CaO ... None .40 None None
MgO..cucent et 39. 37 40. 61 34.40 37.94
€70 J .10 08
N80 e 14 10 } 08 } Trace
LigO ovvreevennnn Trace. | Trace. |.oeeeieceeleeo.....
H;0at 110° ...... 49 36 70 5
H,0 above110°...| 12.48 10.91 3.07 | - 12.50
PoOs oeeeeeenan Trace. Trace. None. Trace.
COgeecaanaanns None. | . .52 1.32 l...oo.....
100. 08 100.08 | 100.02 99. 38
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E. Rich, dark-green serpentine, from Rowe.

F. Black serpentine containing marmolite, Atwater’s quarry, Russell.

G. Blackish-green serpentine containing much chromite. From *The
Crater,” North Blandford. '

H. Gray, splintery serpentine, from Chester.

Analyses by Steiger, record No. 15636.

E. r| G H.

80 ceeieneaon|  40.42 36. 94 39. 14 33.87
TiOy oo iaanns None. Trace: None. None.
ALOg. ool ot. 1.86 .50 1. 18_ i
(o7 e DN .28 .33 .33 .8
Fe O3 covecennnns 2.75 6. 04 4.46 2.81
F60..eneeeannnn 4 1.94 3.14 4.95
MnO..coeennn Trace. | Trace. None. .04
NiO.oeeeeiiaaann. .53 .40 .47 } 33
(07010 JR . Trace. None. Trace.

[07:1 0 JS feee .66 None. None. None.
MgO oovelinennnn. 35.95 38.35 41.45 38.57
EZ?&::::::::} 16 [} Novo. |} None. |l None.
H:0 at100°. .. ... .21 .7 3¢ | .88
H,0 above 100°...| 10.51 12.07 9.48 7.00
PoOp ceeeceaannn. Trace. Trace. .02 Trace.
COg ceeeiiinnianns 1.44 | - 1.85 Noue. 10. 82
8O3 ceeiiieeeaan e Trace. - .20 None. .20
FeS; covunnnnnnnnn T, 2 DO VU IR

99,47 99.33 | 100.01 99,42
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I. Peridotite, Belchertown. Contains hornblende, pyroxene, biotite,
olivine, and maguetite. Analysis by L. G. Bakins, record No. 1326.

J. Massive, coarse, altered diabase, Leverett. Contains saussuritic
feldspar with black hornbleade. Analysis by Eakins, record No. 1325,

K. Tonalite, South Leverett. Dark green, chloritic. Contains red-
dish feldspar, dark hornblende, and a network of dark-green epidotic
quartz veins, Analysis by Eakins, record No. 1326.

L. Biotite-granite, Moore’s quarry, Florence. Very feldspathic.
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