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A SEMI-MICRO ANALYSIS OF SILICATE ROCKS FOR 

Ca. Mg. Fe . AND Al EMPLOYING E. D. T. A. 

B y 

Carroll Hal va 

Geochemistry Section of the Geochronology Laboratories 

University of Arizona 

A rapid. accurate ana'lysis of total iron. aluminum. calcium and magnesium 
in silicate rocks using EDTA as the analytical reagent has been developed using 
semi-micro techniques. This anal ysis will be a g reat aid to the geologist and 
geochemist since it is time-saving, accurate, and g i ves approximately 80% of 
the composition of the average igneous rock other than Si02. Another advantage 
of this method is the fact that a relativ ely small sample (0.2 g) is needed in 
order to make this determination. A sample can be fused, diluted to volume and 
analyzed for these elements in approximately 3 hours. If se v eral samples are 
fused at the same time, as many as eight determinations can be made in a eight 
hour day. 

INTRODUCTION 

Since the development of Ethylene-Diamine-Tetra-Acetic acid (EDTA) as an 
analytical reagent b y Schwarzenbach (1) in 1945, its applications and uses have 
spread into many fields of research. The determination of over 40 cations and 
numerous anions employing EDTA has been reported up to the present time, and 
separations based on the EDT A complex formation have become ve ry important 
in the determination of va rious other ions. EDTA has been used extensively as 
an analytical reagent in the fields of chemistry, biology, ag riculture and, to a 
certain extent, in geology. Materi als analyzed by EDTA range from milk (2) , 
through fertilizers (3), to sedimentary rocks (4) and includes many substances. 

C alcium and magnesium in igneous rocks have been determined by va rious 
investigators using EDTA (5) (6) (7). Howev er the author could find no infor
mation in the literature on the determination of iron and a l uminum in igneous 
rocks other than ores, and developed the method discussed in this paper for 
the determination of C a, Mg, Al, and Fe in igneous rocks employing EDT A as 
the analytical tool following methods or modifications of methods already in the 
literature for the determinations of these ions in other substances. The follow
ing report discusses the method developed by the author, and includes, in order, 
a section on the preparation of the sampl e for analysis, anal ysis of th.e sample 
solution, and results of the analysis of various known rocks. 

PREPARATION OF SAMPLES 

Samples of silicate rocks were c rushed and powdered and approximately 0.2 g 
of the powdered sample was weighed out into a platinum crucible using a Beckman 
chainomatic balance. 1. 5 g of sodium carbonate was added to the crucible, thor
oughly mixed with the igneous rock sample, and a small amount of sodium car
bonate was placed upon this mixture. The crucible was covered and the mixture 
was slowly heated over a meeker burner until it became red hot. The heating 
was continued until the molten 'mixture became quiet and had ceased to evolve 
carbon dioxide . Once the molten mass had become quiet, the heat was shut 
off and the mixture was swirled in the crucible so that a portion of the hot mas s 
adherred to the side of the crucible thus enabling the fused mass to dissolve 
faster, in the following step, because of the larger surface area . The fusion 
process takes 10 to 30 minutes. 

The cooled crucible was placed in dilute (2: 5) hydro chloric acid and heated 
slowly until the fused mixture dissolved. A clear solution was seldom obtaine d 
since silicic acid separated from the solution almost immediately. This did not 
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interfere with following steps and an analysis of the silicic acid which precipi
tated from the sol ution showed no appreciable coprecipitation of Ca, Mg, Fe and 
AI. After the melt had dissolved, the solution was cooled and the platium cru
cibl e was rinsed several time s . The resulting solution was added to a vo lumetric 
flask and diluted t o 200 mI. 

ANAL YSIS OF SOLUTION 

The EDT A analysis of the final solution was accomplished by carefully con
trolling the pH and b y the utilization of masking a gents to e liminate interference 
from interfering substances. Various size aliq uots of the final so lution, from 
one to ten m I. , were used in the analysis . The aliquot size was determined by 
the vari ous concentrations of the elements present. 

The solution was anal yzed for cal cium, magnesiu, iron and a luminum using 
methods simil ar to those in the literature. Those unfamiliar with EDTA, i ts 
nature and uses, and the principals invol ved in EDTA titrations, should refer 
to Wel che r (8 ) or other books on the subject . Tota l C a - Mg was determined at a P h 
of app r oximatel y 10 usi ng an ammonium hydroxi de - ammonium chloride buffer and 
Erich r ome Black T as the i ndicator. C alcium was determined at a pH of 12.5 
using potassium hydroxide as a hig h pH buffer and C a l ver II or a Murexide':Napthol 
Green B mixture as the indicator. Total iron was determined at a pH of approxi 
mately 2 . 4 using sali cyli c acid as the indi cator. Total iron p lus a luminum was 
determined by back titration of a hot 40% acetone solution of dithizone as the in
dicat or at a pH of 4.5. The following flow sheet wi ll serve as a guide to the EDT A 
determi nation of C a, Mg, Fe, and Al in silicate rocks. The determination of each 
of the elements is discussed in greater detail in the following parag raphs. 

pH scale 

12 
C a l cium 
KOH buffer 
Calver II 

or 
Mu rexide 

0.200 

dissol ve sample 
dilute to vo l ume 
store in plastic bottle 

10 4. 5 
C a - Mg Fe-AI 
pH 10 buffer Na Ac buffer 
Eri chrome Black Dithizone 

T 

2 .4 
Iron 
HCL-NaAc buffer 
Salicylic acid 

C alcium was determined us i ng an 8N solution of KOH as a high pH buffer. 
The KOH eli minated interference of magnesium by p recipitating it as the hydro 
xide, and from aluminum by converting it to the a luminate ion which does not in
terfere with the EDT A titra tion. Potassium cyanide was added to remove i nter 
ference from any heavy metal s whi ch might be present by t ying up the metal as the 
cyanide . If the rock cont a ined large amounts of iron, triethanolamine was added 
to compl ex the iron. Sodium tartrate was added to the solution before the high 
pH buffer in order to prevent coprecipitation of the cal cium with the magnesium 
hydroxide. H ydroxylamine was added to prevent oxidation of the indicator, and if 
small amounts of ferric iron are present they will be reduced to the ferrous stage 
which will be masked by the cyanide. 

The order of addition of reagent s is very ~mportant in the cal cium determina
tion. Sodium tartrate must be added before the solution is made basic to prevent 
coprecipitation of the calcium. Hydroxyamine must be added before the potassium 
cyani de so t hat small amount s of ferri c iron can be converted t o ferrous iron, and 
obvious l y it must be added before the indi cat or t o prev ent oxi dation of the indi cator. 
Potassium cyanide must be added after the sol ution is made basic in order to pre 
vent liberation of cyanide gas which i s g i ven off when cyanides are placed in acid 
sol utions. The indicator is a l ways added after a ll the masking agents have been 
added and after the pH adjustment has been made . 



Three different indicators were tried and the sharpest endpoints and most 
accurate results were obtained using Calver II (Hack Chemical Company) 
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and a Murexide-Napthol Green B mixture (9). Murexide was tried but the end
point was not ideal and much harder to detect than those of either of the other 
two indicators. Calcium forms purple complexes with these indicators and 
when EDT A ties up the calcium the indicators turn blue. 

Total calcium plus magnesium was determined at a pH of approximately 10 
using an ammonium hydroxide-ammonium chloride buffer. Interference of the 
heavy metals plus iron and aluminum was eliminated by potassium cyanide and 
triethanolamine. Triethanolamine will tie up the aluminum ion in ammonical 
solution by the formation of an aluminum-ammonium-triethanolamine complex. 
1£ ferric iron is present, it will interfere by oxidizing the indicator. However, 
this can be overcome by the addition of hydroxylamine which reduces the iron 
and prevents oxidation of the indicator. 

The order of adding reagents is not quite as important in the total calcium
magnesium determination as in the calcium determination but two things must 
be remembered. First, make sure the solution is basic before adding the 
cyanide, and secondly, do not add the indicator until all the adjustments on the 
solution have been made. 

Two indicators were tried in this determination. Erichrome Black Twas 
preferred since, in general, it appeared to be much more sensitive to small quanti
ties of magnesium than the second indicator, Erichrome Blue Black R (as Calcon). 
The endpoints with both indicators were very sharp, changing from red to blue 
as the calcium and magnesium is tied up by the EDTA. The indicators were used 
in solid form in approximately 1: 50 ratio using ammonium chloride for a filler as 
suggested by Hammon and Neuman (10). The ammonium chloride serves as a 
carrier and a source' of the ammonium ion for the buffer. The number of mls. 
of EDTA required for titration of calcium was subtracted from the number of 
mls. required for total calcium plus magnesium. This difference represented 
the number of mls. required for the magnesium tit;ration. 

Total iron was determined at a pH of 2.4-2.6 using salicylic acid as the 
indicator. Amonium persulfate was added to the solution to oxidize any ferrous 
iron to ferric iron. The pH was adjusted to approximately 2.5 using sodium 
acetate and hydrochloric acid. The endpoint was v ery sharp with the indi<ator 
changing from a deep violet to a yellow or colorless solution upon titration. 
1£ the concentrations of iron were high the solution usually, changed to a yellow 
color. Thiocyanate was also tried as an indicator and performed equally well 
at a lower pH. Reagent grade indicators were used in the solid form. 

No attempt was made to calculate ferrous and ferric iron separately although 
this is entirely possible providing none of the ferrous iron is oxidized during the 
fusion. Kolthoff and Sandell (11) have described a carefully controlled sodium 
carbonate fusion whereby ferrous iron is not oxidized to ferric iron. Ferric 
iron in the presence of ferrous iron can be titrated under C02 at a pH of 2.4-2.6 
with EDTA by using salicylic acid as the indicator. Total iron can then be deter
mined by adding ammonium per sulfate which oxidizes the ferrous iron to ferric 
iron. Total iron is then determined and ferrous iron is found by difference. 
Since this determination is carried out at a low pH most divalent cations do not 
interfere (12). The author has not tried this method but recognizes that it would 
frequently be very desireable. 

Total iron plus aluminum was dete rmined by a modification of a back titra
tion method originally proposed by Vanninen and Ringbom (13) in which a known 
volume of EDTA is added to a known volume of unknown solution and the excess 
EDT A is backctitrated with zinc sulfate using diphenyl-thio-carbonozone as the 
indicator. In their original work the EDTA-unknown solution was made 40-500/0 
alcoholic to serve as a solvent for the indicator. This process was modified by 
using acetone in place of alcohol as proposed by Banks and Bisque (14) and back 
titrating with zinc chloride rather than zinc sulfate. The indicator (Eastman 
Kodak Co.) was prepared by dissolving 0.75 g of the indicator in 200 ml of rea
gent grade alcohol rather than absolute alcohol as proposed in the original work. 
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It i s very important that the indicator be made up every few days . 

The procedure of analys i s varies from the ori gi nal work (13) hl that t o tal 
iron and aluminum is determined by oxidizing a ll t he iron to the ferric s t a te 
(if not a lready in t hat form) and then heating the sol ution of EDTA and unknown 
for three to fi ve minutes on a hot plate. Acetone, which has a l so been warmed, 
is then added until the solution is between 40 - 600/0 acetone. The pH is adjus t ed to 
between 4 . 4-4 . 6 using the hot sodium acetate and hydrochloric acid . The pH is 
kept in this range th roughout the titration . After adjusti ng the pH, the indi cator 
is added and the solution is titrated with z i nc c hlori de from a greenish- blue to a 
bright pink color . The sol u tion is heated because, i n cold solutions, aluminum 
and EDT A complex quite slowl y but, if the so lution i s hot, the complex forms 
rapidly . 

The number of mls . of zinc sol ution required for titration was recorded and 
the equivalents of EDT A used up by t he unknown soluti on was cal cula t ed . The 
amount of EDT A required for the t otal iron determination was subtracted from this 
and the number of equival ents requi red for the alumi num titration was determined . 

EDTA sol utions were made up using the d i sodium salt of ethy l ene - diamine
tetra - acetic aci d and standardi zed agai ns t a carefully prepared 0.01 M cal cium 
chl ori de solution . Approximately 1 g ram of magnesium c hloride 6 -hydrate was 
added for each 40 grams of the d i sodi um salt. T he magnesium salt was added 
to sharpen the Eri ch rome Black T endpoint in case only very small amounts of 
magnesium we re present. This was added before the sol ution was standardi zed. 
0 . 01 and 0 . 001 M soluti ons we re made up and used in the tit rations. 

RESULTS OF THE ANALYSIS 

F our samples from the Nationa l Bureau of Standards w ere selected for an
a l ysis. Three of t hem; the Chelms f ord Granite, the Graniteville Granite, a nd 
the C o lumbi a River Basalt, we re sel ected as typical i gneous s ili cat e rocks and 
the fourth, a standard do l omit e was run because it i s a r ock in whic h the cal cium 
and magnesium predominated over the iron and a l uminum. Table 1 shows the 
C aO results obtai ned b y EDT A compared wi th the Bureau o f Standards anal y sis. 
Tab l e II shows the same for MgO , and tables III and I V illustrate this for AIZ0 3 
and Fe respectively . The EDT A results are an average of several runs . The 
per cent d ifference i s cal culated ; it i s ass umed tha t the Bureau of Standards 
analysi s i s t he cor r ect anal ysis. 

From the results of the anal yses it can easily be seen that the EDT A det er 
m i nation in no case seriously disagreed with t he Bureau of Standards analysis. 
The per cent d ifference in no case exceeded 50/0 and in onl y three cases did it 
exceed 30/0. This, in itself, i s ver y remarkable considering the small sample 
used and the relative speed of the determi nation in comp ari son to standard meth
ods of de t ermina ti on. However it must be added, in a ll fairness, that the dete r
minations were very closel y wat ched and the a ttention given t o these sample s 
from the Bureau of Standards woul d probabl y be s lightl y above that which woul d 
be g iven most rocks during routine laboratory analys is. Work with standard 
solutions, made up b y dissol vi ng the salts of Ca, Mg , F e and Al i n water o r 
ac i d and then dete rmining the act ual content with the speed and technique one 
normally employs in the l aborat ory, showed that percentage of error was about 
the same as in the carefully controlled fusions of the Bureau of Standards sample s . 
Attempt s t o co rrel a t e beds of vo l cani c rock, on the basis of chemical content , 
in which onl y normal attention was g iven to the sampl e, showed tha t the actual 
va ria t ions did no t exceed that expected for normal variations of the analyzed com
ponent within volcani c flows . 

The limit of sensitivi t y for dete cting the variou s i ons varies . C a and Mg 
are very easy t o det ec t i n small amount s with a high deg ree of accuracy . Iron 
was a l so quite eas y t o de t ec t in small amounts w ith a high degree of accuracy . 
However , in th e case of the St andard Dolomite, the a liquot size had t o be in
c reased and the original sampl e s i ze a l so wa s l arger. Al uminum was much 
harder t o detect in small amount s. The l owe r limits of de t ecti on, for whi ch 
the high degree of accuracy discussed in the foregoing paragraphs may be 



expected, are about 0.1-0.2% sample weight for Calcium and Magnesium and 
about 0.4% for iron and aluminum providing one follows the scheme outlined 
in this paper and employs normal laboratory technique. However, the limits 
of detection may be lowered further by increasing the size of the sample or 
the size of the aliquot. 

Table I 
CaO 
% 
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Sample Bureau of Standard s EDTA "10 Difference 

Graniteville Granite 
Chelmsford Granite 
Columbia River Basalt 
Standard Dolomite 

Graniteville Granite 
Chelmsford Granite 
Columbia River Basalt 
Standard Dolomite 

Graniteville Granite 
Chelmsford Granite 
Columbia River Basalt 
Standard Dolomite 

Graniteville Granite 
Chelmsford Granite 
Columbia River Basalt 
Standard Dolomite 

0.65 
0.76 
9.03 

30.49 

Table II 
MgO 
% 

0.08 
0.24 
4.76 

21. 48 

Table III 

Al%03 

12 .30 
13.59 
13.04 

.067 

Table IV 
Fe 

1. 22 
0.81 
II 08 
0.058 

% 

0 .67 
0.77 
9.01 

30.52 

N.D. 
0.25 
4.81 

21. 65 

12.28 
13.66 
13.10 
N.D. 

1.16 
0.82 
1126 
0.057 

3.1 
1.3 
0.2 
0.1 

4.0 
1.1 
0.8 

0.2 
0.5 
0.5 

4.9 
1.2 
1.6 
1.7 

Modifications in methods of fusion have been studied by the author and two 
significant conclusions resulted. The first of these is the fact tha t, for most 
igneous rocks with normal iron content, the method of fusion described in this 
paper was the most practical if the determinations were sought, fusion s with 
sodium hydroxide in nickel crucibles were faster and just as accurate. In the 
cas e of rocks, which are high in iron, it was found tha t the sodium carbonate 
fusion was not completely successful because a certain amount of iron a lloy ed 
to the platinum crucible. The onl y alternative, in this case, was to dissol ve 
the sample in hyd rofluoric acid, which, of course, increased the time necessary 
for analysis. 

As a gene ral conclusion, it may be stated that the method of analysis out
lined in this paper is, for most geolog i cal and geochemical work, faster and 
as accurate as most other published methods. 
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