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INTRODUCTION 

Carbonate minerals form an important group of sedimentary and 

metamorphic rocks which include limestones, dolomites and marbles. 

Recent research in geochemistry has concentrated on ign ous 

and sedimentary rocks, meteorites, and (to a much 1 saar extent) meta 

morphic rocks whereas the carbonate metamorphic rooks have been 

largely ignored . 

In the past fe'W ye~rs a considerable numbX3r of limestone anal• 

yses have been reported although most of them, if not all , consider 

bulk rock compositions . While the carbonate component is the most im

portant part of the rock from the genetic as well as the geochemical 

aspect, it is rarely analyzed separately. 

In such circumstances it vTas felt that a study of minor and 

trace element distribution in unaltered carbonates (Paleozoic limestones) 

compared with carbonates from rocks affected by strong metamorphism and 

possibly other processes (Grenville r ocks) could provide soma informat

ion on the compositional differences in carbonate minerals of different 

environments . 

A study of the minor and trace element content of three gen

etic groups of carbonates has been attempted. The following groups of 

carbonate rooks were chosen: Paleozoic limestones, Grenville marbles, 

and Granville Lens and Vein carbonates. From thee rocks almost pure 

carbonate samples have been extracted for analysis . 

1 
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Recent developments in spectrographic instrumentation and 

analytical methods have provided a considerable impvovement in preci

sion and reproducibility for rapid analysis of rooks and minerals, 

particularly for the elements at low concentration. However , most of 

the spectographic methods have been developed primarily for silicate 

minerals analysis because they include most of the minerals in the 

earth ' s crust. Only a few of these methods ar e suitable for the anal

ysis of carbonates. 

Ther efore, an investigation of several spectrographic methods 

already described in the literature iolas carried out for minor and 

trace element analysis in various groups of carbonates . This resulted 

in thfl development of an analytical method employing a sample-copper 

oxide-graphite rnixture excited in the D. c. arc discharge using the 

airjet. 



II SHORT NOTF.S ON RELEVANT GRENVILLE GEOLOGY 

The carbonates studied i n this work (except those from Paleoz~ 

oic limestones) are from Ontario and Quebec areas in the Grenville sub.. 

province of the Canadian Shield. 

G.renv:l.lle Serle§ 

The oldest rocks in this sub-province are the Grenville series 

of highly metamor phosed sediments: marbles , amphibolites, schists, 

gneisses, quartzites, and some other related metasediments; in some 

places pyroclastic beds, volcanic flows and sills of pluton:i.os occur 

interbedded with them. It is commonly assumed that these rocks accum

ulated in the early Precambrian sea in form of limestones, marls, clays, 

gra~ckes, and sandstones while volcanic activity was present . 

The original structures and textures of all the members of 

this series are highly modified or completely destroyed, proba.bly by 

several periods of metamorphism. As a result, standard criteria for 

determination of stratigraphie succession and correlation cannot be 

a.pplied with any accuracy to most of these rocks. Conseqm:mtly, no 

definite age relations between the differ ent part s of the sub-province 

or the differ ent members of the series can be established although 

in some places banded sequences of limestones possibly representing 

original bedding-planes ere noted. 

The calcareous rocks of the Grenville series (limestones and 

marbles) are pure white to gray in colour. The presence of one to two 

http:pluton:i.os
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per cent of graphite, iron oxides, and sulphi des often causes banding. 

The W(- athered portions of the rock are commo.nly brown or blue-gray 

although sometimes remain gray or white. 

In most of the marbles one or more of the following access

ory silicate minerals may occur: phlogopite, diopside, tremolite, 

hornblende, olivine, chondroditet muscovite, talc, quartz, feldspar, 

and scapolite; lesser amounts of graphite, sphene, serpentine, iron 

oxides, and sulphides are found. Although no dolomite is found in the 

marbles, its presence can be suspected in Mg enriched carbonatesf 

1ntrusive Rocks 

The Grenville series is intruded by plutonic rocks of diff

erent ages and variable composition. The basic intrusives include 

gabbro, diabase, and amphibolite. Some of the gabbros have igneous 

textures and are relatively unmetamorphosed rocks, \ihereas other facies 

display metamorphic texture and are rather amphibolites . The diabase 

is fine grained and has a typical ophitic texture . 

Silicic intrusives are represented by granite, granodiorite, 

aplite, granitic pegmatites and gneissic granite. The last rook, how

aver, cannot always be included in the group of intrusive rocks since 

similar gneisses can be produced by metamorphism of impure sandstones. 

Migmatitic rocks of hybrid origin and gneissic appearance are abundant 

and are derived from Grenville r ocks mixed with granitic material. 

One member of the plutonic group, the origin of which is 

closely connected with that of the Skarn rocks (described b low), is 

pyroxene granite or syenite. Their textures vary from normal coar se• 
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grained to pegmatitio or gneissic. These changes in texture and compos


ition are rapid over very short distances and therefore metasomatic pro


cesses probab~ contributed to their origin 


Skarn Rocks 


Skarn is a Swedish word and wa originally defined as a con• 

tact metamorphosed rock which had experienced Fe-Mg metasomatism. 

The term 11skarn 11 is differently int rrproted <' various authors. 

In this work the meaning of the term is that used by Shaw (1956 and 

1958) for description of the group of coarse-grained rocks which are 

rich in lime-silicates and are not uniform in the texture, colour, and 

mineralogical composition. 

This meaning of term skarn corresponds to Korzhinsky's (1955) 

term 11skarnoids" which describes metamorphic and metasomatic rooks 

formed from the rocks containing lime and silica in their original com• 

position (such as marbles, calcareous tuffs, etc.), but without intro• 

duct ion of Ca and Si from other sources. Following Korzhinsky, these 

more or less deformed rooks, which occurred often in bedded series, con• 

tein a considerable amount of lime-silicate minerals end differ from 

the typical (mono - or bi-mineralic) skarns by the presence of three 

or toore contemporaneous minerals and by the absence of metasomatic 

zoning. 

Throughout the Grenville sub-province there are widespread 

skarn rooks of varying mineralogy. MOst are late in the Precambrian 

history of the r egion and are believed to be coeval. They are widely 

known because of economically interesting minerals such as uremnite, 
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uranothorite, mica, apatite, molybdenite, magnetite etc. which are 

often present. 

Shaw (1956) suggested that the petrology of this skarn series 

can be explained by the concept of metamorphic facies, since all these 

rocks are formed of different assemblages of ten major components, 

namely: plagioclase, microcline, scapolite, pyroxene, amphibole, phlog

opite, sphene, fluorite, apatite and calcite with addition of quart~ 

which is stable under almost all metamorphic and metasomatic conditions. 

On th£:~se grounds Shaw sub-divided the series into following 

members: 1) Pyroxene syenite-granite group 

2) F'luorita rocks 

3) Pogmatitic facies 

4) Pink calcite rocks 

5) Scapolite-pyroxenite rocks 

6) Pyroxenites, and transitional facies from the.se into 

marbles, gabbros, amphibolites, and granites. 

All these rocks contain carbonates {mostly calcite) in different forms. 

The pyroxene syenite-granite rocks contain well formed 

crystals of calcite together with feldspar and pyroxenes in drusy 

cavities. 

In the fluorite rooks, ¥Ihich form small veins and irregular 

bodies in various rocks, dark purple fluorite, calcite, pyroxene and 

amphibole are the most abundant miner als . Calcite grains seldom have 

crystal shape; they aro mediU1'1 to very coarse and ore mostly coloured 

salmon-pink. In some bodies of this rock fluorite-rich and calcite

rich bands can be detected in the central fluorite-calcite core, whieh 
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is surrounded by coarser aggregates of pyr oxene and amphibole grading 

into t he country rocks. 

Pi nk coloured calcite i s a l so abundant in all the rocks of 

pegmatitic facies a ssociated with various o·ther min ,rals. 

The pink calcite rocks are mostly coarse gr ained and have a 

gneissic t exture of alternating calcite-poor and calcite-rich bands . 

They occur in lenticular masses, pockets, lenses and vttlns in other 

rocks. The ruajor component is oalcita, accompanied by variable amounts 

of other minerals . The colour of the calcite is of pri mary origin and 

it is usually salmon...pink although pale brown and flesh..coloured var

ieties are presont . Calcite is gener ally interstitial to other minerals 

and when euhedral crystal s occur, t hey often contair1 inclusions of 

diopside and mica • 

The scapolito-Fyroxene rocks form lenses and bands conform

abla· with the country rocks and contain calcite as an accessory 

miner al . 

In the metamrphic pyroxenitea, which are composed rootly 

of green pyroxene, calcite occurs as an accessory mineral together with 

phlogopi.te and amphibole. 

Carbonate samples were collected for this study from the 

marbles and f r om some r ocks of the "Skarn Series 11 and consist mainly 

of Ca co3• The presence of other divalent elements indicates, how• 

ever , that other components are present in the calcite. 

http:phlogopi.te


III THE CARBON&TE MINERAL GROUP 

Qomp~sition and Isomorphism 

Carbonates ar e an important group of rock-forming minerals. 

Limestone, dolomite, and marble ar e some of the sedimentary and meta• 

morphia rooks in which carbonates ar e principal oonstituents. 

The major constituents of the simple carbonates are the 

co) gr oup and the divalent metals Ca, Y,g, Fe, Mn, Sr, Ba, Zn, Pb, and 

Cd. They form two "isostructural " gr oups, the rhombohedral calcite 

group and the orthor hombic aragonite group. Calcium carbonate is 

included in bot h groups, although metall i c elements with ionic radius 

sllllller than that of calcium belong to the calcite group and those 

with larger radius belong to the aragonite group. 

Bragg (1937) gives the following distribution of the met als 

between the two car bonate groups in accordance with their radii : 

Calcite type: Fe Zn Mn Cd Ca 

r adius (~) 0. 78 0, 83 0. 8.3 0.91 1.03 1. 06 

Aragonite type : 
0 

r adius (A) 

Ca 

1.06 

Sr 

1.27 

Pb 

1.32 

Ba 

1.43 

Description of Str uctur e 

The Calcite Group:• 

Bragg (1937) made an X-ray analysis of the calcite structure 

as early as 1914. His wor k led to a description of atomie positions 

within a uni t cell with a rhombohedral angle of 46° 7', or in the 

cleavage rhombohedron with a r hombohedral angle of 101° 55'. This 

8 
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study indicated that calcite has a distorted NaCl type structure in 

which the cubic cell is compressed along a three•fold axis and has 

Na atoms replaced by Ca atoms and Cl"' atoms by co3 groups thereby 

resulting in a r hombohedral face-centred cell. 

The t r iangular co3 group has a central C atom and ea.oh ~r 

the coplanar oxygen atoms at a distance of about 1.24 i from the 

carbon and at the corners of an equilateral triangle and each about 
0

2.3 A apart. It lies in a plane perpendicular to the threefold axis. 

The Ca atoms and the co3 groups are alter natively situated on the (111) 

plane. The C03 group lies halfway between two groups of three Ca 

atoms so that each oxygen touches two Ca atoms since all the Ca atoms 

ar e in approximate cubic close-packing. {Bragg, 1937; Gr af and uur..ar, 

1955). 

Dolomite has a unit cell analogous to that of calcite, but 

with substitution of alternate Ca by Mg along any threefold axis re• 

sulting in a lower symmetry than that of calcite. There is also a dis• 

ordered dolomite in which Ca and Mg positions are more haphazar d. 

Similar :X.:•ray study of the other members of the oalcite group 

indict:.1ted the same type of structure. 

Bragg (19.37, P.ll6) measured the parameters a and dl( for the 

true unit cell with the number of Caco3 molecules Z =2, and the 

parameters a' and o<• for the conventional (or eleavage.) type unit 

cell analogous to that of NaGl with Z = 4: 
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Space Group 
Name Rhombohedral z : 2 6 - z : 4D3d : R3c 

a o( a ' o<' 

Calcite CaC03 6. 361 R 46° 7 ' 6.4125 i 101° 55' 

Magne i te NgC03 5. 61 II 48° 10 1 5. 84 II 103° 20' 

Siderite FeC03 5. 82 If 4~ 45 ' 6.02 II 103° 05 ' 

Rhodochrosite MDC03 5. 84 " 47° 20' 6.01 u 102° 50' 

Smithsonite ZnC03 5.62 It 48° 20 1 5. 87 If 10)0 30' 

II ItDolomite CaMgC03 6.00 47° 30 1 6. 18 102° 50 I 

The Amonite Group;

Bragg (1937) placed the aragonite group in the orthorhombic 

space group Pbnm (vt6) with 4 molecules in the unit cell. While the 

Ca atoms in calcite are arranged in a cubic close-packing, in ar agonite 

they ar e 1n an approximately hexagonal close-packing arrangement. 

The co3 group is similar to that of calcite with the same 

C - 0 distance but rotated 30° (compared with calcite). Also, it lies 

between six Ca atoms but closer to the upper three with each oxygen 

touching three calcium atoms. This explanation of the aragonite struct

ure is in agreement with its greater density compared with calcite and 

with the pseudohe:xag<:mal character of t he twinning. 

The replacement of calcium by the other metals of the arag

onite group occurs to a lesser extent than in the calcite group. The 

unit cell data for minerals of the aragonite group after Bragg (1937, 

P.ll7) ar e as followsa 
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Name Orthorhombic v16 (Pbnm) z Ill 4h 

a b a 

Aragonite Caco3 4.94 ~ 7.94 ~ 5.72 ~ 

Strontionite sreo 5.1.2 II 8.40 II 6.08 11 

3 
Witherite BaCO; 6. 25 II 8.83 II 6. 54 II 

Cerrusite fJbC03 5. 14 " 8.45 II 6. 10 II 

Bonding 

The X-ray diffraction measurements of Sohiobold (1919) and 

those of ~~ckoff (1920) disclosed the presence of discrete co3 groups 

of identical size and shape in various carbonates corresponding to 

the infrared r eflection maxima of COj groups obtained by Schaefer and 

Schubert (1916) . The existence of these discrete units is also support

ed by t he application of Pauling's rule (1929) for distribution of pos

itive valency of ea ch cation equally among the surrounding anions: 

C 4/3 0 and Ca 1/3 0 in calcite and Ca 2/9 0 and C 4/3 0 in ......__..... ------ ...,__,.... 

aragonite. 

On the basis of the above observations, it can be concluded 

that the c - 0 bonds within the co3 gr oup ar e stronger than the other 

bonds present i n the car bonate stDucturas. 

However, t his s~nplified oonceptiom of carbonate bonding is 
0 

complicated by the fact t hat the C - 0 distance of 1.31 A in the carbon 

group is sw.alJ.er than the sum of i onic radii of c""H+ and o= whioh is 
0 0 

0.15 A + 1. 40 A. 

Graf and Lamar, r eferring to Zaohariasen (1931) and Evans 

(1948), explain this phenomenon by t he presence of polar i zation affect• 

ing 0- ions or by the strong covalency of the 0 - 0 bonds . In their 

http:sw.alJ.er
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opinion a high polarization of the large o= ions by the nonsymmetriaal 

coordination of other ions, including a small highly charged C 

cation, can be expected. 

An ion•s deformation is measured by its molecular refractiv

ity: the value obtained for carbonates by Fajans and Joos (1924) in

dicates a highly deformed state of o= in co3 group since it is about 

one-half of that in the f ree state. 

Pauling (1931) noted that c~rbon must be excited for the 

formation of three equivalent bonds at 1.20° in a plane, therefore the 

carbonate group resonates produci'ng three principal structures with 

each C - 0 bond JX>Soessing 1/3 double-bond character . 

o'"' 0 o-
I /j 1 

0 =c o- ... c 0 - c 
' 0  ' 0 - 0 

Graf and Lamar (1955) concluded from a literature survey 

that Ca - 0 bonds in carbonates have more ionic oharacter whereas 

C ~ 0 bonds in coj gr oup are predominantly but not completely covalent. 
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ft<n~ious ~~.rl< 

t£,thod tor th spectrochemical an&lysis or carbor. tes hav 

b en developed to a lesser ext nt than those i'or the analyst of sil

icates ap tho latter include llOat or the rook forming minerals. 

l e1ninger (1950) desoribed a method for the anAlysis of nsjor oompon• 

ents 1n l i mestona by us of the .00 oro with a graphite.. sample mixture 

and a mut 1 standard ; thod. S.pectrographio deto :d.nation or the nrl.nor 

and lmJor ®mponents in Or.Jrbonate mat rial s de..41"ibed by' Goldsmith, 

Graf, and Joonsuu (1955). lmwley and ~o!Jowld (1956) devoloped e. 

thod, mQinly for Amlysis of various silio te rooks, using strontium 

and bariur:1 carbomtes as internal ot ndF.lrds and buf'£1)rs pplying a 

modified St llwoo !r-jet to elimi te selective volatillZI.lticm nd 

cthor vari!lbl trix !'feots.. Th s :10 mathod ws used al o for the an

alysia at o rbonate rooks. "the nejor disadvantage of this method for 

the writer is that the adapted buffers do oot permit the eoolysis of 

Ba and Sr which are important minor elements in carbonates. 

Jaycox (1953) a ·eat d a DC nrc technique with a variable 

proportion of oopper oxide aa the int rnal standard and buffer for 

the analysis of ceramics and other non-metallic materials. Greenius 

end the author (Sibakin and Greenius 1955) adapt$d the principle of 

this method !or an AC arc micro-crater electrode technique used for 

the ans~ is of opon hearth and blast furnace al~gs. In the pr sent 

tuqy, after investigation of several buffers and internal. stondords, 

lJ 
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CuO used :lmulta eouslJ• a inter .~ 1 standord and buffor 1 a DC arc 

technique pr ved to be satisf actory for th analysi:J of minor and major 

constituents of carbonaten . 

~eveloJ2ment of Method 

prali.~ nary so3roh ~s made for a proper buffer and i n• 

tarnal s t andard using a sat of 4.t'·tificially pre~ ared standards, which 

were mixed in various proportions with the uffer and internal stand

ar d (when th· latter .,ras also used) . The arc current, screen filter , 

and air- j t-"t pressure ;,rero c.djusted to achieve a -wide anal ytical range 

and a suitnbly h:Lgh sensitivity. 

It is a w dely accepted opinion (e. g. Ahrens , 1954) that a 

t,;e11 chose . buffer and ir.ternal standard provide satisfactory grounds 

for disreiiElr ding the "totfll energy« me t hod for quantita t ive deter

minations. Nevertheless, it \1as felt that the tendency of lll!lny met 

allic oxides to for•rn ha r d- melting carbideo during arcing affects consider• 

ably the amount of the element oxc ted (B.usanov, 1948) and therefore it 

would be advisabl to burn t he sample to oompletion while using both 

an internal standard and a spectrographic buffer. 

In the e rliest stag<' of the investigation a mixture of the 

sample rli t h graphite containing 0.2% PdC12 was tried. The results were 

unsuccessful; t he arc burn wa~ not smooth and t he line to background 

r ation was low. 

The adaption of the K2 so4 and Srco3 methods descr ibed by Hawley 

and Ha cDonald (1956) and the parallel study of LiC03 and KCl as poss· 

ib]~ t~fars with In and Pd as inter nal standards were the next steps 

of the investigation. The spectra showed that KCl and LiC03 decrease 
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sensitivity considerably IOOking these buffers unacceptable. Although 

sreo3 did not affect the spectrum so much, its successful application 

required a thin-walled electrode crater. This involved an inconvenient 

change in the standardized practice of electrode cutting. Considerabl 

spitting during araing without the air-jet and also the impossibility 

of analyzing Sr were the other factors which led to abandonment of this 

buffer. K2S04 proved useful for the analysis of trace elements but the 

excessive intensity of most useful major element lines made it unsatis

factory for a complete analysis. 

Description of the use of Caco3 in the literature as a success

ful buffer (Ahrens, 1954 P.l56 and PP . 115-116) as well as the above 

described e:xperiments showed that f or t he analysis of carbonates 

neither a strong buffer nor a high concentration of moderately acting 

buffer are necessary. Being composed l'llOstly of Caco3, carbonates ar e 

strongly self-buffering compounds. They are rather poor conductors, 

however, and require admixture of a conducting material. For this 

purpose CuO was successfully adapted. Copper has an ionization pot~ 

ential of 7. 68 volts, thus the sensitivity was not depressed and being 

an excellent conductor CuO improved the arc burn and provided a con• 

siderable number of internal standard lines of different intensities. 

The addition of CuO in excess, as used in the original Jaycox method, 

proved unacceptable. Several runs of the standards mixed with graphite 

and CuO in various proportions led to the acceptance of the ratio; 

sample: CuO: graphite * 4:1:5. 

The semi-quantitative analysis of several representative 

samples had shown presence of two groups of elements with different 
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rang s ot oonoontrat1one., One group had cone ntrut! ns from .Olt to 

tO:!'$ than l.O%J the other ~!}roup had conoantmtiono belov .,01%. Aco• 

o~~l11 tvo diti'eront excitation conditions tor ~ch SBmple \JQre 

chosen, 011 1 wttb oodernte and the other w....tlt high $(Uleit1vity ot tlf 

amzytionl lines. 

Exo1tat1on condit1one were finally established tits rollowa: 

t;on.QtS!sml (tor abu.ndant ele'W:luta} 

pr!mry olit OPf'n1n.g :30 microna:s eJ:pOsure 75 seoondlllJ 

2 acreeu i'iltel"si rotetlng step-soctor, at.epa 4 ... 7J 
0 

'WOve length range 2200 ... 4900 A; povEll' GOW!'ce 240V 

(open circuit) , 8. 0 A; air•Jet t ps1, 

Condition !l 	(for trace ole~ nts) 

primary s.l1t opening :;o miorones exposure 85 uenondsJ 

l scrnn rUtor; roteting etep•sector, steps 3 ... 6; 
0 

vo leDSth ~-- 4900 A; po~ eouroe 240V (open 

cirou:f.t) , 10 A, 

Further t~etails of instruments and te<abn!que follo-\H 

~.P«m~mmw .. Jarrell-Ash 21 toot Wadsworth GJ'Sting !JJ trwnont, 

f'it·et order disporsion 5 Rpm- mm. 

~~!!!~ Q:i!Jiqm ... 2' em. focal l ~th eyl!ndri<ml lent~ 

(horizontal nxts) at thtl slit; 6.7 em~ fo~llength 

oyl.1ndr1C«~l. lone (v&rtiCf:ll axis) 16. 1 011. from the 

alit; diaphragm vitb 5 nan. aperture 'Zl. 5 em. from 

the slit; 10 em. focal length apher1oal lens 58. 1 em. 

from the slit; arc loent 72. ; em, trom the slit. 

Pr,;\m@a. !+.!! ... 4. 5 mm. length, JJJ mtot"'ntl vidth. 
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Intensity gontrol - st p s ctor .. step ratio I.o 

r~r2 • 0. 2; 1 or 2 $Ore n filters. 

nually adjusted during excitation 

or the sample. 

fgwpt Sourc ... 	 ARL 00 arc unit; current eontinuou ly odjustod during 

excitation tirtJ: 

IJ2Jf!t1~ • lower eleotrode anode 

~log$rodes ... 	 Sampl ; 1/8" graphite rod (National Carbon Co., 

"Spooial Grade") crater 6 mm. deep, l . 5 dial ter; 

oo nter electrode, l/ " rod. 

dif1ed St llwood c:tr- .1 'tJ i' poi preaeur~ 

bllOLWfe ft@tluf!n!J! ... At J.oaet one standard waa e.xposed 

on eaoh set of plates to chao working ourv ; samples 

w-re naqzed in tr1pl1cat , one on ch of tl:'..roe pairs 

of plates. 

i!hgtographio ptoec;dng "" Eastnan Ko ak emulsion typ SA- l plate for 
0

tbo range 2200 • 3500 A; and Type lii-F plate for the 

range 3560 .. 4900 i; development 3 minutes in Kodak 

D• l9 developer t 3,20C; stop bath 10 sec ~ ; 10 minutes 

fixJ 20 minutes mini.ll'l'WQ sh. 

J?MG~9mf3tD: .. A.RL instrument; aalvanomoter r . dings batv en 1.0 and 

95.0 uore used; background correction eppli in the 

case where l sora n filter had bean usedJ ole r plate 

r ding (100) bofo~ ch mearrurement. 

,,:... 
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f4tmllsion Colibn.~t!on 

f-'rovious work in the lcboretory had :L.'"ld1oated toot, at lea t 

for ~..qt;.1pma .• t ovniloble ot Hetbstf}r University, an emulsion caU.bra• 

tion baaed on tho spootra of at r.ddrdo and samples with the usa of 

analytical ::.nd interr.al standard linee waa suy:-orior to n calibration 

based en tho iron spectrum exposed on tha sane plate. In this vork 

a short investigation of the 3ame problon w e oarriod out. 

An iron oro waa exposed on tho platfl~ tonother ,.zith the 

standards. Line tr~ srnission readings were obta1nod in the s me wave 

leneth areas for both t1a iron and standard pectra, uoing cu..J.ines 

and amlytioal lines for tha l~tter. Tho t\.ro step method w s applied 

to plot calibration curves for bot h spectr a . :Four separate ourvos 

were drawn for th$ excitation condition IJ fo~ tho wave- 1 ngth rogions 
0 0 0 	 0 

2.400 - 2600 A, 2600 - 2900 A, 	 2900 • 3150 A, and 4200 - 1/JOO A~ For 

tho 	exoitation condition II, two !lVorage ~..lrvo w&ra dr wn; f(n: the 
0 0 

vnvelength r gion 2500 ... 3.400 A and 4200 .. 4600 A. A oa1cul tion of 

log . line 1ntenoity (log I) on both sets of curves showed that the re.. 

:mlts obtained fro~ curves based on the spectra of the atar.dar • ar 

mor e r eproducible tluU'l. tbos(i obtained fro~ the iron spectrum curves on 

the same plata. ?urther ohaok of e ta lished calibration curves was 

made with the seven stap method for each set of plates . 

f.r2naration Qf Stangar a 

':he artificiol ....tandsrds -were pt part1d in a matr ix of "ipecpurett 

calcium carbonate with the add d metal oxides . (Johnson, Matthey and 

Co. Ltd. ). Two original matrices were pr p red, one with O.l% content 

of all the elements to be :rought and anoth r -with l . O%. All the con• 

http:interr.al
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stituents were ndxod in an agate roortar t·.rith methyl loohol to produce 

a flUid paste, then drititd under a light bulb and ground again. These 

wore dlluted vf.th calcium oarl·onato to produce a se:r1os of standards 

containing 1,.0, o.6 .. o. ~. o.l, 0,06, o.oJ, o.ol, 0,006, 0.,.003, o.ool, 

0 ..00061 0 .0003, 0 .. 0001~ ot eeoh elor.wnt. 

Tbe standard m.bture ot .graphite and ooppel" oxide in the 

ratio 5:1 respoot1valy 'IIIlO mde 1n s e!milllr way. 

ltriJ.Dioal .lt!n! PgH;m and Wor!s.\ni..&Ytvot 

Table I shows the analytical line pairs used and the ranges 

of concentration covered by the mettiod.. the wide :range of the element 

concentration required tw different exoittirtion oonditions (deuo:r1bed 

above) and two corresponding sets or a.nGlyt!®l lille pairs . 

The i nt ernal standard lines werf! ohosan 1n the various oali• 

brated regions or the p.lat.e in order that intensit itlUI be suit sble 

for nearby analytical 11noe. ,t'.J.though the lines Cu2,406. 6 , Cu2766.4, 

and Cu2768.9 wre interfered hy very weak iron linea. thoro was no 

challge in their intensity ro~ulting fr'Orn the variation of !ron oontent 

or the standards and samples. The line CU4275,l. was clearly rasolved 

from Cr4Z14 .8 and the low Cr cor..tent :tn •tex·ial anal..y21ed did not atfeot 

its intensity. Th4t line Cu)lOS.6 coincides with a low intensity- Ca 

line, ho\.JCV.er, thfl more or .less constant amount o:t Ca pres0nt did not 

noticeably affect the Cu intensity. Tbe reet of the Cu lines vera free 

trom sny 1nter£erenco. 

'l'be h1gh•1ntens1ty ground level Mg lines were mt suitable 

for the determination ot high ~ oonoentrations. The line ~.W,m9 -wns 

used instead. 

http:ho\.JCV.er
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&rriso ts (1939) ·:nvE,len;;th Tablec were used :'or reference 

in tlrle: work . 

The l...'orking curves for all orc.a1ytica1 p:: r s listed ln Table 

l \.J re plotted in terms of log intensity r atio of anal ytical to in• 

terml st;:wd rd line {log JR) versus element concentration in ppm. on 

s emi-log paper. The averag- s of six repl1oat€,s of each high concan... 

tration standard and ten to thirteen r eplicat es of each low concen

tration standard wer e used for plottin~ . All the working curves, 

except for Cr, w rc dr avm through t he averages without s tatistical 

correlation, The iiOrking curve for Cr was correlated by a least

squaras met hod . 

The working c · ve f or Ba showed slight curvature, but the 

others were straight except for the ends \Thich were curved as a result 

of either self-absorption or baokt;;round effect . These curved ends 

wer e considerod unre iuble and were not. used . Unfortur,ately, a gap 

occurrod bet 1.retm t ho hig and low concentration cur·ves for Hg ns a 

r·esulf of discardin,; t he curved partions. (.11 the wor king curves 

are shown in the Appendix I (Fig . 1 to 13). 

In recent work reported by Shaw (1958), th<'l anu J.ysis of V 

in calcium-rich ::Jamples such as limestones \-Jhi oh were .made using ·the 

l ine V 3185. 4 have been considered doubtful. 1\ccordlngly, in the 

present work t he det ermination of vanadium was carried out with the 

line V 3185 . 4 with a background c recti on measured at Ca3186.4 and 

&n additional check made with lines V 3102. 3 a nd V 3110 . 7. All the 

samples produce t he intensity of V 3185. 4 lower than that of Ca.3186. 4 

and showed the absence of V 3102. 3 and V 3110.7. Consequently , the 
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7A!3LE I 

!~lyticnl tina P~i~s and Gonoentration R!~ 

Element 

... ' 
__ ...,. 

nelytical Line/Inter nal 
SU.ndard IJ.ne 

Concentration 
Range 

1n PUIDe • , 

r~citetion 
Condition 

H.otating 
Sector Step 

Ugeg_ 

Ag 

B 

B 

Cr 

Ni 

Pb 

'l'i 

Al 

Fe 

Mg 

Mn 

Si 

Sr 

Ag32S0. 7/Cu3l08. 6 

a ~497. 7/Cu2768. 9 

8a4554. 0/Cu424S.9 

Cr4254. )/Cu424S.9 

Ni3050. 8/Cu2768. 9 

Pb28JJ. O/Cu2768. 9 

T13372.8/0uJ108. 6 

AlJOS2. 1/Cu)010. 8 

AlJ082. l/Cu3l08. 6 

Fe~719. 0/Cu2766. 4 

Fe2719.0/CuZ768. 9 

V~2779 .8/Cu2882.9 

Mg2602.7/Cu3l08. 6 

1n2949. 2/ou3010 ~ 8 

Mn2949. 2/Cu2768. 9 

Si2516. l/Cu2492.1 

Si2528. 5/Cu2406. 6 

Sr4607.)/CU4275. 1 

Sr4607. 3/Cu4448.9 

1- 30 

6.-:}.00 

6-100 

3•100 

6..Joo 

3• 300 

6· .300 

J00- 6000 

30600 

.3006000 

jQ..JOO 

J00-10000 

10 100 

600 .3000 

10-600 

300-10000 

100•600 

3006000 

30- )00 

r 

II 

I 

n 
II 

II 

!I 

I 

II 

I 

11 

I 

I I 

I 

n 
I 

I 

r 
II 

6 

' 
4 

4 

3 

3 

5 

? 

6 

6 

4 

6 

4 

7 

4 

7 

4 

5 

4 
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vanadium concentrat ion uas cond -creel to be not detoctable and the 

workine curve was not eomplet~d. 

Precision 

In order to tElst the reproducibility of the method , one 

sample (A- 5a) containing a moderate concentration of the elements 

DOU ht was analyzed ten times . The first t hroe exposures t.;ere Inade 

on three different sets of plates in t re rout i ne way of analysis . 

The l ost seven exposures ware made on one pair of plates. In each 

c.!l se three different st andards were exposed on each plate to check 

the working curves. The coefficient of variation ( ) ~s ca l culated 

fr·om the followlng equa tion : 

c 

where : 

K • average concentrat i on i n ppm. 

d - differ e r:ce of a given deter minat ion from t he mean 

n - number of det ermine tions 

Table II shows t he result s of analysis wit h t he aver ages 

and coefficient s of varie t ions calcula t ed. 
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Ti 1'n !?A !:!1 u L. ~ Si 2t
Analytical - - 
Line 2497.7 4554 .0 283.3. 0 .3.372.8 .3082. 1 2719. 0 2779. 8 2949. 2 2516.1 4607. 3 

Ir1terr. 1 
St andard 
Line .. Cu 2768. 9 4248.9 2768. 9 .3108. 6 JOlO. B 2766. 4 2882.9 .3010.8 2492.1 4275.1 

Roplicate l 11 11 20 10 1.40 3200 1200 910 3200 660 

2. 11 10 20 10 490 )800 1300 770 2900 780 

3 1.3 10 19 11 420 .3700 1.300 780 3.300 760 

4 11 12 16 11 370 3300 1300 840 3600 600 

5 13 12 16 10 480 3000 1500 870 3700 620 

6 13 11 16 10 450 3400 1400 7YJ 3500 720 

7 12 12 16 10 480 3400 1400 680 :noo 700 

a 1) 12 16 11 460 .3200 1200 790 3600 780 

9 12 11 16 9 480 3000 1400 840 .3900 550 

10 11 11 17 1.0 400 .3200 1400 780 .3500 640 

Average 
Concentration 12 11. 2 17. 2 10. 2 447 3320 1340 798 .3450 695 

Coefficient 
of Variation 
in ~ 1:7. 5 ~4 .8 "tl1. 4 :t6. 5 ".t$ . 9 ;!;6. 9 t.? . 2 ;ta. ; 1:8 . 2 1:.11. 6 

&cauracy; 

The ooeurooy of th~ method wes checked ~ analysis of the 

Notional Bureau of Standards argillaceous lime tone stan rd No. lB . 

This is the or~y available standard which oorr sponds more or less 
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clost'tly to the composition of the samples. Ho'Waver, it does not pro.. 

vidn analytical d te for :u t,he olt~m0nts sought and the ·concentrations 

of S1• 1, Fe, and ·fg in it are much nx>re above the analytical range 

of th.a e.stabli had method . Thus, thosa ~1 .nto w re determined as well 

a Sr in a mixture of st n ard No . la ilut 1:9 by Caoo3 po'Wder, 

which was lster- mix d with graphite and CuO in accordance -with the est

ablished procedure. For th analysis of Ti a ~ ~ on undiluted portion 

of the standard -wa used. 

Table III shows the results obtained n the present inve t

1· tion ~ompared with the values r ported by NBS. The last values vere 

recalculated from tl e oxides to tho element form. 

Si Sr 

V lues reoommanded by ms 2. 2.0 1.14 1. 32 0. 029 0. 096 6. 58 0. 20 

Results by present ~thod 2. 30 1 . 06 1 . 29 0.039 0.140 6.20 0. 24 

The values for Al, e , Mg, and Si obtained with the present 

method are in sa t isfactory egr e.mant with those certified by l' tional 

Bureau of Standar ds . The agreement is not very good for Sr nd Mn and 

it is worse for 'l'i. 

A certain disagre~ment should be expected when a compar ison 

o£ analyses of a sample is made, parti.cttlarly when differftnt laborat

orios par ticipate and enti~ly different methods of analysis are used. 

Fairbairn ot al (1951) in a report on the int rlaboratory 
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inv at ation of the precision of rock anolyno indicates a maximum 

disegraament for 'li02 and ~0 amng .:34 reeults of the same rock samples 

mad by different analysts in diff rent laboratories as shovn in Table 

IV. 

TABLE IV 

E~traction fro¥l.!ab1e -~ 

After Fairbairn, 12~1 

Sample 	 1'102, % dnO, 
}11n, Max1 l-tin, 'MiX.s. 

G-l 0.16 0.50 0.01 0,06 

W-1 0.10 1.41 0.10 0.5.3 

Further in the same report h noted that an inoroo e in the 

analytical error of a chemical analysis with a decrease in concentra

tion o£ th lament sought is very prevalent. Hawver, the error of 

Spt.lctrogrnphio analysis is very much les variable in thia respect 

owing to the logarithmic concentration scale. 

n additional evaluation of occu:raey, although mll!d on an 

approximate basis, is illustrated in Table V which hows analyses of 

two f.ltl1rs of samples made by W. O. Taylor, Ontario Provincial Assay 

Office, and by the author. F.ach pair is from the sana locality, but 

were collected by different persons. Thus, a considerable sampling 

rror can bo xpocted. 
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Resp£ta 2f SRectoM~aEhte Ana~se~ o~ tb@ Sa~ 

from the Same Localit~ 

S!!!!U;tl! ~na!zst 

-B Ja£t!!I:hll .u E! M& l:1n Si §t-Average of 
ON30 (A,B,C) 27 48 NO tr 33 45 162 5700 2000 3000 770 1700 w.w.Iapkowsky 

54-S-209 .30 70 liD l 9 40 .... 10000 .. 7000 - 2000 w. o. raylor 

6 15 ND tr 60 1) 230 .3200 1700 1200 1700 1000 w. w. I.apkowsky 

NDND11306"" 7000 .. 1000 .. 1000 W. O.Taylor 

.ND ND ND 1 30 10 .. 2000 • 1000 • 600 W.O~Taylor 

The samplefl are 54-S- 209 and ml3Q {A, a, C) collected from 

a ealcita•fluorito•apatite vein at the Fission Mine, Cardiff township, 

Ontario and 54•S•l.55a (p1Jlk calcite), 54--·S•l55b (white calcite) and 

A• J sample«:f in the Iii.cDotJald Ql.l.8rry, f.bntengal to\<.'nShip, Ontario, 

Mr. ·raylor t s ar~lyses were mde for D.J. Setterly and are re• 

ported here by court.esy of the Ontario Departm0nt of Mines. 

Taylor analyzed thetH:I aamplEHl samiquantitativaly by a visual 

comparison with artificially prepared standards. The material vas 

analyzed ae a rook sample; i.e . no separation of carbonates from other 

minerals possible present was reported. 

Thus, the relatively lover values of Fe and f1n obtained by 

the author may result from the magnetic separation wh1eh was used for 

the carbonate purification in the pr sent work. A slight disagreement 
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in the v lues for B and Ba is explained by the limits of detoctibility 

noted by Taylo1 as being 2 ppm for l3 and 50 ppm £or • 

Tb v lues of Cr, Ni, Ti, and Sr can b ace pt d s being in 

"'atiaf'aotory agreement considering pos ible aviations in the visual 

comparison of' the l.ine intensity. 

The diaa reernent in the Pb result ap1;:. ra to be caused by 

a systematic error in one of the spectrographic methods. However, the 

differene a in the precision of quantitative and semiquantitative 

determination , th purification of the samples, and the poe ible eampl• 

ing er ror should be taken into account , 

In spit of all the above inconveniences in the comparison 

of both spectogrephio results, they ar in better agreement than the 

oh&Jll.ical (NBS} e.nd speetographic analyses of the NBS standard. 

The absence of other well-an lyzed 1!!8mples of carbonates or 

calaitea forced. the acceptance of these inoolllpletEt checks of accuracy. 

It may be conclud. d that the present mE~thod appears to ,ive 

at5.sfaotory precision and t hat the accuracy shows no obvious c use 

for oonoarn, 



III ANALYZ 'D SA!"1PLt:S AND R ~ULTS Of AFALYSlS 

2ample:J f\r:val:ze~ 

The Carbon te Samples used in this study \olere obtained from 

various sources and prepared for anelysie in two alir;htly different 

ways. They ere divided in three groups in sooordance with the typeo 

and agea of rooks containing the our onatee. 

The Palaeozoic limestones (Oroup I) of precipitated and 

~kalotal type hed been collected by F. W. Beal s 1n south•weatern Alberta 

and southern Ontario. The purification o:f thin group wa llltda by • • 

F.w, Beales by handpicking the purest lil:'lestone grains. Neither nag

netic nor heavy liquid sepor tion ~~thods wer used 1n their purifioa• 

tion. 'l'hre of the analyzed samplesJ a recent Miami Oolite (fro F.w. 

Beales), a vug calcite from ~ilurien limestone (.from R. V. Best}, and a 

spirifer ft-om Devonian eedimont (from D. H. She-w) are listed with Pal

aeozoic limestones but their analyses are not included in th limestone 

average ond are presented merely for comparison. 

The samples of the following two groups (!I and I:tr) are ear.. 

bonates from metamorphic Precambrian rocks of Grenville sub-province •• 

Th carbonates f rom Praconi rian marbles (Group II) were ob• 

tained !'ro,.. various looolitios in Ontario and Quebec, and were extract• 

ed from highly metamorphosed limestones of different mineralogical 

composition. 

The Grenville Lens and Vein carbonates were erlr eted from 

the rooks of "Skarn series" (Group !II) and wer collected in the 

28 
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Bancroft area of Ontario and Pontiac County by D. • Shaw and R.s. 

Artnstrong. The name Grenville Lens and Vein carbonates does not bear 

a structural meaning. It is used for distinguishing the carbonates 

from tne ''Skarn series" and those of marble .. 

Cerbonates from the last two groups were 2eparated from the 

other minerals by the .ethods described below. 

Detailed pbtrograpbic and minaralogieol description of the 

rocks from which the analyzed sampl s were obtained h boen made by 

D.M. Shnw (unpublishod) for the Precambrian, and by I'". \1!. Beales (1956) 

for the Palaeozoic rocks. 

The list of the sa~ple localities 1 Appendix II provides 

information on their aga and composition. 

Sample Prepara~ion 

H..nd sr.ecimens of rock were crushed to 1/8n fl:'agments or 

smaller then the pure carbonate grains ~ere hand-picked. These were 

then crushed in a steel mortar and sieved. The 100-150 mesh fraction 

was saved and finer material discarded. The separation of calcite from 

other minerals present was carried out with the Franz Iaodynamic Sep

arator . Adjustments of the current and tilt of the separator Yare var

iable, depending on the impurities in each sample. 

The concentrate was then separated in Tetrebromoethane. 

Samples of almost pure calcite vere eJmruined under the binocular micro

scope and finally purified with a glass rod , using the electrostatic 

attraction. A count of arains in the final s mpl s showed up to o.Ol% 

of impurities except sample CA•84 in ~hich 2· 3% of graphite woe imposs

ible to separate. The pure calcite sample was then ground in an agate 
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mortar to a fine powder. 

RMlltts of (UlaJ.ysifl 

The analysis results expressed in parts per million (ppm.) 
~I ~\l\ 

are shown in Tables VI, '2! and ~according to the types of parent 

rocks. They are given with two significant figures both for low and 

high concentrations since the 'Working curves are logarithmic. 

The symbol ND means that the analytical line was not dis• 

tinguishable from the background, whereas tr. indicates that the line 

to background ratio was very close to 1. 0 and no numerical estimate 

could be made. 

As previously mentioned, no V was detected in any sample. 

Ag ewes present in nearly every sample in an amount below the limit of 

measurement. Both of these elements, therefore., are omitted from 

further diseusaion. 

Carbonates from Palaeo.zoio Limestones 

Thirteen carbonate samples from prao1pitatod and skeletal 

Palaeozoic limaatonea were analyzed. Tho analysis results arranged 

according to ago are shown in Table vr. 
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Ann lysis Results for Carbon~ag fro!\, Palaeozoic Limestones_ (Q:row_ I)_ 


Sample Concentration in ppm. Limestone 

B Bs Cr Ni Pb Ti Al Fe Mg Mn Si sr Type 

t~ - Ordovician, Black River Group,. Southern Ontario 

H-30 6 e <3~ tr tr 35 580 1900 3200 3.1.0 3300 320 Precipitated,- Baha~te 

H•.33 16 10 <3x ND ND 82 1100 900 4600 620 4600 .310 u n 

U-6· 2 10 3 tr ND ~ID 29 500 800 2800 210 3600 400 3kell;ltal; Crinoid/Drsch. 

-6·9 ND 3 tiD ND ND 27 660 1900 4300 .260 3400 370 ? 

u-&-16-6 16 6 < 3lf ND ND 76 1600 ?SO 4700 130 4700 440 Skeletal; Crinoidal 

Girvanolla 12 3 .(3" tr tr 41 900 lSOO 4700 180 8100 490 Skeletal; Girvanella 

.8 - Devonian, Palliser Formation, South-western Alberta 

P-1735 9 Q tr ND liD 65 1000 570 >20000 ,.,. 32 2000 170 Precipitated; Babamite 

w-690 Jm 2 ND nn tm 32 640 550 ,.20()0Q;t>f 30 3100 320 It n 

P-1550 9 4 ~ 3~ tr ND 51 810 610 4200 41 2000 270 Skeletal; Crinoidol 

\ ...> 
j-1 



TABLE VI (contd.) 

A.na;l.ysis Results fer Carbona.tes from Palaoozoic Lirn.(}stones {Grou~ 

~ample ConcentTation in ppm. Limestone 

Type 

B Bn Cr Ni Pb 'l'i .u Fe !l.g Hn Si Sr 

C - .Hissiasipian, Rundle Group, South-\lestern Alberta 

JR•630 10 3 3 liD tlD 18 530 150 5500 16 1700 280 Precipitated; Bahand.t 

IJJR ...530 s 4 <3.\1. tr ND )6 ;60 540 5000 17 3600 :!70 " 
78 ND 2 6 UD l~D 9 150 670 J600 21 1800 310 ft u 

·100 6 3 6 liD ND Zi 520 670 20000 21 2900 llO Skelota1; Criooid/Ersch 

othar Samples from Sedimentary Roeki 

tua.mi 
olite 35 17 <.3'* Im tr 81 62 57 410 ND 10000 4800 Oolite 

Spirifer 49 4 UD tr tr .37 uoo 4900 2200 1200 37..00 410 .1-""ossil (Spirifer) 

VUR Calc. ND 2 ND liD tr 7 850 110 2900 2100 JlOO 140 Vug Calcite 

'* 3 ppm. ie takon for calcmlntiona; w 
1\.) 

"~ 20000 ppm. is taken for calculations. 
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Although three other carbonate samples are listed with this 

group, their values are not included in the averages since they repro

sent rather extrer1e deviations in their age or origin. 

The arranoement of t he results according to a precipitated 

or skeletal origin showed no significant differences in composition. 

So, in the carbonates of Ordovician limestones hardly any differences 

in composition of these two types ia noticed, although herE:~ the amount 

of skeletal type sampl es is in the highest proportion. The tyoe of 

the parent limestone for each sample i indicated in Table VI and 

more descriptive data ia given in Appendix II. 

The deviations of the B, Ba, Cr, Ti, Sr, 1111, and Si values 

from the mean within each age grotlp are not lnrge; the values for Al 

and Fe are slightly larger. The averagns of eloment concentrations 

alOOng the different age groups are consid r bly greater, particularly 

tr~t of ?~, which is approximatoly from 2 to 10 fold (Tabla VII) . 

The high values of Hg in thr ee samples \orere checked by the 

analysis of samples diluted l:l by caco3• Tho results obtained were 

still slightly above the limit of the working curve, but the approxi· 

mate values are given in Table VII and the values of 20000 ppm. were 

taken for calculation of the ~~ averages shown in Tables VII, VIII 

end elsewhere in this t hesis . 
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TABLE VII 

Rang~~ and Average Comwsi~ion of Carbonates f rom 


Various !go GrouHs of.falaeozoio Limestones 


Ordovician Devonian .Vdsaissipian Ul Palaeozoic 
Limestone 

E1em
ent 

6 Samples 

Range Aver. 

J Samples 

Range Aver. 

4 Samples 

Range Aver . 

Carbonates 
13 samples 

Range Aver. 

B ND-16 10 ND•9 6 ND-10 6 ND -16 8 

Ba .3-10 5 2-6 4 2-4 3 2· 10 4 

era ND- 3 J ND- 3 tr 3-6 4 .. 5 ND•6 2 

Ni ND-tr tr .ND-tr tr ND-tr ND ND-tr tr 

Pb ND-tr ND ND ND ND ND ND-tr ND 

Ti 27-82 48 32•65 49 9-36 22 9·82 41 

Sr .310-490 388 170-320 25.3 110-)10 242 110- 490 312 

Mn 130-620 290 .30-41 .34 16·21 19 16-620 147 

Al 500-1600 890 640-1000 816 150- 560 440 150•1600 7.35 

Fe 780-1900 1347 550·610 576 150-670 507 150·1900 911 

Mgb 2800-4700 4050 4200- 20000 1473.3 3600- 20000 8.375 2800...20000 7846 

Si .3.300·8100 4617 2000-)100 2366 1700-2900 2500 1700- 8100 34$4 

a ... Cr values J ppm. vera taken as .3 ppm. for calculations. 

b - Mg values 20000 ppm. were taken as 20000 ppm. for calculations. 

The composition of this group of unmetamor phosed carbonates 

is compared in Table VIII with other limestone analyses recently pub~ 

lished, namely those of Pannaylvavian Limestones from Illinois (M.E. 

Ostrom, 1957) and Mississipian, Pennsylvanian and early Permian lime• 
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stones from Kan as (R.T. unnels and J . A. Schleicher, 1956) and lso 

¥1th the average composition of limestonas (I~nkama and Saharna, 1950, 
.\ 

Table 5. 52) • 

TABLE VIII 

ComBosition of Different Limestones {in ppm,} 

Palaeo zoic Samples Ostrom Runnels and Rankama and 
Schleicher Sahama 

E1em. (13) {92) {288) 

Range Aver . Range Aver . Range Aver . Average 
Limestones 

B ND-16 8 1-200 18 0.5-300 6. 9 3 

Ba 2-10 '+ 
10-10000 260 10-3000 68 120 

Cr ND-6 2d 3-61 11 1-200 6. 2 2 

Ni ND- t r tr ND  70 15 0 . 5-100 9. 4 0 

J?b ND-tr ND 6-100 26 10... .200 9. 1 5•10 

Ti 9..82 41 tr-2400 400 10-6000 200 no data 

Sr 110-490 312 240 81.0 490 14-,.20000 470b 425-765 

Mn 16- 620 147 400·3700 J.400 20-6000 850b 385 

Al 150-1600 735 /+20-47060° 6720° 4300 

r'e 150· 1900 970 3200-46000 13000 700-49210 9240 4000 

Mg 2800- ~20000 78468 745-312000 30500 47700 

Si 1700-8100 3454 .. .. 714-112300 10740 24200 

a - Mg values ;>-20000 ppm. wer e taken as 20000 ppm. for calculations. 

b .. Average of samples in which th element was detected. 

Included Ti, Mn, V. (325 samples chemically analyzed for major elements).c 

d - Cr values <3 ppm. vera taken as 3 ppm. for calculations. 
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The results obtained i:::1 this 'Work aro irt soma agreement with 

figures given by snkama and Sahema , excerpt for Ba, Mn, 1 1 Fe, and Si, 

which are much lower in the present e:tudy but disagreement is roore or 

less greater 11han th~y are compared with the results reported by other 

authors. 

Tha averaeetet for the Hriter 1s samp:~.ec aro all lower than those 

of Ostrom and of .•unnelc and Schleicher. 

http:samp:~.ec


'i'ABLE IX 


Comparison of Elements Concentrations in tho .Natural:. Lim~ston~ 


(Extracted from S~khov ,_!2.22) 

A 
Fe 

B 

Average Concentration in ppm. 
Mn P Cu 

A C A C A C A 
Cr 

C A 
Ni 

C 
Co 

A C A 
V 

C 

Elements Distribut!on in the Natural Rock SamRles 

.Pashiysk and Domnic sed
iments 'With low orgf;lnic 
carbon content 

20600 12.400 7.30 1470 650 350 23 ll 12 nil 14 3 nil nil 23 12 

Domanic sediments w1th 
high organic carbon 
content 

7900 3700 120 200 600 -· 24 14 nil nil 32 6 nil nil 79 18 

lament Distribution in Acid Iooolubl~ Residue of' the Some SaM?lC§ 

Pasbiysk and Domanie sed
iments ~~th low organic 
carl»n content 

98700 161800 4490 14000 3130 5090 

Do:man1c sediments with 
high organic carbon 
content 

46500 79400 710 2130 )900 .. 

In all low-frasnian 
sediments 

lll 1.32 33 nil 64 40 nil nll 118 143 

A - ArgUlac(lous Limestones - 14 Samples
B - · Limestones and Dolomites - 3 Samples ~ 
C - Limestones - 9 Samples 
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kn.;ever, th se dlsat;;r emants y b explain , to a certain 

eJttent, by the fact toot value tor purified oarbo tas re being eom

per0d with limestone • Ostrom (1957, P.l) expressed an opinion that: 

"Tho 11 stone containing clay or shale as on impurity are likaly 

to eon't!lin a greater ennur)t of' truce elo J ts than pure lim stot.e ••• "• 

F'aota au~ rting this point of vie'W ar e r porte by Str khov et al 

(1955) 'Who oomp. r-e mioor and trace elemerlt ati9lyees of lo'War Devonian 

lim" tones and argillaceous lim stones -w 1th ansly is of tbn cid in• 

soluble re 1.du of the sam samples (Table IX). This co r1 n ahovs 

that the concentration of trace and miror larr.-ant 1n th argillaceous 

1mpurit1oa of the limoston~ ia muoh :Te.ator than in tho l:booston oar• 

bonates. '.i'he eama trend is seen when a comparison or valu0.., f'or argill• 

aoeous litlleston a \Jith mo:r{ pure limestor. s :l.o • de (.~oa.bles U and X) . 

Avergge I£p2a El.rngpt Cgno~ntr t!Qn in Limes~ 

of Vqrgne&h str 

LDato or •• $, ,ZalrnanS!-!!l.t l2.2ll 

e;xt:raoteg_t~m ~!:rakbov" !22~l..i:n-IDW.;. 

.Element Argillaceous Limestor~ L.imeatone 
,2 Samp:tas 7 Se}111ls!! 

Cr ll 0 

!li 32 0 

Co 15 (?) J 

v 10 10 

Cu 46 (?) 25 

CoC03% 82. 5 9:3. 46 
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These facts and conclusions reported by different authors 

indicate a lower concentration of minor and trace elements in the 

purified carbonates. Therefore, the purified Palaeozoic carbonates 

of this study are suitable for comparison with the other carbonates 

extracted from different parent rocks . 

Carbonates f rom Precambrian }~rbles 

Table XI sho,.rs analytical results for 10 carboootes from 

Grenville ma rbles from various localities in Ontario and Quebec. 

TlH31E XJ 

Analzsis Result§ for Carbonates from Precambrian i~rbles 

(GrauE IIl 

!1!! Cr !!! 1:!2 I! Al ~ !i€i Mn Si 

CA-84 12 27 ND ND 3 14 260 210 ~10000 1) 130 1)00 230 

CA-103 4 ll ND li'D ND 7!3 560 890 "7 20000 66 1700 500 

CA-43 5 7 ND ND 9 7 44 1200 710000 110 440 310 

PC-187 5 69 ND ND tr 17 780 890 /' 10000 610 3200 180 

380 /'" 100001) 100 

44-1941 12 16 ND ND tr 7 20 )600 

PC-189 32 44 ND ND tr 37 310 650 

210 390 83 

L-807 36 23 ND ND tr 6 51 4700 470 1200 45 

M-16 36 15 ND ND tr 19 290 3900 5-10% 360 3600 130 

M-6116a 32 ;>2001) ND ND ND 9 1500 25 390 92 12000 450 

F'R-5 6 12 ND ND 12 8 56 740 690 78 270 930 

l) Ba 7 200 as 200 ppm., Si >10000 as 10000 ppm. and Ng >10000 as 

10000 ppm. and 5- 10% as 75000 ppm. are taken for calculations. 

In this group all the elements for which r esults were obtained 
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show considerable ~riatlons in tholr concentrations from ::mmple to 

s .o:pla. T:1e "tr" values of Pb are ln tl~ approximate range of 1·2 

ppm. Ho,1ev ,r, the avarage for the whole group is calcu ated from three 

s mples with d te mined values . Cr and Ni were detected in none of the 

samples. Mg was too abundant to ue determined directly in all except 

t wo samp es; nit;;h •il'g co ·tents 'Were therefore estimated visually in dll 

u ed mixuurel:! . 

AVE:lrages and ranges of element concentrations of this group 

and sediment ry c ri.1ona·tes are compared in able XII. Tha information 

on the degree of el ment enr:~.chment or :l.mpoverJ.shmant will be discussed 

later. 

TAB.W.. XII 

Averaga ComPosition of Palaeozoic ~nd ,Precambrian M,rble Carbonates 

ala eozoic recambrian M:trb1e 
Element Carbonates illi Carbonates (10) . 

Raruw Ragea Aver . A!ru:· 
B ND-16 8 4-36 18 

Ba 2-10 4 7- 200 42. 4 

Cr ND•6 2 ND ND 

Ni ND-tr t r ND ND 

Pb ND-tr NJ) ND-12 2. 4 

Ti 9· 82 41 6- J7 15 

Sr 110-490 312 45-930 296 

Mn 16-6.20 147 66-610 250 


Al 150•1600 735 .20-1500 .387 


Fa 150..1900 9'70 25-4700 1680 


~ 2800->"2000 0 7846 390-100000 35100 


Si 1700· 8100 3454 270-1.2000 3410 
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k:enEJ and Vein Ca rbonat .s...from the ,Pr c.:uubrian Skarn Seri.§J! 

Ni nE:taen analy.; s of Len:.: and Vain carbona·tes are shovm in 

:'ublo XIII . They mostl y represent samples ·from dif'i'erent localities as 

>well but include olightly different carbonates from the same ha nd speci.. 

mons i n three cases . 

'l'ABLE ~IJ! 

,Anal,vsi(! Results for Lens and Vein Carbonates 

of Gr enville Rocks 

(Group III) 

!i .§!i Cr Ni fl2 Ti Al Fe !ig 11a §!. ik 

A-1 23 36 ND t r 17 16 110 6200 3200 2600 420 3800 

A- 2 20 98 II t r 44 13 25 .3700 3000 2000 110 5800 

A- 3 6 15 tt t r 60 13 230 3200 1700 1200 1700 970 

A· 4 17 30 ND 17 17 140 5800 2700 .3000 1200 2500" 
A-5a 12 10 If ND 21 10 460 3500 1300 830 .3000 760 

A•5b 12 90 II ND 16 10 710 4400 2000 9.30 .3700 740 

A• 5c 11 11 II ND 22 9 670 5100 2500 950 2300 1300 

A•6a 9 98 II ND 4 36 260 .3700 10000 440 2600 570 

A- 6b 10 98 II ND 4 4.3 1700 3700 1.3000 380 11000 530 

IICA-105 22 6 ND 12 9 74 1400 1.300 650 860 .3700 

nQ-67 28 100 ND 27 7 .380 1900 600 700 4400 2500 

ON-6b 48 16 II tr 18 23 540 2600 5500 1200 1500 1100 

ttON..15 10 16 tr 1.3 10 470 3500 1700 940 1900 1000 

ON-26 25 79 II tr 18 20 1100 5800 4700 2400 5400 5200 

ON- JOa 41 57 II tr 45 45 83 6000 2000 3000 600 1900 
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:~~u; :::J..I (con~.£.=.1 

2 ~ £!: lli. ~ !! Al ~ Mg £:!!! Si §!: 

on-JOb 21 50 ND tr 29 46 97 5500 2000 2900 600 1400 

ON-JOe 20 38 11 tr 26 44 .300 5500 2100 2900 1100 1700 

ON- 31 .26 54 n ND 1.2 10 78 1.300 13000 430 9.30 2500 

OU- 39 44 96 It ND 16 17 180 1500 1.2000 890 .3600 6600 

':'ho samplos r lw 30 a, b, £1 nd 0 are carbona tee. of different 

..r uin siz in the s m pax·ont rookl a - coar..,a, b ... medium, and c .. 

f1nu grain. In th se samples the follo'Wing changes in element distri

bution are indicatod1 a slight bp. ;. gradual decrease in B, Ba, and Pb 

content from the coarse to the fine grain size; no clear change in 

the Ti, Ng, Hn, Fe, Sr, Cr, and ri contents and a large (2-.3 fold) 

increoee in the Al and Si contents of tho fine-grained carbonates. 

Sumples A-5a, b, and c , and A•6a and b represent a transi

tion in car· onato colour of two corresponding hand specimens A..5 and A- 6. 

A- 6a is a pink ~ariety and A- 6b a white one. Their compositions r~ve 

no changes over tho lir;rl:ts. of variation in B, Ba, Pb, Ti, Fe, Mn, Sr, 

Or, and Ni contents; a lc'1rge increase in the Al and Hg contants as 

w l.l as a large decrease in the Si content occur in the white c!ilrbor,ate. 

Samples A·5a (pink), A• 5b (gray), and A• 5o (white) w recollected within 

1'1 ... 3f' from a contact with hybrid gneiss and show rather mre uneven 

element distribution. There are no significant changes in B, Ti, Pb, 

Cr, and Ni cont nte, but th Fe, )~, and •1n contents increaoe gradually 

and in large amounts rom the • ink through the gray to the 'Whita voriaty 

while the Si content inoreas s frmn the pink to the gray and then 



4.3 

decreases considerably 1n the white carbonate, The highest Sr content is 

in the ·hite carbonate, -while the Ba contant is highest in the gray one. 

The rest of the analyses represent samples from different 

localities and vary consiaerably in the concentrations of all the 

elements sought . 

The average and range of element concentration of this 

group is compared with those of ,marbles in Table XIV, which indicates 

further and more intensive enrichment of trace and minor elements in 

Lens and Vein oarbor..ates, particularly Sr. Thi.s phenomena is dis• 

cussed iP zoore detail in the follo'Wir1g seoticm. 

T&§l..E XIy 


Averasa ComResition of Carbona~es from 


freoambx;i,ap t41r~l;§§ ang Lens. and Vein.Qp:r,:pooot~§ 


!;}.omen~ . rble,Carbonates 'lql Lens and Vein Garbonates ~~9l 

Raty;e Avar. ~S! Aver, 

B 4-36 18 6-48 ;!l 

Ba 7-200 42 6...100 52 

Cr ND N:o ND ND 

Ni ND ND ND-tr liD 

Pb ND· l2 2.4 4-60 22 

Ti 6· J7 15 7· 46 21 

Sr 1,5•930 296 530-6600 2.345 

Mn 66·610 191 .380-3000 1492 

Al 20·1500 .387 25-1700 400 

F'e 25-4700 1680 13(}0...6200 .3910 

Mg .390-100000 35100 600..13000 4437 

Si 270-12000 .3410 110· 11000 2470 
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}{.;nriohment apg Imooverishment o~ferant Carbonate Orouns 

A co~ariaon of the average concentrations of elements 

sought shows significant chan as from one ger.etio group to another. 

On the grounds discu sed earlier in this paper, the average 

composition of the carboratas from sedimentary rocks can be taken as 

first approximation of tho average aomposition of origiool lirnastone 

eerbomte. Thus, in further discussion, the other group averages are 

compared with it for a determination of enrichment or impoveriehme:nt 

of the other carbonate groups. 

Carbonates from §ediroe:ntgrz Ro~~~ 

The aver ge composition of this group oom:~red with the aver

ages of its subdivisions by age ie shown in Table VII and indicates 

considerable var.iE.ltions in the rar.ges and the averages of element 

concentration of t hese subgroups. 

The following elements Fe, 'Hn, Si, ~r, and B show a deorasse 

(from l/2 to 2 but • ten-fold) in concentration .t'rom the carbonates 

of Southern Ontario Ordovician limestones to those of tiouth•'Weatorn 

Alberta, Devonian, 011d Missisaipian limestones. The overage concan• 

tration of t hese elements fluctootes elightly (Fe, Sr, Si} or retain 

the same level (B) 1n the limestones of the laet tt-Jo sub-groups except 

t1n t-Jhich is lo":est in the Miseissipian samples. 

':'he change in the Al and 1'1 averages are of a different 

character. They remain on the same level in the carbonates of South

ern Ontario Ordovician and in those of South..w stt~r:n Alberta Devonian 

limestones, but are approximately tyofold decraaeed in th carbonates 

of Missiasipia:n li1nestones ot South• weatern Alberta . 
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The group of elements found in smaller amounts Bo, Cr, or pre

sent as traces~ Ni, display no pronouncad variations in the composition 

of all three sub-groups of sedimentary carbonates. Since Pb 1 not d t• 

octable in all of theso samples, it can ba assumed that it follows the 

samo pattern of distribution. 

The appt~ximate avarate values of~~ (in three samples, ita 

conoentratioD being above the range or working curve is estimated as 

20000 ppm. ) show the following distribution in the age sub-groups: Th 

Mg concentration is lowest in the carbonates from Ordovician limestones. 

!t is considerably 1noroaaed in Devonian and slightly less in those of 

Mississipian limeatonoa. 

Tbe Carbonates frnm l".arble~ and Lang ong Vein Carbgnate@. 

Tho results of analysis h!!ve shown that there is a con ider• 

able increase in the concentration of most mirDr and trace elements 

( xoept 'l'i, Al, and 51) from th carbonates of unmataoorphosed lime

stones through those of Precambrian Marbles to the Lens and Vein 

carbonates. 

Table l17 shows the average concentrations and tho values of 

enrichment or impoverishment of each lement in each group compared 

with those of sedimentary carbonates. The Lens and Vein carbonates 

are compared nleo \lith the carbonates from th ma,rbles . The coefficient 

of standard deviation o:r analytical error (V) determined with sampl A•5a 

is shown in thi ble as we~l . 
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TABLE XV 

Ept!ohment and ,I;n!pQyerishm~nt of l§trpr and 'j.'raco 

El.omen~s ~ Cat:bonat~a (in J.?rng,} 

Group Average Carbonates of Lens and Lens and Coeffici JSt 
Marbles com- Vein 	Carbon• Vein Carbon ... of Standard 

Pola-	 t-hr- Lens paring with ates cornpar· ates oompar• Vari.Eition 
eozo-	 blos and :Palaeozoic ing with Car• ing Paleoz6- {Sample & .. ;h) 
ic 	 Vein Carbonates bouates of io Carbonates 
L-st. 	 liarbles 

13 IO 	 En- Im- En• Im- En- Im· 

rich... povar... rich- :paver.. rich ~over-

.ment 	 ish.. ment ish- ment ish
rr.ent mont ment 

...n 8 l8 21 10 3 1.3 7.5 

:aa 4 4?J+(2~~ 52 38.4(21 ) ... 9.6 ... 48 .. 5.0 

Or ~ liD ND 2 ... ... 2 

Ni tr ND tr tr • tr ... 

Fb nn 2.4 22 2.4 ... 17.6 ... 22 .. 11.0 

Ti 41 15 21 26 6 ... 20 6.5 

Sr Jl2 296 23Lt5 16 2049 203.3 ... 12.0 

J.fn 147 191 1492 44 1)01 1345 s.o 
Al 7.35 387 400 ... .348 13 ... 335 9.0 

fe 970 1680 3910 1700 ... 22.30 2940 7.0 

Mg 7630 J4100 4437 29470 29663 .. .3200 7~0 

S1 3454 3410 2470 li. .. 940 984 8.0 

l) 	 Figure 42.5 includes in the average calculations sample 
vith 200 ppm. Ba as 200 ppm. 

Figure 25 does not 	represent this sample. 
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Compared with limestonos, marble carbonates show onsider

sble increase in Mg, , nd ~e, slight increase in B and 1n, littl 

change in Cr, N.1" Pb, sr, and Si, ond a decrease in T1 nd Al. 

The Lens and Vein carbonat()$ display a large enrichment in 

Sr, Hn, nd Fe, JOOderate enrichm nt in Pb, B, De , little change in 

fU and Cr, a considerable impoverishment in Mg 5nd Si compared \dth 

both limestone one. oorble groups; a little change in Al and Ti eom• 

pared with mrbles, and an enrichment in them compared with limestones. 

Diagrams of element digtribution in the samples of various 

genetic groups are attached in Appendix II, fig&. 1 to 8. 

The averages for the groups show considerab.le differences , 

which might be introduced by secondary processes such as metamor

phism and/or metasomatism. Therefore, the total averages for all 

the analyzed samples are tlOt oaloulnted, being oot'lsidered unrepres

entative. 

http:considerab.le


'J.'w dif.t'erent types of location sr~ anticipated for ro.!nor 

and trace elements in any mineral nalyzed. One occurs in contamin

ation by forei.n grains, inclusions, and intergrowths with other 

minerals, while the other one is in tbe c:ryst lline structure of the 

mineral itself. 

The presence of contaminatlon in minerals is possible and 

requires detailed discussion of sample purification. 

Purity ot; the Sample a 

The main purifioation methods , d~soribad elaewher in this 

paper, r based on t'WO properties of min rsls: Specific gravity 

and magnetic euS9ptibil1ty. Th refore impurities differing in t hese 

par-ticular respects were easily limil':l8ted uhile those with eimiltiir 

~·roparties as carbonates wore separated only to a certain extent . 

The final purif1c tion was mde under binocular microscope 

by use of electrostatic attraction ror pickir. up the 1mpuritie • 

At thi stage th oolou:· and appea~anoe of foreign grains wero used 

for their i<tant.t... ioation, and mineral grair.e similar in this respect 

to carbonat s were difficult to eliminat • 

Almoat all of th sa plea studiod (except sedirn ntary var• 

ieties) wore extracted from Pr cambrian rocks oontainir;g n\.lJllerous 

additional minerals. These minerals may be grouped as follous: 

t. Minerals containing components not analyzed in this work: 

48 
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graphite, fluorite, apatite. 

2. 	 Hinorals easily separated from carbonates: sulphides, 1'' xides, 

sphene, diopside, tremolite, chronarod ta. 

J. 	 !viinerals dif icult to separate from carbonates: phlogopite, 

so :polite, quartz. 

In one sample (CA-84) 2 • 3% of graphite was impossible to 

separate but tho rest of the samples did not contain 1nuoh of the 

easily noti9eable purple fluorite and green apatite which were separ

e ted duri~ the final stage of purification.1 
The proof of satisfactory separation was not always possible 

to establish dir ectly, i . e . by examination under binocular microscope, 

particularly for the grains with colour and appearance resembling 

car bonates. Some indirect reasoning, however, suggested that satis• 

factory purification of the carbonates had been achieved. 

Thus, sample FR- 5 representing silicated marble, in the case 

of poor purification, should contain considerable amount of Si, but the 

results of analysis for this sample show the lowest concentration of Si 

in all the group of marble carbonates, proving that silicates present 

in the rock sample have been very satisfactorily separated. 

The degree of separation of magnesian silicates could addit 

ionally b~ checked by the proportion of l~ and Si in the samples enrich

ed in ~~. If separation had not been satisfactory then the concentration 

of Si in these samples should vary in proportion to the concentration of 

Mg. The results computed in Tables XI and XIII; however, do not show 

any indication that such a relation occurs. On the contrary, the 

marble carbonates which are very rich in 1g contain less Si. 
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l'bxham (1958) discussed in more detail the effeot of sphene 

on thn re ulte of spectogra.phic analysis of pyroxenes . he concluded 

that 1 grain of sphene per thousand of the sample w111 increase the 

concentration of !1 by approximately .250 pn;.. It should be noted that 

very rare sphene grains occurred in the carbonate samples and were 

easily det ected and eliminated at the final stage of purification. 

The last group comprises two mine~ ls which were poorly 

separated at the main stag s of separation. ~he first mineral is 

Idea flakes (roostly phlogopbite) which were found in considerable 

quantity i n almost all the samples. During final purification they 

war easily identified with tht~ help of th£,ir appearance and epar• 

ated by use of electrost4ltie attraction. Presenoe of some unnoticed 

grains can af'f ot the cone Ptrations 01 ', • 1, and Si. However, n:> 

indirect control of this ef:f~ot could be ~stablished since it is poes• 

ible tbat tlicas of different co1upoaition wore present in th samples . 

The second :r::dneral of thi group, .capolita, w~ most 

difficult to separate since it properties are similar to carboretes . 

Filby (1957) achieved purification ot so polites from carbon• 

ates by dissolving samples in dilute HCL. It is obvious that this 

method is of no use for purification of carbonates. 

l~ successful method for scapolite separation was found in 

this vork. Fortunately, microsuo:-ic study made by Shaw (unpublished) 

has shown that mst of the sal!lples analyaed 1n this atudy contain little 

or no scapolite. 

The mounts of Hg, particularly in the narble carbonates , 

indicate that eome submicroscop c 1ntergrovtb of dolomite in oalcit 
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are probably present although rt.icrosoopio investigation of the samples 

(Shaw, unpublished) did not ahow any aviuence. 

It appears that at the achieved degree of purification the 

contamination of the samples by the presence of foreign grains does 

not affect the results :noticeably. I our case tho analytical method 

(considering its coefficient of standard deviation) could introduce 

more variations in the results obtained than the achieved purity of 

samples. It is alao clear that the effect of trace and minor elements 

in the impurities, in this ease, should be muoh smaller or rather neg... 

ligible. 

No intergrowthn ware observed between carbonates and other 

minerals, but may have been present on a su.b..microscopio seale. Con• 

tamination from such m.i.nute inclusions can never be ruled out 1 but is 

likely to be negligible. 

From the above discussion the effect of contaminating factors 

in the samples is cono.i.dered to be of no importance at the a0hiaved 

degree oi' purity, and therefore it t.'Oe not accounted for in changes of 

element concentration either among semples or groups of samples.. As well , 

it will not be considered in the problem ·of locat.ing elements in the 

carbonates . 

Location of Hinor Elements in the Structure of Carbonate§ 

It is well kncrwn that :many minerals contain elements which 

are not present in their theoretical formula . These elements either 

occupy structural sites or are situated in str uctural voids among other 

6'!lements. 
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In .oahon:istry the substitution of minor and trace elements 

into the structure of a mino:ral and th(fir r(•lationship within the 

lattice is often explained by tho concept of dindochy. 

F.enkame and Saho. :n (1950, :r' .l2l) ~ive the following definition 

of this coneopt: "two ato!D or iono occurring in a min ral are oalled 

diadoohic if they ere capable of replacing ch other in the structure 

of the mineral, each occt~P'Jlng: the othor' r. positiont1• 

'l'hus, ioomo:rphic mixtures \lith mOra strict oompositiorol and 

structural r6l.."uirements to the compounds participating are a specific 

case of this concept . 

In the present study several of the elements .found in the 

carbomtas correspond to the requiraments of isorrorphoup mixtures; they 

are , Fe, Mn~ Ba, Sr; and Pb. 

Data of various carbonate analyses shoy that th y also toler

ate some quantities of Si , A1, Ti, Cr, Ni, and other elements . In tbl"' 

prEtsent study the above elelllfmts 'Were found in vnr!sble amounts in all 

three genetic groups of carbonates . The possible location of these 

elaments in the carbonates , yhether as occupying structural sites or an 

held. in the crystal in the form of a dieperaeu phase, will be discussed 

latar. 

The locatio·n of boron cot~ld be n the atructural voida, if 

one ussumee that it is pres nt in !orm of cation, since its very small 

ionic radius would permit suoh il.npl.Dcel'l:JCnt. It should not be overlooked 

that it might ba prosont in the form of calcium or msgn sium borotea 

(Rankattta and Sahama, 1950, P. 490) as well aa in the form o:r gaseous. 

inclusions and aubmioroscopio inclusions o! tourmaline. 
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mho above estimate of substitution of som nts for variou 

str uctural looalitiao is baaed on Goldschmidt's empirical rul of ~15% 

tolerance in atomic radii for the guest •3lement to th jor element in 

the struotur • Im many oases, howev r, this rule does not hold (Shaw, 

1954) and other explanations are to be sought for the distribution of 

the minor elements. 

l~st of these explanatory factors have been studied for sili• 

cates and mainly conaid<ired wiU. rasp at to the formation of igneous 

minerals where ions oan freely move in the gma and can be selected 

during crystallization in accordance with their concentration nd 

properties . 

The con_~;ttions Sl' entir~ly diff .rent duritl6 for tion of 

meta100rphic or nwtasomatio miner ls. The genisis of these Minerals 

involves the problem of transportation to the site of r ction with 

possible oompositior~l variation of incomin' # terial. The bulk of 

t.he reacting mterial depends upon the composition or the roo in situ. 

Aey solublo mterial produced by a rooct:ion can be removed. Although 

the processes as well as the ionic substitution proceed in aocordnnce 

with chemical laws, some alterations may occur, particularly when the 

presence of colloids is anticipated. tlevertheless, som of the faators 

explaining distribution of minor elements concerning i gneous minerals 

will be vory shortly mentioned . 

Ramberg (1952) considered the .silioatos as increasingly 

olymerized oompoun s, and discussed in detail the .91•0 bond. He sr...ows 

hoY email cationa of high charee O·fg• Fe) prefer t ho simplest mber 

in the series (orthosilicates) while th lar ger and low charged cations 
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concentrate in th D:iOoiit co::~plex m • bur ( t ctocU cates) whic also more 

re <lily accepts substitut:ton of <li by l in Si.. O li:nks . 

Ahrens (1952, 1953) employ Jd the ionisation potential of an 

olot:~etJt na ost inoo:rtont f ctor co11trolling its di tribution, sugg• 

ting tho;/.; :nts of ei llar ioniz tion potential a;re d d~chic. 

1955) ~xplains d~ QO hy from the standpoint Of 

le ·tror).' ~ativity and proposes that it is more pcasibl for ion with 

lo'War 1n to b~ preferantW.ll:y c.ooapted in the structur since it forms 

stror.ge bon • 

Fersman (Saukow, 1950) xplained ~lement istributions using 

the energy of the crystalline lattice which is supposed to be func 

tion of ion qharges and their radii . It it: measured by the amount of 

work required for destruction of the ionic bond in th 1 composite ions. 

For tha dat rmiootion of this erterQ!' for at:.y cryatall1ne compound, he 

calculated ·' lues (energetic coefficients) of ela~~nts. 

All th bov -mentioned concepts, however, .ncount rod numer• 

ous exceptions and contradictions in their appLication. 

The crystolloohemical aonotants of the elements anolyzod to 

which reference has just beo:n neda, ore 1intad in '!'abl0 XVI. They are 

as follows' 

- ionic radii (R) for ai:t..fold aoordinotion giv n by Ranka 

and Saharr.tl (1950, Appe11dix J) 

- ionisation potentials lipted by Ahrens (1952) 

• alectron~gativity valuas (En) ~ftor Fyfe (1951) 

• 	 lattioe anergy coefficients given by S&ukov (1950) 

Since tho mineraL. studied in this work are of Lletamorphic 

http:Saharr.tl
http:stror.ge


origin, sam other views h lp u1 in t.n expl natior:. of the structu ·al 

l'elatiorJS b tween major and minor elements should b presented . 

raf nd Lamar (1955, P?.v68, &9) pointed out th t having un

saturated ionic bonds nnd nbnormal lattice spacin in the n(.ar-surf ce 

crystalline ca:r.·bonate urfac is n abnormal ~nvironment 

allowing i ncreased absorption. Aany other miner ls have th same pro

p r ..ies . 

n ~erimontnl s udy o:t Doucla and 1allw:r (as it is :raported 

by Graf and Lamar, 195?) has "'hown tlet ther~ is a negative surftlOO 

ct..arge on calcite poVIder resulting fror. the los"" of Ca ions in the 

~m·t'acial layer after various el otroly ic solutions had been passed 

thvough it~ ~sa result , a stron5 adsorption of positive ions (Ba ~+ , 

Pb ++, Ng~+) and son.· n t:,ttiv ions {HC03''"' co •, (Po3... )6) occurred.
3

These theoretical con~iderations nd sxperiraental results 

indicate a po sibl adsorption of positive and negative ion... by {..row• 

ing e rbonate crystal during ruetasorr£tlc process s or during orocesses 

of material redistribution in situ. 

~hus , in our case on oan antici at presence not only of 

Hg, Fe , and ,1n in calcite str otures , but al o that of lar er positive 

ions such as Sr, Pb and Ba . 

The e.xper im nts showing adsorption of largo anion by car

bo ttl surf oes encour ges a suggestion; t r.at analogous adsorption of' 

Al2o3, Si02, .:103 and other anions rr&y have occurrad during cryst 1 crowth, 

whethHr during metamorphic repla o~xnent and redistribution or during pr ·o• 

ipitation nd dia enetie r crystallization, asoumi , that in each case 

some fluid was present . 
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E1 mont 	 Co•ord. R Ip En 

Number 
 ili 

BJ 6 0. 20 17. 9 2. 0 6. 00 

514 6 0 . 39 45. 1 1.8 8. 60 

A13 6 0.57 28. 4 1. 5 i.-95 

cr3 6 0.64 96. 0 1. 2 
1'13 6 0.69 iu65 

N12 6 0.78 18. 2 1.7 2.18 

Mg2 6 0.76 15.03 1 . 2 2 .• 10 

Fe2 6 o.sJ 16. 24 1.65 2.12 

Mn2 6 0.91 122.0 1.4 2.00 

c 2 6 1.06 11.87 1.0 1.75 

s 2~r 6 1. 27 11.03 1.0 1. 50 

Pb2 6 1.32 )9.0 1.1 1.65 

&2 6 1.43 10.0 o.as 1.35 

De Vore (1955) anticipa.tes tlmt direct substitution oan be 

replaced by a process of adsorption. He further suggests that, most 

of the amount of the minor e1om nt in the structure, or at least a por.. 

tion of it, can be incorporated by the growing crystal surfaces. Part 

of the minor elements are consequently located not on the structural 

sites, but rather in the structural defects and dislocstions. 

Chukhrov (1955) suprorts the importance of adsorption and 
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believes that: 11 oler::ents adso.bed b:,• oryfltalline substance during 

its growth do not p.:::rtidpnto in its structure, but are forming in it 

solid solutions (lith· r trw:J or colloidal. t s ems to be that in this 

pai't:_cul r I'.lar.ner .r.dn!;!l'~ls captur6 admi.rtures of the element"' which 

cannot be ..:. c .t-•t <i in thEJil- CI·ystalline structure". (Pi'-236- 237) , 

he , }.~o advo ates tl at di$pE: sed phase of olid particles in 

crystalline minerals can be forn1ed in result of either mechanical cap

ture durin cryst llization or disintegrat,;.on of isomorphoua mixtures 

at a decrease t, o/eroture wi h a very vague differ ence between them 

in :rrost cases , ':'he classification of dh·.~orsed syst mw by their sizes 

is eit od as follova : 

(a) coarse disp(1rsed systems with the size of d:i~lpersed phase 
0 

of 1000 A (visiblA under microncope). 

(b) colloidal dl·persod syst.rne with the size of dispersed pb~se 
0

1000- 10 A (subwicroscopic). 

(c ) n:oleculrJr and ionic di srarsod systoms l.rith the size of is 

parsed pho~e of 10 ~ . 

In his opinion, "the nbu:r.dance of some elemente in . inernls \.lhich could 

not bo included into th<'i lattice in respect tc the la\Js of isomorphism 

is ofte e~~lainad by the pr esence of dispersed colloidal particles in 

it ("anomalous ;nbwd crystolo 11 ) . 11 (:)P • .248-250). 

Ono cannot o:...-peet, of cource, that the robundanc0 of all t' e 

minor elements in carbonates will be explained or1 the basis of the 

above theories , as De Vorc ' s work is rostrictod to a :fow olc:nents 

in sor.1a particular r.rl.nerals and m:ty not bo a goneral. case. But, 

Chukhrov's views are open to an argument since he admits tl~t= "solid 

http:disintegrat,;.on
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disper soid minerals are, as yet, studied to an inadequate extent" . 

However, these t heories explain t he abundance of the elements 

which ar e difficul tly accepted into the structure and t herefore may be 

helpful for location of Al, Ti and Si in carbonates. How they occur, 

whether as submicroscopic inclusions, colloidal or molecular dispersed 

plases is difficult to anticipate, but in agreement with these theorlt:>s 

they should not occur on the structural sites of carbonates. 

Q.eocher.Gistry of the .Clenents Sol1ght . 

In the following discussion of the geochemical properties 

and relations of the element s sought in the carbonate~, these elements 

are subdivided into groups in accordance vith their abi lity to substit

ute into the cnrbonE.te ntructure . 

7he first group comprises ~~ ~ ?fu, and Fe which having ionic 

radii most similar to calcium readily substitute for it in the calcite 

structure to a considerable degr ee . 

The secoul group includeo Sr, Ba, and Pb which by reason of 

their ionic l:lirzes preferably substitute for Ca in the aragonite struct

ure although they can substitute to a smaller extent in the calcite 

structure . 

?he t hird group consist s of Al, i, and Ti which probably 

cannot substi ute on the Ca structura l sites in the carbonates . 

The fourth group includes B, Cr, and Ni , ono of which (B) is 

present in all the carbonate groups, and t he others only in sedimentary 

carbonates. Probably the last two can be partly r elated iorith the ot her 

minor elements in tho carbonat s . 

http:cnrbonE.te
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~gnesiUl'il 

fhe average magna ium concentrations in different carbonate 
I 

groups shf"' large variations. 


/ The bundanoe of 1'1g in sedimentary carbonates is 7850 ppm. 

II 

with cqhsiderable variations within the sub-groups (aoe Table VII); 

/
the ~rble carbonates show t he highest Mg abundance - app:roxinntaly 

.35100 ppm.,, vhile the Lens and Vein carbonates the lowest - 4440 ppm. 

The abundance of Hg in the llmestones ehovn in Table VIII, 

unfortunately, cannot be compared -with the results of the present invest.. 

igation (Table VI) since dolomite limestones were included in the ver

ages reported by the other authors. In this work high Mg concentra

tion ( 2.0%) was found in three samples of sE.tdimentary carbonates (in
·--- 

two of precipitated and in one of skeletal type, Table VI) . 

Mineralogical study (Shaw, 1956) of the Grenville rocks from 

which the investigated metat:J.Orphic carbonates were extracted did not 

reveal any dolomito in the narbles and "skarn series". Consequently, 

the gnesium detected should be located within the calcite structure. 

In present work most of high Mg concentrations were estimated semi-

qualitatively. Therefore it is difficult to decide 'Whether n:agneaium 

occurs in an exsolution of dolomite and roognesian calcite or in the 

latter only. 

An experimental study of dolomite - magnesian calcite r 

lations by Gra£ and Goldsmith (1955) showed that at elevated temperat• 

ures and Co2 pressures calcites oontein Mg in solid solution in equili 

brium with dolomite or periclasa. The exsolution curve revealed that 

field of unmixed magnesian calcite containing 6 mol. per cent of Mgeo3 
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starts at 500o C. and at tho temperature of 800° C. the amount of 1'-1gCOJ 

in magnesian calcite increases to 22 mol per cent . 

lt>st of Ng enriched metamorphio carbona tea of present \olOrk 

occur :tn the group of Precambrian marbles. The annunt of HgCOJ in them 

(recalculated from Mg concentrations) is approximately ·J.5% to 26%. 

If one assumes that Grenville marbles are of the same meta

morphic facies, then .for the sama temperature the above variation in 

tt..g concentrations suggests presence of dolomite .. magtlesian calcite 

exsolution in the samples of higher ~ concentration. 

Goldsmith, Graf and Joenauu. (1955) reported 2. 2 to 6 . 6 mol. 

per cent of MgC0.3 in nat'UX'al ~mgnesian calcites or caloite nw.rbles 

(with no dolomite present) . This support:s pres<:mce of dolomite .. 

magnesian calcite exsolution in the carbonates of Preoarnbd.an marbles., 

However, possibility of big analytical error for aemi..qual• 

itative estimstion in spectrographic analysis makes this conclusion 

doubtful . 

I:fanganesi} 

Mlnganase is closely related to iron in respect to its chem

ical properties. Its natural occurrence is similar to that of iron 

also, though they are mora or lass separated during processes of sedi• 

mentation. 

Although most manganese in the sea precipitates in ·the form 

of Mn4 1 it can also precipitate as t~2 in the form of carbonates 

when protective organic colloids al"'e remved from manganese hicarbon.. 

ate. Thus, 1--tliJO:; is common in deep-sea sediments .. 

,F'rQm hydrothermal solutions manganese and iron can be depos.. 

http:Preoarnbd.an
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i tad together forming Fe .. Mn carbonate (!Enganosiderit ) • 

In calcite }m2 r eadily substitutes at tho struotur 1 oitea 

of calcium having preference in respect to iron sinoo its ionic size 

is more similar. (See Table XVI) 

In natUI~l carbonates up to 42 par cant of Ca sit e can be 

replaced by Mn2 (Kreiger, 19.30) while in synthetic calcites, only up 

to 15 per cent (Vengard, 1947). 

Distribution of manganese in various groups of sedimentary 

carbonates investig ted 1s more unaven than tJ:t.at of any other element. 

For this group of carbonates the ratio Fes ~m in different age sub• 

groups changes as follows; 4. 64 in Ordovician, 16.94 in Devonian, 26.68 

in fldssissipian, and 6.20 as the nverago value of all the sedimentary 

groups. For the mar bl s the ratio is 6.72 and for the Lens and Vein 

carbonat s it is 2.62. 

The average mangane e content in the various genetic groups 

(Tabl XV) incr eases simultaneously with iron from the sedimentary 

carbonates through th~ marble variety to the Lens and Vein carbonates •. 

(S e p~ta1 Append1x III, Fig . 1) . 

Th$ manganese content in the 1 st group is close to that re• 

ported by ~bxham for Grenville metamorphic pyroxenee average of 1350 ppm. 

(range from 600 to 2500 ppm.) and amphiboles averag of l280 ppm. 

In Table XVII Mn oontent found in oerbonates is compared 

with that in various rocks . 
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TABI.S J:'V I 

l• naanese Content in Carbon tos Coml'?§red w!,1b other Rocks 

1:1i!l· !P~!. IDA 

Carbomtee from Paleozoic 
L:tr:leetone e 17 620 147 

Carbo te from Prooam
brian l rbl s 66 610 191 

Lens ond Vein 
Carbonates )80 3000 1492 

Limestones (composite) Rllnkmm & S&hsma (1950) 38S 
Table :31.4 

Oolites, Scania , Sweden Rank ma & hama (1950) lSOO 
Table Jl. 4 

Ultra basic rocks Rankama & SSbama {1950) 1120 
Tabl .31.3 

Granites Rankam & Sahama {1950) 965 
Table Jl.J 

Limestone (Paleozoic Ostrom (1957) 400 3'700 1400 
from nlinois) 

Limestones {Paleozoic 
!rom Kansas) 

Runnels & Schleicher 
(1956) 

20 6000 850 

Tho abundnno of iron shows a gradual inor se from less to 

more metamrphosed carbonates invostigeted. The averages are1 911 

ppm. in Pala zoic carbonates, 1680 ppm. in Precambrian marble c rbon• 

ates, and 3910 ppm. in Grenville Lone nd Vein carbonates. 

The averag iron oontent in various rocks is as rolloua 

{Ranknma and Ssbama, 1952, P. 668)a Igneous rocks • 7.15 per oont, 
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Shales • 6.73 per cont, Sandstones - 1.41 por cent, and Limestones 

0.54 per cent. 

Ferrous iron precipitated in the carbonate form is common 

and important in sediments. Its precipitation and acceptance in car

bonat s is analogous to manganese with the rraximum Fe 2 content for 

carbonates of 48.2 per cent in siderite. 

In the substitution into calcite structure, iron shares cat

ionic sites vith other bivalent elements where its proportion can be, 

to a certain extent, evaluated by th ratio to corresponding elements. 

In tho case of earbor~tes studied the Fes~~ ratio for sedimentary 

group is 0.116, for marble group is 0.048, and for Len" and Vein car

bonate group is 0.881. 

Strontium 

The abundance of strontium in the various groups of carbon

at s compared with that of some rocks is shown in Table l'"VIII. 

The size of str ontium ionic :radiu (Table XVI) and other 

chemical pr operties ar e similar to those of C;li\laium. Therefore, 

strontium is closely associated with it in sedimentary and igneous 

rocke. 

Turebilln and Kulp (1956) repor ted strontium crustal abund

ance of 450 ppm., while its abundance in limestones of 610 ppm. and in 

shales of 2.45 ppm. 

Shaw (1954) found average Sr content of 710 ppm. in pelitic 

metamorphosed rocks of New Hampshire region in the Appalachians. 

The highest Sr content in rooks is r eported for nepheline 

syenites, although it is relatively evenly distributed among other 
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ignoous rooks. 

In sedimentary rooks Sr is most abundant in 11mostonos into 

which Sr can pr cip1tate from s water. 

The result of analysis ~J Nl!All. (1934) show 5-1400 ppm. {moon 

702 pprn.) of Sr in sedi'. ntacy calcites and 4800 ppm,. in mgmatic c 1

cit from th Fon ar«J of Norway (Grnf and taMr, 1955, P.666). The in• 

crease in Sr eontont of ma~tio calcite is 6.9 fold, ~hile th in• 

cr ase in Sr of ns and Vein carbonates compared to its eoncentretion 

in aodimentaty carbonates investigated is 7.5 fold. 

The inoteaso in ...r content of calcite formed at high tempera

tures is explained by a therrool effect on tho structure Yhich 1 de to 

more ready substitution of Sr into Cs sites. (Ranksma and Sahana• 1950). 

If this cone ption of Sr abundance is true, then the enri .h• 

ment in Sr of !A:Ins and Vein carbonates should have been completed at 

el vated temperatures . 

Two more factors are 1n support of thia view: (a) consider• 

able amounto of ~)r 'Wh1oh nter postma n:atio solution; (b) inability 

of trontium to form minerals during metatnOrphism. (Rankmr.a and Sahone • 

1950, P. 482,) 

The location of Sr 1n carbomtea we discuss d earliarJ it 

enters int,o the oalcite structure substituting tor ca. 
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TABUS XVIII 


Strontium Content of Carbonates Compar§d with Other RoC~§ 


§tronti;um 

Ana ly;ed Sampl51 

Carbonates of Palaeozoic Limestones 

Carbonates of Precambrian Marbles 

Lens and Vein Carbonates 

Limestones (average) 

Carbonate Rocks, Southern 
Lapland 

Nepheline Syenites 

Nepheline Syenites 

Basement Complex of So. Lapland 

Ultrabasics 

Gabbros and Dolerites 

Hett Gr nites 

Youngest Granites 

Syenites 

Syenites 

Referen2! 

Ranlrema 	 & &hnma (1950) 
Table 15.4 

Rankama 	 & Sahama (1950) 
Table 15.4 

Goldschmidt (1954,
P.245) 

Rar..kama 	 & Sahama ( 1950) 
Table 15. 4 

Rankama 	& Sahama (1950) 

Tabl 15. 4 


Goldschmidt (1954,
P.245) 

mn. l:!!!· !W:· 
110 490 .312 


45 9.30 296 


5.30 6600 2345 


425 765 


850 


1400 


1200 


9 


so 

250 


90 


570 


700 
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The values of Be. concentration in various carbonote croups 

in this \lark are compared with the barium eontt:mt in other rooks in 

T ble XIX. 

The Ba results of this study are much lowor than those listed 

in Tabla XIX for corresponding material. Howt~er, the values given by 

l1oxham for pyroxenes and smphi boles from the eame Grenville area show 

relatively similar low content of Da. 

Although the chemical propertiaa of barilllll are similar to 

thosa of calcium, its large ionic radius prevents a great amount or 
substitution in the e lcite structure. It 1 generally accepted that 

Ba (as wall as Sr) mora read~ substitutes into the aragonite struot~ 

ure. 
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TABLE XIX 

Barium Content of Carbonate Comparag with Other Rooks 

Barium 
Referenc! 

Min. ~. mt• 
Carbonates of Palaeozoic Limestones 2 10 4 

Carbonates of Precambrian Narbles 7 200 42. 4 

Lens and Vein Carbonates 6 100 52. 5 

Crust 1 Abundance Gre n (1953) 250 

Limestones Rankama & Sahama (1950) 
Table 15. 4 

120 

Carbonate Rock , So . Lapland Ranka & Sahama (1950) 270 
Table 15. 4 

Syenites and Trachytes Rank ma & Saha (1950) 1600 
Table 15•.3 

Nepheline Syenites Rankama &Sahama (1950) 520 
Table 15. 3 

Rooks of Basement Complex of Rankama & Sahama (1950) 
Southern Lapland 

Ultrabasic 18 

Gabbros and Dolori tes 45 

H tta Granites 670 

Youngest Granites 630 

Syenites 620 

Grenville Pyroxenes M>xham (1958) ll 

Grenville Amphiaies Moxham (1958) 15 
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In this work only traoes of Pb were deteoted in sediment• 

ary carbonate • The mount is considerably lower thfin t ho limeotone 

ave ge reported by Rankam and Sabama (1950), although its content ie 

gradually increased to an averag of 2.4 ppm. in the marble oarbonstes 

nd to an av rage of 22 ppm. in the Lens &nd Vein varieties. 

Lead abundance in the ,pyroxenase of the same area of up to 

49.8 ppm, io reported by M>:::<ham (1958). 

In pelitic rocks of New Hampshire (Sha~, 1954) lead content 

inoreasea from the low-grade metatrnrphio rocks (16.1 ppm.) throt~h th 

m$dium nde (23,3 pp~) to the high-grade (27.3 ppm.) vith the fir~l 

averaae tor nll tho rooks of Devonian Littl ,ton i'orl!1.ltion of 24 ppm• 

.For comparison tha lead content of some i gneous rooks is 

show in Table XX. 

The ionic size of lead i:J· slightly larger than thet of calcium; 

indicating that it is more r dily ac¢eptabl in r gonito structure (see 

Table XVI) . Conaidarir.JS this eo>.rm ly accepted view, one oan anticip

ate ooourrenct... o£ lead 1n carbonates investigated as s direct replace• 

ment of Ca sites in the calcite structure (to a small degree), in this 

way causing some imperfection in calcite structure. 

The possible proportional increase of Pb and Sr was investig

ated by pll.ott1ng Pb content va, Sr content, but no linear correlation 

vas found. 

http:Conaidarir.JS
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TABI.E XX 


Lead Content of Carbonates Compared with Other Rocks 

Lead-
~. ~. ~. 

Carbonates of Palaeozoic Limestones ND tr r.."D 

Carbonates of Precambrian Marbles ND 12 2.4 

Lens and Vein Carbonates 4 60 22 

Limestones (average) Rankama & Sahama (1950) , .. 10 
Table 5.52 

Gabbros and related Rooks Rankama & Bahama (1950) 5 
(average) Table 41. 4 

Granitic Rocks (average) Rankana · & Sahama (1950) 9 
Table 41.4 

Granities, Southern Lapland R&nkama & Sahama (1950) 30 
(average) Table 41.4 

Aluminum and SilioQn 

Average aluminum and silicon contents in limestones of 4300 

ppm. and 24200 ppm. respectively {Rankama and Sahama, 1950, Table 5. 52) 

are mst probably present in the form of Al-Si clay minerals and 

Si02 which are included into limestones during sedimentation. 

Part of this material, having smaller size, may be included 

in carbonate grains . Thus, 735 ppm. of Al and 3450 ppm. of Si in the 

purified sedimentary carbonates may represent inclusions of various 

sizes corresponding to solid dispersoids discussed elsewhere in this 

paper. 
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suming that duri :-r metamorphic and particularly metasoma

tic redistribution of material, that fluids are present, one can ex

pect migration of thes, elements in anionic or mol euler form and con• 

sequently, in metamorphic carbonate they should occur also in this 

i'o:rm.. 

The sizes of this dispersed phase (following t rminology 

ot Ghukhrov) remain unknown and the possibility, th~refore, of Al 

an Si preoence in cationic form oould not be excluded. But, in case 

di sintegration of nions oocl.U'red and s. 11 l and Si cations enter 

carbonates, they probably would be l.ocatod in t h intarstructural 

voids . 

In both casfHS, than, Al and Si probably will not substitute 

on the cationic sit s in the str ucture of metamorphic carbonatee. 

The averages of Al 387 ppm. and Si )410 in marble carbon

ates and respectiveq 400 ppm and 2470 ppm. in Lena and Vein carbon-

a tos are smaller (except Si in mrbles} than the corresponding figures 

for eed~nentary carbonates . 

The various genetic carbonate groups show a different propor

tion of Al end Si present. The SisAl r ation of average concentrations 

is 4. 7 in sedimentary, 8. 8 :tn n;arblo and 6.2 in .Lens end Vein carbon• 

etas. 

The plot of Al vs. Si concentrations in th samples {Appen

dix IV, Fig . 3) shows t hat Al content increases proportionall1 to 

tbat of Si in all tho carbonate groups. 

IUanMug. 

Averago titanium oont nt in the studied sedimontary carbon• 
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ates is 41 ppm. (renge from 9 to 82 ppm.); it dscresses 1n Precambrian 

marble carbonates to 15 ppm. (rang from 6 to )7 pm.) and in Lens 

and Vein carbo:nr~te to the avera of .21 ppm. (rrinbe from 7 tc 46 p ) • 

71tllnium :!.o a minor elomcnt in most rocks. Its average con .. 

tent in igneous rooks is 4400 ppm. It is closely r lat to silicon 

and usuolly occurs in the silicate or oxide phase. 

The followi~ titanium oontonts in some sedimentary and 

metam:rphic rocks are listE1tl by Rankama and Zahama {1950, Table 21 . 2): 

Shalos - 4300 ppm., Sandstones • 4400 ppm., aluminmn-rioh schists 

6.300 ppm .~ and quartzites - 960 ppm. 

The abundance of Ti in limestones given by Ostrom (1957) 

is an average of 400 ppra.. for Pcnn~ylwnlan J.irlestones from illinois 

and given by nuno.el:; and cchleicher (1956) is an average of 200 ppm. 

for Palaeozoic limestones from Kansas . 

Cozntxlrine thnsEJ figures "1ith v· lues obtained for oarbonatos , 

it 11hould be eonsid('lred that in both of ·thooa casas alumo-siliocoua 

mat rial incorporated in lim~stones was included in analysis and 

therefore the lower figures of Ti content in purified sedimentary 

carbon.."'ltes appears to be reasonable. 

The deer sse in Ti contont found in both groups of metamor• 

phic carbonates may be oonncctod to the relation of titanium to the 

silicate and oxide phases. 

""'or instanoe, part of the Ti in carbonates could have migrated 

as a result of material red·stribution to sphene or pyroxenes which 

are present in the same assemblage. 

f~me evidence for this suggestion can be found in ¥Dxham's 
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(1958) thesis where average ':'i valuo is .3.30 ppm. with range of 150

1000 ppm. in the metamorphic pyroxenes of the Grenville fo rmation. He 

had sug este tr~t titanium wou substitu~o for ferric iron, magnes

ium, and aluminum in the pyroxene structure. 

Boron 

Goldschmidt and Peters considered that boron is oore abund

ant in the sedimentary cycle than in the average igneous rock. They 

report a concentration of .30 ppm. in sandstones and up to 300 ppm. in 

shales. 

The values of boron in the carbonates studied compared with 

those in various rocks are given in Table XXI. There is a definite 

increase in concentration f rom Palaeozoic sedimentary carbonates 

thr ough Pr ecambrian marbles to the Lens and Vein carbonates. 

During magmatic crystallization, boron is par tly included 

in rock forming minerals and in part enters ema.nations and mineral 

waters of the areas with volcanic activity. The enrichment of boron 

occurs in poHtmagrnatio processes wher e it forms tourmaline and other 

boron bearing minerals. 

Evaluatin t he i ncrease 1n boron concentration of metamor• 

phosed carbonates, the following factors should be taken into account& 

The small size of boron and its high mobility, a possibility that prim

ary boron in sediments could remain in them or could be removed while 

the secondary boron could be introduced by met asomatic processes. A 

mobilization of boron by an intrusive process (as described by G0ld

sohmidt, 1954, P.247) with later redistribution by post-magmatic and 

metamorphic processes could also occur. 
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Presence of submioros pio inclusion or t urmoline is also possible. 

Bot91J CgQ!;ent of thg AMJ.tzeg Cer]N!lQ~@I 

cgmnareq yitb othe£ Rockg 

C rbonate of P la ao1o timoatones 

Carbor..ate of Pre mbr1an Mlrblas 

Le nd V in Carbonate 

Calcitic and Dolomitic Limeatones 

C rbor.ate Rooke, Southern 
lapland 

Nephel1no Syenites 

Rooks of th Bas ment Complex 
of Southern Lapland 

Ultrabss.tos 

Gabbros nd l)olerites 

Q nites 

Pennsylvanian IJ.mestones from 
Ostro , D.Unols 

Palaeoa1o Limestones from 
Kansas 

t41n. 
ld 

4 

6 

Rankama 	& Bahena (1950) 
Table 16.3 

Ranksll'..S 	 & Saban& (1950) 
Table 16. 3 

Raw 	 & Saba (1950) 
Table 16. 2 

Ranka 	 & Saba (1950) 
fable 16. 2 

Ranka Saba (1950) 
Table 16. 2 

Rankama 	& Sahama (1950) 0.9 
T ble 16. 2 

Ranks 	 & Sohtuna (1950) 
'1' bl 16.2 

1 

Runnels Schleicher o.s 

• Am· 
16 s 

3618 

4821 

' 
9 

31 

9 

3 

9 

200 18 

300 6.9 
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Cl roxnj.Y,Q 

Detectable amounts ot chromium ave~ ging 2 pp • have been 

found only in the carbonates of sedimentary limestones. The limit 

for visual d ect1bllity (tr ) for chromium ia 1- 2 ppm. 

In Table XIII the results of this work are compar d with 

the abundance of chromium in various rocks. 

The ionic size and char ge of chromium as well a . other che.m• 

-+of- + +t +ical propertie closely correspond to those ot F nd U , 

th r efore the abundance of Or should be relat d to that ot those 

element • 

The effect or alumo• sil1o1ous impurities in limestones on 

the concentration of Cr and some other olei~.enta was alroacy discussed 

in the chapter of nalytic:al method,. 

and Al b ring minerals togeth r 

with carbor. te in the sam.e metamrphio assemblege can provide mr 

suitable empl cement for Cr in their structure than in carbonatee. 
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Ana 

Carbona es of ~ laeozoic Limestones 

C rbonatee of PrecalUbrion !19rbltts 

L n and V in C rbonetes 

otonss (average} 

Carbonate Rocks , Southern 
laplat:Cl 


epbel1n Sven1t 


B · ement Co · lex of Southorll 
!apl.snd 

0 bbros and Dolorites 

Oran!w 

Syenites 

Ranksna 	& Saham (1950} 
'1' ble 5. 52 

Ronk&ma 	& ma (1950) 
Tabl 28. 3 

R nkru:B 	& Saba {1950) 
Table 28.2 

nka 	 {1950) 

Pbmmitpp 

...
- • !!It• 

Nl) 6 2 

ND ND rm 

ND ND m> 

2 

2 

0.7 

410 

2-6. 8 

200 

Crustal abur~dance or Ni reported by Ranks and hama 

(1950, T bl 2. 3) is 80 

ppm. and it :ta bsent in carbomt e rooks from South rn Ulpland. 

R ulta ot the pres nt !nvestigction show t ces of l1 o~ 

in ediment cy carbonates, with the value of tr b ing ell ·htly below 

3 ppm. corresponding vttb th valueo ported for s1m.11ar rocks 

(Table XXIII) . 
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s 

C rbomt s or P lcteouoio Lim~ tonfJ 

c rbonateo of Precamor1sn Harbles 

JlS nd V in Carbor.-ete 

Lim atones (av r!.l e) 

Limestones, Vostorgotland• 
Swedell. 

Carbonate Rooks, ~uth rn 
,Lapland 

Nepheline Syenit 

Baaem nt Complex, Southern 
Iaplan~ 

Ultrs 	 1cs 

Gabbros _nd Da~eritea 

li' Willa t! llama (1950) 
1!0 ble s.sa 

Rankama 	& Samms (1950) 
?able 34 . 3 

P.ank&ma 	 (!, Sa~m (1950) 
.., ble .34.3 

Rallkama "' h&ma (3.950) 
Table 34. 2 

l\ rl:all'l3 ~.aha~r. (1950) 
Table )4.2 

R nlw~ Saborrtt (1950) 
T bl 3/u2 

F.anknM &. • mrno {1950) 
'l' ble 34.2 

:r~nla'ma &: ;;;aham (1950) 
Table .3iu2 

~. fU· Aut· 

rl'D tr tr 

~lD ND Nl) 

m tr tJ' 

0 

3-10 

0 

2.4 

790 
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V :rr COWLU§IQB 

l. 	 The sp otrographio method clovelop d for enarqsie of oarbomte pro... 

vid o ti f. otory ·ecUl"Scy and precision for th 1nt 

ot results. 

'l'hr e genot1c :o:ooup ot carbonates studied show an inoreaae in MD, 

Fe, Sr, Ba, a, and fb and da~rease 1n U and S1 trom Palaeozoic 

limestones through Precambrian . rble to Grenv!U Lene and Vein 

c rbo tea. The higheat average vslue of Mt conc~ntr t1on 1 

fo-= in rbomtes of Precambrian marbles, vhUe the average 

wlue or Ti dco.t'$8ael3 from l1umstonae til oorblea md then slightq 

imr asea in tens and Vein otu:·bonates. Sr.3all ai»Unts or Cr nd 

N1 are dete4#te<l in .oed:.t.mentary carbonates, ,_ lle they are 1\bJJent 

or present 1n tM amounts below the ll.m.1t o£ l.culetion of ttl$ 

tbod n me mrphic carbomtee. No deteoteblo :mounts of V am 
values of 4gb lov the Umit o£ calculation re deteoted in ll the 

oarbomtea studied. 

3. at f the m:l.mr l nts totmd in the Calbo.DQtes (~, Mn, Fe, Sr, 

, Pb) app r to be pres. nt in the latt1oe tructure ot the car• 

bonates subutttutin on the oal<:ium sites. Al, B, Si, a.Dd '1'1 a:r 

proba~ l4catod in interetructural epao of th ca:rbomte lattice 

either s ions in structural voids or a dispGr ed pba e of their 

components placed 1n structural imperfection. Distribution of Cr 

and N1 is probabq connected with the impurities in sedimentaey 

carbomt s. 
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NU!11ber 

H•30 

H•l3 

U-6-2 

U-6..-9 

U•G-16-6 

G1rmnel.le 

Rock Description 

Cllll.oUut1t with 
leseer fine 
caloarentte 

Fine caloerUtite 

Orinoidal/B:mbf.opod
caloarenite 

Crino1 3 l/Brab1opod 
oal®.renite 

Pert of GirvaneUa 
skeleton 

C8lcUut1to with 
tine kel.etal detn'io 
rca~ arl.no1dal 

Fine oaloarenite 

Crim1dal. coeree 
e&lcartm1te 

Med1um•gra1ned
oolite with n»derate 
tU!M>tmt of skeletal 
grains nd skeletal 
nuclei 

!B! 

Or&>v!cien Bleok 
Rive:ll' Owup 

., 

.. 

ft 

n 

n 

tlevonian,PalliSErr 
:rormtton 

Mise1ss.1~1an, 
nun<UG Oroup 

" 

IDeality 

Southern 
Ontario 

It 

It 

It 

.. 

'II 

South•ve tOl"Tl 
r~l~ 

'' 

Collector 


J.W.Beals 


.. 

ft 

n 

.. 


II 
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http:G1rmnel.le


fiumber 
Miami 
Oolite 

M- 6116a 

PC-187 

PC -189 

44-1941 

Sarooles local i 1:Y_ (cor:tg,J 

fiqck Dencription Age 
Medium-grained Recent 
oolite with uar 2 

gr in nuclei 

Spi rifer 	 Devonian 

Crystalline calcite Silurian, 
from Vog in dolom- Irondequait 
i tic Limestone 

Graphitic marble 	 Precambrian, 
Grenville 

Chafl..drodite marble 

~~rble containing 
pyrite headra. 

flWhite rrarble 

" 
 rt 	 n 


ftCrystalline limestone 

Foraterite- chon• 
drodite mar ble 

ItSilicate marble 

94 

!pqalitl Collector 
Miami, 
Florida, U. S.A. F. VI. Beals 

Arcona, 
Ontario 

Clappison Cut , R.V. Eest 

Hamilton, 

Ontari o 


Lot, Range DC, D. M.Shaw 

Grand Calumet 

Twp. ,Quebec 


Boundary be- H.S. Armstr ong 

tw3en l.Dts 1.3
llHCon.XIV, t.fon• 

xoouth Twp . , Ont . 


Road out near n 

Wilbermere 

Lake,!Dt28, Con. 

XI,M::>nmout h 

Twp., Ontar io . 


Lot Jl, Con.XI, J .Satterley 

Car diff Tvp. , 

Ont. 


nBoleurder 
Quarry, !Db 22• 
Con. IV,Gui rd 
Twp. , Ont . 

Seuguin Rivor , " Lot 9, Con. Xl, 

Christie Twp . 

Ont . 


tot 9, Con.xr. If 


Christie Twp . 

Ont . 


Farmers Rapids, D. Shaw 

HullTwp. 

Quebec 


807 

http:Jl,Con.XI


\ 
'\ 95 

I 

\ 

·, 
I 

I 

.rbl U>t 3l Rs \ 

l, L1tchtield '. 

1\lp.,
/ \

!» Ute p1 , 
:rot 2?-~.ecm•. 
tv,Gl.a rg h 
Twp•• ant. 

Pink t- _ t l· • 
\lith &p!)t•t• 

Pinko r'bo ?~llomld Quan'7 
v.tth qt.l!lrt 	 f ' r.,t ill • 

Ont, 

A-4 Pa.nk c rbo te ~tll 
·ry l o£ 
to 

• Pink ot. tr-o I'· 
;r e • bonate 


• Wbt e ct. s.s in hf• 

!a .lao 


gh ,.,.t 
ot Go . erha , 

t 22,Con.Vl, 
Clcoore•n Twp. • 

it. 

C lOS , o. rV'1 . sh crw 

n • •• 

8Q 7 
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Samples Locality ( <"£..ni.c!J. 

r!Ymb&r Rook Desori~tion w ~oalitz Collector 

ON•6 Pink calcite Precambrian Lot lJ,Con.XVI D. M.Shaw 
Grenville M:>nmouth Twp. 

Ont. 

ON•l5 Pink calcite 1t 	 lot J4 ,Con.XIV " 1-bnmouth Twp. 
Ont . 

ON- 26 Pink calcite 	 Pits in ll" 

Essonville 
granite, lot 17 
Con.XII 
Monmouth Twp. 
Ont . 

ON-.3011. Coarse erain n 	 Richardson " ON-JOB l-Iedium grain 	 (Fussion) 
ON-JCXJ Fino grain Hine,IDt 4-6 

White calcite from Con.XXI, Card
calcite-fluorite- iff' Twp. Ont . 
apatite gneiss 

ON-tJl Pink calcite and IDt 17,con.V!, 
apatite Qlamorgan Twp. 

Ont . 

ON- .39 Pink calcite If 	 Camex radio• 
ootive proper• 
ty, Lot 6,0on. 
n,tt>nmouth 
Twp. Ont . 
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