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SUMMARY OF RESULTS

A study of a group of seven carbonate mineral samples
from the Wabush Lake area of Labrador has been conducted using
differential thermal analysis, thermogravimetric analysis, X-ray
diffraction and petrographic microscopigal procedures. It has been
found possible to determine the proportions of calcium, magnesium,
iron and manganese carbonates present and to deduce a consistent
assessment of their combination to form the various possible carbonate
minerals, Certain accessory mineralé, principally a varying amouﬁt of
quartz, were also identified as being present; This work was doﬁe on
behalf of a Post~doctorate Fellow attached to the Geological Survey of

Canada,

ek

% -
Head and  Senior Technician, respectively, Physical Chemistry Section,
Mineral Sciences Division, Mines Branch, Department of Mines and
Technical Surveys, Ottawa, Canada.
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INTRODUCTION

At the end of 1961, a request was received from the Geological
Survey of Canada for an examination in the Mineral Sciences Division,
Mines Branch, of a group of carbonate minerals from the Wabush Lake
area of Labrador, The scientists concerned with this work were
Dr. K.L, Chakraborty, an. No.R.C. Post-doctorate Research Fellow from
India, and Dr. G.A., Gross of the Economic Geology Division. This
" request is given as Appendix I to this report (see page 29}, In January,
1962 it was agreed to undertake this work (see Appendix II, page 30},

‘Insofar as the Mineral Sciences Division of the Mines Branch
was concerned, the larger part of the work, involving differential thermal
analysis, thermogravimetric analysis and X~ray diffraction examination
of the materials, was undertaken in the Physical Chemistry Section.-
Semi-quantitative emission spectrographic results were produced in the
Spectrographic Laboratory, Analytical Chemistry Subdivision.,

Dr. Chakraborty himself supplied the results of a petrographic microscope
study of the minerals concerned.

This report contains details of the results obtained in these
various-locations by the above~mentioned techniques. Although the
-original request mentioned ten samples, only seven were, in fact, supplied
and examined:

EXPERIMENTAL TECHNIQUES

The techniques employed in the Physical Chemistry Section
in this investigation were three~fold, namely; differential thermal analysis
(DTA), thermogravimetric analysis (TGA), and X-ray diffraction
examination (XRD}. Brief details concerning these three techniques, which
are all standardized procedures, are given below,

(a) Differential Thermal Analysis

The technique of DTA is well-known and need not be described
in detail here. In the current tests, the heating rate was 12 deg C per min.
The samples were heated 'in a palladium sample holder, against alumina
as the standard reference material, Pt to Pt:13% Rh thermocouples were
used to measure the sample and differential temperatures, Experiments



-were made in air and in flushlng CO

atmospheres from room temperature
up to llOO C- 1200 C, :

2.

(b) The rmograwmetrlc Anal‘ysis

- The thermogravimetric analyses were conducted in a Stanton _
Recording Thermobalance, The heating rate was approxunately 385 deg C
per hr and the tests were made in CO_, and occastonally in air, from
room- temperature up to 1000° [of8 llOO;C The’ sample welghts were -
determined ' directly on an analyt1cal balance, _both before and after the .
experlments, as a check on the thermobalance readlngs. ' ‘

(c) Xuray ,Diffraction

The samples, as recelved, were submltted to the standard
procedures of X-ray diffraction examination. Solid rolllngs of the’ powders
were examined using filtered CuK radiation in 57. 3 mm Debye Scherrer
powder cameras. Thé resulting patterns were’ measured and’ 1dent1f1ed _
as far as possible, by comparison with the data pubhshed in the X- ~ray - ,
Powder Data File issued by the Amerlcan Society for Te st1ng and Maternals,, ) ' d
or with standard: patterns in the possession of the Physxcal Chemlstry '

Section. ' :

' : . : . S .

In Lnterpretlng X ~Tay d1ffractlon patterns, the followxng
limitations of the technique must be borne in mind. Crystalllne constituents
that are present in quantity less than about 5% of the total will probably '
not be detected, and those less than about 2% will almost certainly not be
detected. Any amorphous material present cannot be identified, and even
its presence can be detected only when a substantial amount occurs.

In this 1nvest1gatlon, the relat1ve abundance of- the constituents present was
assessed merely on the basis of the relative strengths of their diffraction
patterns and, hence, this information should be considered as an
a‘pprox‘imation only. The strength of the diffraction pattern is, in fact,
dependent not only' on the abundance of the material giving rise to it,

but also on the crystalhne symmetry of the materlals, thelr degree of ,

" crystallinity, and the chemical nature- -of the atoms present Compounds

of high symmetry give patterns: conta1n1ng relatlvely few,’ but intense, _
~diffractions, while those of low symmetry give numerous weaker dlffractlonso
Patterns of well-crystallized materials consist of sharp, well~ defined o
lines, while those of poorly-crystallized materials consist of broad, diffuse . -
lines. Compounds of heavy atoms tend to give stronger patterns, other
things belng equal than do compounds of llghter elementsa



In the problem that forms the subject of the present report,
there is, in addition, another factor that must be borne in mind in
interfpreting' the X-ray diffraction patterns, In the case of the various
mineral carbonates that could occur in the present samples, widespread
solid solubility can occur between certain of the various possible end-
members, giving X-ray diffraction patterns that cannot be specifically and
exactly identified, The carbonates involved are calcite (CaCO3), magnesite
(MgCO3), siderite (FeCO3) and rhodocrosite (MpCO3}., Certain more or
less stoichiometric compounds are known, involving two or more of these
carbonates, e.g., dolomite [ CaMg(CO3); ], and ankerite [CaFe(CO3),].

These single earbonates, the stoichiometric double carbonate
compounds, and solid solutions between two or more of the single
carbonates, where such are possible, all give somewhat similar X-ray
diffraction patterns. Hence, the interpretation may be difficult and some
of the results open to ambiguity. However, comparison with patterns
from known materials was of considerable assistance in identifying the
present materials.

(d) Spectrographic Analysis

The samples were examined by semi-quantitative emission
spectrography for the commoner cations and silicon. This work was
conducted in the Spectrographic Section, Analytical Ch'emistry~ Subdivision,
Mineral Sciences Division, Mines Branch,

(e} Microscope Study

This was made by Dr, K,L. Chakraborty in the laboratories
of the Geological Survey. He used thin sections of the various minerals
concerned and also crushed material of various particle sizes, The thin
sections were examined for colour and the presence of inclusions. The
optic sign and refractive indices of the main carbonate minerals were
determined and comments made on the various subsidiary minerals
associated with the carbonates. The results of this study have been
included in this report for the sake of completeness, although the authors
had no part in the production of them, The findings were accepted exactly
as supplied by Dr, Chakraborty. Their significance in relation to the
findings by the other techniques is, however, considered in the section
dealing with the discussion of the results (see pages 21 to 28}.



" EXPERIMENTAL RESULTS

The results of the optlcal examtnatton of the mlnerals by S
Dr, K. L Chakraborty are gwen in Table i, '

‘ ‘The results of the sem1 quantxtatwe em1ss1on spectrographnc
examlnatlon of the samples are glven in Table 2. '

The results of the X ~ray’ dtffractton examnnatlon of the samples
- are glven in Table 3. '

The results of the analysts of the thermograwmetrlc traces of
the samples, when exammed in a flushlng CO atmosphere, are’ glven '
in Table 4, Sample W5 was the’ only sample examined in air by this.
techmque, no additional lnformatton was obtalnable from tths examm.atz.onD .
hence, the results- reported are excluswely those obtalned i carbon -

' dioxide. Attention is drawn to the footnote to Table 4, which explains -

the basis on which the various weight losses due to CO evolution have’ », / o
‘been converted into carbonate contents in the sample ‘as’ recelvede v

. A typical thermogram is . shown in Flgure 1 to indicate the type of result

obtained by this technique.  The thermograms of all%the other samples o ' ki
exhibited the same types of characterxstlc weight changes, varymg in '
magnitude accord1ng to the amounts of the 1nd1v1dual carbonates present.,



TABLE 1

Optical Examination of Wabush Lake Carbonate Minerals

(Results of tests made by Dr. K.L, Chakraborty, G.5.C.J.

Sample Colour in Refractive Index . Mineral ‘
No. Thin Section Inclusions at 25°C Optic Sign Associationr™-
Along ordinary ray)
W5 Colourless. Few grains have
Transparent . dusty inclusions N = 1.795 Uniaxial Quartz.
of iron oxide. ° negative
W6 Colourless,
Transparent . Nil N0 = 1,710 Uniaxial Quartz.
negative :
60-GF-55 [Colourless., Grains frequently :
Transparent, have dusty N0 = 1,755 Uniaxial Quartz.
inclusions of negative
magnetite,
60-GF-62 |Colourless, Quartz,
Transparent, Nil N_> 1.80(?} Uniaxial Amphibole ().
negative Chlorite (?].
60-GF-65 |Colourless. - Quartz.
Transparent, Nil N0 = 1,676 Uniaxial Second variety of transparent
negative carbonate with R,.I, less
than that of bulk, ¥ew grains
of tremolite (?]}. o
60-GF-66A Colourless, '
Transparent. Nil N = 1,715 Uniaxial ‘Quartz,
: ° negative Chlorite (?].
60-GF-66BGreyish. Grains sometimes " Quartz.
Transparent., | have dusty N0 > 1.80 Uniaxial Second variety of transparent
Absorption inclusions of fine negative carbonate with R.1.<C 1,70,
pleochroism grains of Chlorite (2},
visible in~ magnetite. :
thick grains,

-
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TABLE 2

Semi-Quantitative Spectrographic Analyses of Wabush’

Lake Carbonate Mlnerals*

(Flgures are in’ Welght per cent)

Elements

Sample No, | oPeCe Babel . : . — b'

. . ) No,  Si-|Mn| Fe | Mg | Al. |Ca ,Cu_' Tl ‘N.1 Be Co
W5, s'83 10 "'0.71 9 | 3 |o.03] 3 o;oo% 0.7903-‘ ’o.';oo’s ‘Tr‘ N,D.|
we ssd | 6lo.7| 8 | 4 0.004 9 [0.002 | N.D.| Tr |N.D.|N.D.

60-GF-55 ses | 3|2 |9 |8 |o.01]e6 b'_.'oo'3 Tr | N.D.|N.D.| Tr

 60-GF-62 sge | 3.1 |pc| 4 |0.080.600.003| Tr | Tx |N.D.|N.D.
60~GF-65 s87 | 3. oy.fi 0.6 | 7 6,.0_1"13‘.c.o'.qo>,2 N.D. N.D.|N.D.|N.D.
60-GF-66A|  S88 | 9 2 2 | 3 “0.67\“‘: 5 o;ooé, Tr | Tr N.D.|N.D.

60-GF-66B | s89 |P.C.jo.4fo.8 | 1 0.2 | 3 |o.002 N.D.| 0.008 0.01 | N.D,

% . . : o . . ’ . : .
Information taKen from Mineral Sciences Divisional Report MS-AC-62-176,".
- incorporating Spectrographic Laboratory Report SL-62~029.by Miss E.M, Kranck,

The fol.lowmg abbrev1at10ns are used'in the above table. :
= trace, P.C. = prmc1pal constituent, N, De = none detectable.

Tr




TABLE 3

o

Results of X-ray Diffraction Examination of

Wabush Liake Carbonate. Minerals

Constituents Identified

S le No Me'sh |
amp-:e ° (as supplied) Major Minor Trace Small Trace!
W5 Siderite (FeCOS) Dolomite
- Quartz (SiO.) [CaMg(CO ) - )
2 | 3'2
Weé -80+100 Dolomite Quartz Siderite -
' Dolomite Quartz
60-GF-55 -80+100 Siderite (small minor) - -
60-GF-62 -80+100 ‘Siderite - Quartz i -
‘ Dolomite Quartz
60-GF 65 ~80+100 Calcite (CaCO,) | (small minor) - -
60-GF-66A | ;' ~100+150 Quartz Dolomite - Siderite
60-GF~66B | -100+150  |Quartz - Dolomite -

]

Examinations made By Mr. J.F. Rowland and Mr., E.J. Murray, Physlcal
Chemistry Section,




_ TABLE 4

Analysis of Thermbgi‘avitﬁetric Results on

Wabush Lake Carbonates

I (Szﬁnpiea examined in flushing COZ atmosphere}.

’

Total % Welght

% Ml;{eral Carbonate

-|Total Percentage Carbonate

Sample Temperature % Change in Welght
No., Range (- = loss; - Change to Cauging I__.oases* in Sample
(°C) + = gain) Maximum Temp. B -
RT-540 SR } (Fe, Mn)CO,, _*
w5 540675 - -15.4 J o = a0 §
675-805 -0.1 E . } _‘.,Mgco3 ’
805-861 2.1 -19.1 = 4.2 48,4
861-885 0 ' - ‘
" EB5-940 1.4 Caco,= 3.2
940-1150 +0.1 - L - .
_ RT-550 0.1 } . (Fe,Mn)CO,
we 550-700 -17,2 ) = 45,0
700-800 0 -30.6 R 73.8
800-880 -5.9 ) MgCO =11.3,
880-950 -7.7 CaCOy'= 17.5
950-1070 +0.1 . : -
RT-515 0 -
60-GF-55 515-720 -30.2 , . : (Fe,’Mn)CfOV3 = 7‘)_.4/, S
720-820 0 . =376 . 95.7
820-885 -2.8 o C MgCO = 5.4
885-955 -4.8 _CaC03_f 10.9 . )
955-1050 10,2 : - ‘ '
RT-491 .0 . _
60-GF-62 491645 -32.0 319 (Fe, MulCO, = 84,1 B4
645-930 40,1 ;-
. RT-630 - -0.1 " (Fe;Mn)CO, = 0,3
60-GF-65 630-800 -10.0 } MgCo, )
’ 800-880 -1.0.° <39.3 ) = 21.i 85,5
880-994 -28,1 - } CaCo, ' :
994-1055 ! -0.1 = 64.1
1055-1140 0 -
RT-590 0 . - )
60-GF-66A 590-740 -7.5 v {Fe,Mn)CO, = 19.7|  ~
740-825 -0.1 S -13.5 } MgCO
825-880 -1.4 . CE 2,7 - 32.6
880-923 -4.5 : €aco, =10.2
923-1000 0 -
‘ RT-655 -0.1 ) (Fe, Mn)CO }
60-GF-66B | .655-720 -2.5 , } ="6.8 -
' 720-810 0 - 5.0 - 11.9
810-870 -0.9 MgCO, = 1.7
870-940 1.5 CaCO, =3.4
940-1025 . 0 -
Notes:- RT = Room tcmperature

In calculal:mg the percentages of FeC03 MnC03 and total carbonates, the FeCO, and MnCO have been’ comblned
since they cannot be resolved thermogravimetrically, It has also been aaaumed that the il‘e ‘Mn ratio is 5:1

-on an atomic basis.” This figure will not be strictly true in any individual case,

but no serious crror will have

been introduced since the molecuiar weights of FeCO, and MnCO,, are extremely ciose, 115,86 and 114.95
regpectively, The figures given for the individual carbonates carry no implication as to how the carbonates
may bc combined crystallographlcally into such mmerals as dolomite, : ankerlte, etc.

s
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A summary of the nature and locatxons of the varlous peaks
observed in the DTA studies of thes€ minerals is given in Table 5 ~which -~
includes mforrnatmn on the tests conducted both in aLr and m carbon
dloxtde. ' o ‘

At the end of each DTA test, the product after firing was _
examined for colour, degree of sintering, development of ferromagnetic
behavxour and any other slgmflcant thSICal propertles. The results of
these exarnmattons are gtven in Table 6 : ’

o mterpretmg the results of the DTA examlnatlon of . carbonate

' rnmerals, the tests conducted in.CO, are generally more. fruxtful since -

this procedure teunds to. segregate the peaks caused by the various . -
carbonates from one another, and also to sharpen their form constderablyo

A Hence, only the DTA charts of experiments conducted in co have been .
reproduced as flgures m. this report. Thus, Flgures 2to 8 mcluslve are
reduced slze reproductlons of these charts,’ one for each sample examlnedg
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TABLE 5

DTA Observations with Wabush Lake Carbonate Minerals

(+ = exothermic peak; - = endothermic peak].

Sample Atmosphere Peak Observations

No. . Unit " Temperature Size Thermal Comments
' (°C} Sign ,
N Testl | Test?2
) — _—
w5 Aiy © o572 | "573 | Moderate - Very sharp.
599 613 | Small + .
621 | 635 |. Large - - ) .
650 ] 657 Very large + Very sharp.
865 H 809 Moderate - -
ool 876 859 | Fairlylarge | - L ..
COZ 573-9 Small - Very sharp.
630 Large -
675 Moderate - . .
. 8563 Moderate - ~ Shoulder at 861 °C.
920 “Large - Very sharp.
962 Small - +
Wwé Air 573-574 Small - "Very sharp.
660-673 Small - Broad.
691710 Small + Broad,
799-806 Large - Extremely sharp.
810-821 Moderate o+ Extremely sharp,
o : 842-858 Moderate - Rather broad.
~~~~~ 900—934________ Very large -
COZ 578 Small . - . Very sharp.
608 Moderate - Shoulder at 620°C,
692 Large -
760 Very small -
859 Large -
935 - Very large -
970 Small -
60-G¥-55 Air 575 ’ Very small - Sharp.
635 Very small -
672 Large -
709 Moderate -
733 Moderate +
808 Moderate -
903 Very large R
COZA T 576 Very small - Sharp.
667 Very large - Broad.
853 . Moderate -
926 Very large C- Sharp, with small
. : shoulder at 907°C.
990 Moderate +
60-GF-62 Air 537 ' Small - Sharp.
637 Very large -
701 Very large +
841 1 Very small + Sharp.,
i odoB9s o osmau | o Bréad. ..l
GO2 507 Small -
. 637 Extremely -
large )
830 Very small -
858 Very small -

907 Small - Sharp.

(Continued)




TABLE 5 (Concluded)

C-12-c

Atmosphere "

:Peak Obs'erv‘ations'

Sample . . S - E
No. Unit. " Temperature Size * . Thermal Comments
- I (°cj . Sign . o
60-GF-65. ‘Atr 573 . Very small. - . Sharpi’
' 780. " Large: - . :
967 - Extremely -
: Jodaree el ]
COZ ‘ 580 , - ‘Very small . - Sharp.
773-793 Large - Broad,
. 994 o Extremely -
s large’
60-GF-66A Air 574 . . Moderate - . Very sharp.,
: . C . 680 " Very sinall - -Broad, -~
709 Very small’ Broad.,
773" Large - Very sharp. -
791 " ‘Moderate - . o
) ‘880 ~ . | Large:® - | - - Shoulder at 912°C,
COZ 576 " Moderate - - Very. sharp,
679 Small - T . o
740 Large : - Shoulder at 718°C,
<0799 Small . - : ; o
844-860- Small - Double-headed peak.
942 Large - Very sharp, with
L o shoulder at 923°C,
60-GF-~66B Air - BT7 Moderate - Very sharp,
. 801 - Large ' - 'Extremely sharp.
848 Moderate - Shoulders at 858°C
RN S SO o e fcmenie il 20d 881°C,
co, . 576 Moderate’ - Very sharp, .
754 Large - - - ST
7173 .Small - Sharp. . )
838 Small ~ Broad. .- -
934 Large - Sharp._ o '
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TABLE 6

Physical Prope;'ties of Wabush Lake Minerals after
" Thermal Treatment in DTA Examination

Sample Heated in Air Heated in COp Ahnospﬁere .
No. Maximum Appearance and Properties Maximum Appearance and Propertie
Temp, (°C) Temp.(°C)
w5 Medium brown colout, - Medium brown colour,
1100 Not sintered, 1105 _ Not sintered.
' Moderately magnetic, Very magnetic,
: N\
w6 Dark brown colour, ,3) Datk brown colour.,
1030 Not sintered, . 1100 Not sintered,
Considerable expansion. ’ No expansion.
N ______{ ___Moderately m,a_g_n_e_t_ig:__'__ Moderately magnetic.
1165 Ditto; slightly sintered.
]
60-GF-55 - Dark brownish-black Dark brownish~black colour.’
colour. 1180 Not sintered.
1130 Not sintered. Very magnetic,
Very magretic.
60-GF-62 Dark purplish-brown Dark purplish-brown
colour, colour.
1115 " Slightly sintered. 1085 Slightly sintered.
- Very magnetic., Very magnetic,
60-GF-65 Medium greyish-brown Medium greyish-brow
colour. o . colour. '
1150 Slightly sintered, 1130 Slightly- sintered,
Non-magnetic. Slight trace of magnetism.
60-GF-66A Dark grey colour. i : Dark grey colour,
1100 Not sintered. 1065 Not sintered.
Slightly magnetic, .Slightly magnetic,
60-GF-66B Greyish-brown colour. Greyish-brown colour,
1110 Not sintered. 1065 Not sintered.
Slightly magnetic, Slightly magnetic.
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DISCUSSION OF RESULTS

The purpose of this discussion will be to correlate the experimental -
results obtained by the various techniques and reported in Tables 1 to 6
inclusive, in an attempt to arrive at a mineralogical composition of the
various samples submitted, at least on a semi-~quantitative basis, but
preferably on a fully quantitative basis.

The thermogravimetric results reported in Table 4 give a
reasonably quantitative estimate of the amounts of CaCO3, MgCO3 and
(Fe,Mn)CO3 present in the various samples, since the weight losses
occurring in the temperature range 870°C and upwards will be due to the
presence of CaCO3, those in the range 630°C to 880°C will be due to the
presence of MgCO3 and those in the range 490°C to 740°C will be due to
the presence of (Fe,Mn)CO3. It will be observed that there is a certain
amount of overlap in the temperature ranges quoted, This is caused by the
wide variations in relative amounts of the carbonates present from sample
to sample and, perhaps more important, by a variation in the way the
various carbonates can occur, e.g., MgCO3 can be present as free
magnesite, as dolomite, or as a magnesitic ankerite; FeCO3 can be present
as siderite, or as ankerite, and so on. The nature of the occurrence
controls the temperature of the liberation of the CO3. Thus the thermo-
gravimetric results, while giving valid information on the gross amounts
of the various carbonates present, do not solve the problem of their
mineralogical distribution,

Similarly, a study of the refractive indices reported in Table 1
may, in some instances, give an indication of the nature of the main
carbonate mineral in each sample., The figures given in this Table are the
values of one of the two refractive indices of the predominant carbonate
material present, All the possible carbonate minerals have the same
general optical properties, and the refractive indices will vary continuously
as one goes from any one end-member to any other, across a solid-solution
series. In the case of a binary solid~solution series, the value of the
refractive index would be sufficient data to enable the precise composition
of the material concerned to be deduced. If, however, as is the case with
most of the present materials, three or more carbonates may be involved
in any ohe mineral species, then the refractive index data alone do not
permit an unequivocal identification of the mineral, since the problem of
identification is mathematically indeterminate. However, in those cases
where the index is near the extreme end of the possible range for carbonate
minerals, a reasonably certain identification becomes possible, Similarly, -
if one takes into account information obtainable from any other source that
yields an additional parameter whereby the material may be assessed, then
the refractive index data do become useful as a means of identification.

Table 7 gives the refractive indices of certain typical carbonate
minerals, as taken from a standard reference.
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TABLE7

Refractlve Indlces of Carbonate Minerals

(Data taken from "The Mlcroscopm Determmau.on of the
Non-Opaque Minerals™, U,S. Geological Survey Bulletin # 84-8
pubhshed in 1934 by E, S Larsen and H, Berman). '

Composition in mol, per cent - Refractive Index |  Name

(CaCO, | MgCO, | FeCOy 1| "MnCO, | Ny

100 - e L wess | calelte
50 | s0 S - l.e81 " : D‘folornite”v-
55 | 37 | 10 | - | 1698 . | Ackerite
52 26 | 22 - B R S T I R
48 | s | s L 1749 | "o
- T T T I O (T Magnesite:

- KT U T- T A S 0 Y S RS
s | - | - | e | aam | ow |
- - - -l 10 | 1.7 | Rhodocrosite
2 23 73 2 | 1.830 Siderite
S 2 R ¥ R I TN TS WY YO N BN

5 | 5 | 9 [ - o 15 | ow
S T N A X1 - S

Note: Smlthsomte, the natural :forrn of zinc. carbonate has & refractlve
' index (N } of 1.849; however, the spectrographlc analyses
given in Table 2 do not indicate the presence of-any SLgmflcant
amount of Zn; hence this mineral will be 1gnored in further '
dlscussmn of the present samples, - Co

»
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By comparing the data in Table 7 with those given in Table 1,
one can readily see in what range of composition the minerals giving the
figures of Table 1 may lie in most instances. As mentioned above,
however, the answer may be far from unequivocal. For example, a
siderite with significant Ca or Mg substituion could readily have the same
refractive index as a rhodocrosite (MnCO3); similarly, if magnesite
(MgCO3) will tolerate a small degree of lime substitution, the resultant .
material could readily be confused with an ankerite (essentially
CaCO3.FeCO3) insofar as refractive index data are concerned. Never-
theless, one can hazard a reasonable suggestion as to the main carbonate
mineral in each specimen from these refractive index figures thus:

Sample W 5: Probably siderite

Sample W 6: Probably ankerite

Sample 60~GF-55: " Probably ankerite and/or siderite
Sample 60-GF-62: Siderite

Sample 60-GF-65: Dolomite

Sample 60-GF--66A: Probably ankerite

Sample 60-GF-66B: Probably siderite

A study of the results obtained by semi-quantitative spectro-
graphic analysis, as reported in Table 2, yields further information. In
particular, there is a good indication from the percentage of Si of the
amount of quartz present in each sample. This is supported strongly by

(a) the X-ray diffraction results given in Table 3, and

(b} the magnitude of the endothermic a—3f quartz inversion
DTA peak for the various samples, as reported in Table 5;
this peak is recorded at temperatures in the range
572°-580°C.

From these considerations it would app‘ear that Samples 66B, 66A and W 5
contain more quartz than the remaining materials, with 66B having the
largest amount of all,

A consideration of the X-ray diffraction results reported in
Table 3 also gives a qualitative guide as to the nature and abundances of the
various minerals present. Again, as already pointed out on pages 2-3, it
is not possible to be certain that the indication is absolutely correct, either
as to relative abundance or even as to chemical identity. This is
particularly true in the case of the minerals dolomite and ankerite, which
are virtually indistinguishable by X-ray means.

It is from the DTA results that one gets the most useful
information as to the actual nature of the minerals present and, when
combined with the data from the TGA work, the true composition of the
minerals can be deduced. '
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As already mentioned, the endothermic peak at about 573° C ,
is due to the a—>fB inversion occurrlng in free quartz. The magmtude B
of this peak parallels closely the percentage of Sl., as’ 1nd1cated by the ;
spectrographxc results. / : : : L, , Co

Th'e-thermal decompositionof carbonate minerals has been . .

- studied extensively through use of the DTA technique by J, Lawrence Kulp,

" Paul F, Kerr and their co~workers at Columbia University," New York {1, 2 3).
From their work, it can be seen that the approx1mate temperatures
associated with the endothermic loss of CO_from the various slngle mineral
‘carbonates encountered tn the present samp es are as follows. ' :

' _980 C;
685°C;

Calcite (Ca_CO 3) ,

Magnesite (MgCO3),
Dolomite lEIaMg(COj) z] ,
Siderite (FeCO3},- - 580°C, followed by an exothermic peak
: when examlned under ox1d1z1ng
cond1tlons,

two peaks at 7.90“"‘0' and 940°C;

' Rhodocro'slte"(lvlnCOé’),. 630°C, followed by an exothermlc peak )
B S ' when examined under oxidizing
condltlons,

. Ankerite [CaFe(COﬁéI - three peaks at 700°C, 84:0 C, and
. 910°C to 950 C.

The posxtxons of these DTA pealcs are, - hOWever, affected to a
consxderable extent by a) the presence of impurities, inert or otherw1se,
b} the state of division of the mineral, c) the precise experlmenta‘l
conditions of examination, d) the nature of the atmosphere under whlch
- the test is conducted, whether in air or in carbon.dioxide, and e}, ‘of course,
 the extent of mutual substitution of the various metal ions involveds
According to Kulp et al,, complete ionic substitution appears to occur ‘
between the pairs Ca-Mn and Fe-Mg, whereas between Ca-~-Mg and Ca-Fe,
however, the amount of substitution in a ca101te ~-type lattice is very limited,
Complete substitution between Fe and Mn, and between Mg and Mn appears
possible, but is not completely represented in’ naturally occurrlng carbonate
minerals, - - S ‘ :

In addition to the"corn’plexitl'es arising from the presence of
several mineral species, and from the pos s1b111ty of extensive inter-ionic
_substitution, one has also to allow for the interaction of‘the products of
decomposnlon of the various species.,: For example; under ox1d1z1ng
conditions, -the iron carbonates" can be expected to yield hematlte, Fe O,
and/or magnetite, depending upon the oxygen partial pressure and the -
temperature. The magnes ium carbonate would yield MgO Interaction

3

' »
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might then occur-between MgO and Fe O, to form MgQ.Fe203, magnesiow
ferrite; this, in turn, could go into solid solution in the magnetite to give

a complex spinel solid~solution product. In addition, manganese, which is
present in some samples in reasonably significant quantity, can also enter
this spinel phase. Again, a further complication that has to be taken '
into account is the possibility of the formation of y-hematite or maghemite,
It has recently been shown by G.H,. Hickie (4) that when ferrous oxalate-
dihydrate is heated in air, the intermediate product of the decomposition is
y-hematite and that, on further heating, an exothermic reaction occurs,
which is'the conversion of y-hematite to a-hematite. It is not at all
unreasonable to expect that the ferrous carbonate (or siderite) decomposition
would follow a similar pattern under oxidizing conditions. The temperatures
of the reactions, however, would probably be markedly higher since the
endothermic loss of CO_ from FeCO, occurs at approximately 600°C,
whereas the endothermic loss of CO and CO_ from the oxalate occurs in

the region of 400°C. If y-hematite is formeza, ‘it, too, can enter into the
complex spinel phase since it has a defect spinel structure. This, however,
may be only a temporary state of affairs since, at higher temperatures, it
might revert to the a-form, which is hexagonal and could not form part of
the spinel phase.

Another observation made by Kulp, Kerr, et al., which may
well be relevant to the present problem concerns the decomposition of
ankerite, Ankerite is essentially a calcium-ferrous iron carbonate
in which the ferrous iron is generally substituted by a certain amount of
magnesium in such a way that the number of magnesium ions plus the
number of ferrous ions is equal to the number of calcium ions. The
decomposition of ankerite shows three endothermic stages, The first of
these peaks is due to the decomposition of the carbonate ions rost closely
associated with the-magnesium and iron positions. The products after
this first stage are calcite (CaCO3§, MgO, and maghemite, the last being
formed from FeO under oxidizing conditions. The magnitude of the second
endothermic stage has been found to increase with the degree of iron
substitution in the magnesium positions. It might be expected that this
second endothermic peak was due to the formation of magnesio-ferrite,
MgO.Fe O, from the constituent oxides. A consultation of tables of
thermodynamic data will show that the formation of a double oxide, such
as a spinel, from its constituent oxides is usually accompanied by a small
thermal effect, which can be either exothermic or endothermic, though
more usually the former, However, in this case, the peak does not
appear to be associated with magnesio~ferrite formation but rather, this
second endothermic peak seems, according to Kulp, Kerr et al., to be
due to the formation of a compound CaCO,.Fe O,. Experiments in our
own laboratories have shown that a mixture of finely ground hematite
and calcite in 1:1 molar ratio produced the same peak as is observed with
ankerite, and the product, when examined by X-ray diffraction, showed the
presence of a material for which no published data are available, in addition
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to re51dual hematite and calmte. ‘No c‘oncorriitantwei_ght change occurs ‘
during thlS reactlono ' S : R B

Havxng now d1scus sed the var1ous pOSSlble reactlons that could
occur in such an. assemblage ‘of natural mlneral carbonates, we have made .
an attempt to assess; from the results’ quoted earlier in this report
the ac:tual nature of the rnmerals present in the current samples.

: The results obtalned from these varlous consxderatlons,, o
‘ 1ncorporat1ng the knowledge obtalned by each of the techmques employed
are gwen m Table 8 ‘ - .

Apnrox‘ii’ns,te _Minera’log‘ical, C or_nposi_ti:on: of . .
~Wabush Lake Carbonate Samples L

Sample . SR - Api)roxiinate
No. ‘ | ~Constituents Present | amounts-: (wt. %)
w5 ' . Major: Quartz, SlO ’_ - Sl - 50 -

' '. S1der1te, (Fe Mn)CO3, .w1th Mn e S
B o content probably quite low, o 406 . -
*Minor' Dolomlte [CaMg CO )]. o '. 10
we . | ‘Majdfé Ankerlte, I:CaFe(CO3)2 35
| | S1der1te, (Fe ‘Mnj}CO _ 3 with Mn
" content quLte low. S L 25
:.Moderate. Quartz, SIO ' . 20
M_1nor:,' MagnesLte, MgCO ‘o o _ ‘:'140 ‘ _
60-GF -55" _ MaJor" SLderLte (Fe,Mn)CO w1th a |
. SR k s1gn1f1cant amount)’ of Mn o o
substxtutwn. : 60
Ankel itic Dolomlte, - ‘} ‘ ‘ _‘ o
ECa(Mg,Fe)(co )Z} o 38

. Small Minor: Quartz, SlOZ. .' SRR "5

: (‘CA ontinued)

i
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TABLE 8 (Concluded)

Sample Constituents Present Approzglmate
No. g amounts (wt. %)
60-GF-62 Major: Siderite,(Fe, Mn)CO, with
some Mn substitution. : 85
Small Minor: Quartz, SiO_, _ } 5(?}
2
60-GF-65 Major: Calcite, CaCO,. 45
Dolomite, -[CaMg(CO ) ]with
i 2
a small degree of Fe and
Mn substitution. 40
Minor: Quartz, SiOz. . 5
60-GF-66A Major: Quartz, SiOz., 50+
Minor: Ankerite, I:CaFe(COS)ZJ. 20
Dolomite, l:CaMg(COS)?]. 10
Siderite, (Fe,MnL)'CO3 with
quite considerable Mn
substitution. 5
60-GF-66B Predominant Major: Quartsz, Sioza 80-90
Small Minor: Ankerite, [CaFe(COS)Z].
Dolomite, l:CaMg(COS)Z_J. 10 (in total)

- It will be observed that, in some instances, the approximate
amounts given do not total to 100%. This is entirely reasonable since, as
indicated from the microscope observations recorded in Table 1, there are
small quantities of various accessory minerals present whose amount is
insufficient to be recorded by X~ray diffraction and whose DTA and TGA
indications are either too small to be observed or are unequivocal in
interpretation.




=28 ~ e

It w111 be seen by a comparlson of | the results quoted in "
able 8 w:.th the appearance and other physical propertiés of the fired
materials, as listed in Table 6, ‘that the extent of development of ferro~
- magnetlsm and the colour of the product are.both in good accord with- the o

- amounts of Fe present in the various samples., There is also general, L
.. though not perfect, agreement between the refractive index, mdxcatxons,,
© as ltsted on page 5, and the results quoted in’ Table 8. ‘ -

A In general, it can be stated that the results mdtcated from thegf :
findings by the various techniques employed in this mvest1gat10n are. .
reasonably self-consistent and that the mmeralogmal composﬂuon of 'i:he
varrous samples is essentz.ally as reported in Table: 8 ‘
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APPENDIX 1

MEMORANDUM. GOVERNMENT OF CANADA

TO: Dr, John Convey,"
Director, Mines Branch,

DATE: Dec, 20, 1961

Dr, K.L, Chakraborty, who is presently working in
this Branch, has submitted 10 samples for differential thermal
analyses of carbonate minerals. It would be very much appreciated.
if this work could be done in your Mineral Sciences Division.
Dr. Chakraborty has been in touch with Dr, Bright and he is willing
to do the work. He agreed to advise Dr., Chakraborty when they
are ready so that he, Dr, Chakraborty, can observe the methods
used for this work.

The samples are from the Wabush Lake area, Lébrador. ‘

(sgd.} J.M. Harrison,
Director. ‘
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APPENDIX II

Dr. J.M, Hefrison, . : .
. Director, Geological Survey of Canada.

" Dr. John Convey,
-Director, Mines Branch. .

Examination of Wabush Lake'Carbonate Minerals _ B 8 Jan, 1962

In reply to your memorandum dated December 20, 1961,
requesting differential thermal analyses of a group of Wabush Lake =
carbonate minerals on.behalf of Dr, K.,L, Chakraborty, I would state
that we are w1111ng to undertake thlS work S

. Dr. K L. Chakraborty and Dr. G.A. Gross’ recently had’
a discussion concerning these samples with Dr. N.F.H, Bright, Head,
Physmal Chemistry Section, Mineral Sciences Division, who would be’
responsible for this work. They agreéd that Dr. Bright’s group would

conduct X-ray diffraction examinations, differential thermal and thermo- o

gravimetric analyses on the seven samples provided, and'that Dr, -
Chakraborty would conduct rnmeraloglcal and optical examinations of
the materials. The results obtained in the two locations will then be
“correlated by dlscussions between the various parttes concerned, .

(sgd.) Johd Convey,
Director, Mines Branch.,




