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SUMMARY OF RESULTS

The mineralogical compositions of two samples of
oolitic iron ore from the Clear Hills area of northwestern Alberta
have been determined by utilizing the results obtained from
several techniques, including microscopy, X~ray diffraction,
chemical analysis, differential thermal and thermogravimetric
analysis. It has been found that the ore consists of a fine-grained

’ matrix consisting chiefly of a glauconitic silicate and goethite,
in which are embedded oolites and other coarse mineral grains.
The oolites, which exhibit a wide range in composition, are
estimated to comprise from 60 to 70% of the ore. -

The mineralogical composition of sample labelled NE,
which is considered to be the more representative of the deposit,
. is estimated to be as follows: goethite 53%; glauconite 19%;
gibbsite 8%; calcite 6%; quartz 5%; siderite 2%; apatite 2%;
excess water 4%; and other minerals 1%. The sample labelled
OP was found to have an essentially similar composition to that
-of sample NE.

A  Senior Scientific Officer, Mineralogy Section,
. k4 Head, Physical Chemistry Section,
AkkScientific Officer, Analytical Chemistry Section, respectively,
Mineral Sciences Division, Mines Branch, Department of
Mines and Technical Surveys, Ottawa, Canada.
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INTRODUC TION

A number of deposits of iron-rich sandstone occur
in the Clear Hills area of the Peace River district in northwestern
Alberta. According to Kidd (1), two largé deposits have been
outlined, each of which contains 500 million to. 1000 million long,
tons with a grade of about 33% iron.

In September, 1959, Mr. G.R. Heffernan of
Premier Steel Mills Limited, Edmonfon, Alberta, submitted to
the Mines Branch for beneficiation tests, two samples of iron ore
from one of these deposits. The samples were labelled NE and OiD.
In a letter to Dr. John Convey dated October 1, 1959, Mr. Héffernan
stated that one of the samples had been taken from an open pit
by a farmer, and that the other was taken by a Mr. Norman Edgar,
consultant, by a bulldozer cut through the deposit from top to

bottom. Although Mr. Heffernan made no reference to the labelling

of the samples , OP probably refers to '""open pit", and NE probably

refers to the sample taken by Mr. Norman Edgar. The latter
éample was considered by Mr. Heffernan to be more representative
of the deposit. |

The investigation covered by this report was
conducted jointly by officers of the Mineralogy, Physical Chemistry,
and Analytical Chemistry Sections of the Mineral Sciences Division,

Mines Branch. The microscopic study, X-ray diffraction analyses



and mineralbgical calculationé were done by Dr. E.H. Nickel.
. 'I'.htne the‘r'mal‘stud‘ies and sqmé of the X~ray diffriac.:t.ivon aﬁalys es
were pe:forrﬂed under the direcfion of. Dr. NFH »Brig’ht in the
| Physical_.Chemistry Section; this w_ork is described in £he A_ppendix
(see béges 24 to 41). Miss E.E. Lé}iine, assisted by some other
merﬁbers of the Analytical AChernistry Section staff, made .1.:h.e "

. chemical analyses. S :

PROCEDURE

Cons iderable difficulty wa.s"é.a‘nCOunter'ed in prepari’ng
suité,ble polished s'ec'ti(’ms from the c'>re bedagsé'of its terid‘ency-‘to |
Ci‘umble under evven slight pfes sure. A proced#r_e that pfovéd to
be satisfacfbr-y c'onsi‘sted of impregnating B.mall lumés of the ore
with bakélite iré;rnish, under vacuum. After heéf-curing the bakelite~
irnpregnatéd fragment‘s, a fla,-t surface v.vas‘slowly ground on each
of thel;r}, with furtﬁer impregnations whenever t‘;he' surface showed
signs of deteriération. ' This alternating grinding é,'nd impregnationl
.1"esu1ted in éurfa’ces suitable for poiishiﬁg. ';']:'he 6ompleted polished
sections were studied under an ore‘micrdscope to identify the |
minerals and to determine th‘ei‘r a.:ssociatio'ns .

X-ray powdér A‘diffraction; ana1y$ is was us e;‘d to
identify minerals in the sAamples and in;thve polished sections

prepared from the sé.mples .




Additional information on the composition of the
samples was provided by the thermogravimetric and differential
thermal analyses. A detailed discussion of the results and
interpretations of these analyses are given in the Appendix (pages 24
to 41).

Both samples were subjected .fo-complete chemical
analysis (see Table 1, page 6 ). These analyses were used as a
basis for calculating the mineralogic_al compositions of the samples
which are shown in Tables 2 and 3 (pages 7 and 8 ). The method
of calculation, and the reasons for the steps taken are as follows:

1) Ali the sulphur was calculated as pyrite .

(FeSz) sin.ce this was the only sulphide 'mineral recognized in the
polished sections.

2) All the PZOS was calculated as hydroxyl apatite
(10CaO. 3P205.HZO), since apatite was the only phosphate mineral
_ recognized in the ore.

3) The ferrous oxide not acgounted for as pyrite
was calculated as siderite (FeO.COZ), éince the presence of this
mineral had been established by X-ray diffraction and microscopy.
There is a possibility that some of the ferrous iron may also be
present in the glauconitic silicate, discussed below, in which case
the siderite content would be somewhat lower than that given. This
is probably not very significant, however, since the calculated

percentage of siderite in both samples is less than two per cent.



4) ’fhe co, rerﬁaining after'the siderite calculation
was calcula'ted as calcite _(CAO"COZ)_', the amount of calcite so
obtained was in ciose a‘greemenif: with that obtained fro‘m the TGA
reéﬁlts .

5) All the Fe,0, was calculated as goethite
(FeZOB.HZO), since this was the only ferric olr_.cide recognized in
polished sections and by X-ray difffaction. However, the goethite'
probabiy coﬁtains more water than that given by the étoichipmetric
formula, since this is comrﬁonly the casé in hydrated ferric oxides -
of sedimentary orig‘in.'- ' Furtherfnore, the X-ray difffadtion patterns
of the mineral are Weé.k and diffuse, which is characteriétiq of a
~ high dégree of ﬁydration.' It is probabie, therefore, that most of
lthe.water rémaining after calculation of the other mineral species,

is associated with the goethite as adsorbed or capillary water.

6) The percentage of silica as quartz was determined

~ by the Trostel and Wynne method of’differe‘ntia.l s'o.lubility;

+ 7) The remaining silica was presum'ed to be preslent
.as a silicate or silicates. Since the silicates present yi’eld. only
very diffuse X-ray patterns with few diffraction liﬁ,es, and are
indurated with goethitic. stain,' it has not been possible to identify
them positively. However, the X-lray powder patterns suggest
the presence of a micaceous mineral. A m.ica w‘hich has a sufficiently
flexible composition to accommodate the oxides remaining from the

preceding calculations, and which is commonly found in sedimentary




deposits, is glauconite. According to Struntz (2), a typical

+2 o +3

formula of glauconite can be given as (K, Ca, Nat)<1 (Al, Fe ™, Fe 7,

Mg)Z(OH)zAl Assuming that the silicate mineral

0.35°'3.65%10"
present has such a formula, the CaO and SiO2 remaining from the
preceding calculations, all the KZO' NazO and MgO reported by

the analyses, and sufficient Ale3 and HZO to- éatisfy the formu;laA
were combined to give the percentage of a material which will

be referred to as glauconite in the sgmples . This calculation
involves some uncertainties, one of which is the amount of chemically
combined iron in the mineral. This will be discussed more fully
under.'"Mineralogical .Composition”, (see page 6 ).

8) The alumina remai‘n'mg after the glauconite
calculation is assumed to be present as A1203. 3H20, or gibbsite.
This interpretation is consistent with the DTA and TGA results,
and with the geological environment of the deposit, although the
presence of gibbsite in these ores has not been positively established.

Following these calculations, there remained only
. the excess water, MnO and Ti.O2 to be accounted for. The‘majority
of the water is probably contained by the goethite as adsorbed or
capillary water, as noted above. The manganese could possibly
occur in the goethite, likely in partial substitution for the iron

or alternatively in one or other of the carbonate minerals. The

mode of occurrence of the TiO2 is not known .



'DETAILS OF INVESTIGATION -

Mineralogical Composition

‘Chemical analyses of samples NE and OP are given

in Table 1.
| TABLE 1
Chemical Analyses of Samples NI and OP
NE - oP
Analyzed Calculated Analyzed Calculated
g to 100% - % to 100%
FeO | 1.30 1.29 |l - 0.65 0.65
Fe 0, | 48.03 | 47.74 46.03 46 . 26
A8i0, 16 .64 16.54 22.0 22.11
ALO, 8.26 8.2l - | B.44 8.48
CaO | 4.34 4.31 4.67 4.69
MgO 2.69 2.67 1.85° 1.86
MnO 0.10 0.10 0.14 0.14
KZO 0.64  0.64 © 0.69 0.70
Na,O 0.08 0.08 0.11 - 0.11
TiO, 0.32. 0,32 I 0.36 0.36
PO, 0.80 0.79 0.78 0.78
S 0.11 0.11 0.11 ©0.11
' H,O 13.7 13.62 . 10.4 10.46
co, 3,28 - 3.26 2.88 . 2.89
C 0.32 0.32 0.40 - 0.40
Total [100.61° | 100.00 99.51 100.00
Ak SiO2 as quartz 4.73% - 9.15%




TABLE 2

The Calculated Mineral Composition of Sample NE

FeZO3 FeO alO2 A.IZO3 Ca0O |MgO | MnO KZO Na.ZO TiO, PZOS S HZO (_ZO2 C Totals

Apatite 1.04 0.79 0.03 1.86
Pyrite 0.13 0.11 0.24
Siderite 1.16 0.71 1.87
Calcite 3.25 2.55 5.80
Goethite 47.74 5.38 53.12
Quartz 4.73 4.73
Glauconitic

silicate 11.81 3.07 0.0212.67 0.64 0.08 0.97 19.26
Gisosite 5.14 2.72 7.86
Water 4.52 4.52
Caroonaceous

material 0.32 0.32
Other 0.10 0.32 0.42
Totals 47.74 1.29 {16.54 8.21 4.3112.67 0.10 0.64 0.08 0.32 0.7910.11113.62 3.26 0.32 100.00




TAELE 3

The Calculated Mineral Composition of Sé.mple OP

Fe,O 5i0, | Al,0; | CaO [MgO | MnO |K,O | Na,O Tioz' H,0 | CO, Totals
Apatite 1.03 0.03 1.84
Pyrite | d._24
Siderite 032 0.84
Calcite 3.27 2.57 5.84
Goethite 46.26 5.21 51.47
. Quartz 9.15 i 9.15
Glauconitic - . _ : 4
silicate 12.96 | 4.70 | 0.391.86 0.70 | 0.11 1.06 21.78
Gibbsite | 3.78 2.00 5..78
Water 2.16 . 2.16
Carbonaceous
material 0.40
Other . 0.14 0.36 0.50
Totals 46.26 22.11 [8.48 | 4.69]1.8 |0.14 |0.70 | 0.11 |0.36 10.46 | 2.89 100.00




The mineralogical compositions of the samples
were calculated from the chemical analyses with the aid of other
supporting data, as described above. The calculated mineral
composition of sample NE is given in Table 2; that of OP, in Table 3,
The figures in these tables are given in two decimal places for ~
convénience in tabulating and addition, and are not meant tq‘ indicate
the degree of confidence.

A degree of uncertainty in these calculations is
unavoidable because some of the minerals are fine-grained, partially.r
amorphous, and intergrown with others. The greatest uncertainty
probably resides in the assumed composition of the silicate mii’leral
(or minerals). For the reasons detailed above, the silicate has been
designated as a glauconitic silicate and has been assumed to be
iron-free. It is more likely, however, that this mineral contains
at least some chemically combined iron. If the mineral actually
- is a glauconite, then the maximum amount of iron present is that
which, together with magnesium, totals_ 2 atoms in the glauconite
formula, viz (K, Ca, Na.)< 1 (Al, Fe, Mg)Z(OH)Z(Al, Si)4010 .

According to this, the maximum amount of iron possible in the
glauconite is 4% Fe, although the actual value is probably lower.

The amount of iron combined in the glauconite would correspondingly
reduce the amount of goethite and/or siderite, and increase the

amount of gibbsite shown in Tables 2 and 3.



-10 -

The amount of goethite ;m sémplgs NE and OP is
probably somewhat higher thaﬁ that s.hown in Tables 2 and 3 if the
excess wate;r is consideréd to be part of this mineral. On the other
hand, the goethite co.nfeﬁt could be reduced a little if some of the
trivalent iron is combined with the glauconite.

ﬁo gibbsite or other aluminum hydroxide could t;e'
recogni;'z.ed, either microscopicaliy or by X-ray di_ffraction; but
its presence is consistent vﬁth the DTA and TGA results; the
chemical analyses show alufnin_urn in considerable excess over that -
required by the glauco.nitic sili.cate. Therefore, the gibAbsi‘te,' if ‘
present, is probabiy amorphous, and could be clésély intergrowu
with thé partially arnorph’oﬁé groundmass which is composed

largely of goethite and glauconite.

Agsociation of the Minerals

The two svlarnplves described in this report consist
of a brown,.- earthy, friable groundrnasslin which are embedded
oolités and other sé.nd-like mineral particles. Exarr;ination of
“screened fragtioné of lightly crushed ore reveals that the -28+65
mesh fractions consvist' 1arge'1y of unbroken oolites, while the finer -
sizes consist largely of the fine-grained grou’tidrnaés ‘minerals, .a'nd
the coarser size‘s, of combined o_élites and groundrﬁass . This
screenAseparation of oolii:es and matrix permits the proportion

of oolites to groimdmass to be estimated. An evaluation of the
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screened products of the ore indicates that samples NE and OP
consist of gbout 72% and 62% oolites, respectively.

The mineralogical composition of the groundmass
or matrix is in some doubt, since it is toa heavily indurated by
goethite to permit an identification of the components by the petro-
graphic microscope, and X-ray powder patterns of the Ina‘crix~ |
minerals are generally very weak and diffuse. The latter suggest
that the matrix consists predominantly of amorphous material
which, for the reasons cited above, is probably composed chiefly
of goethite and glauconite.

The gdethite in the matrix varies from sub-microscopic
particles and films indurating the glaué:onite, through fine-grained
disseminations (Figs. 1 and 2;}: to almost solid goethite (Figs. 3 and 4).
Analyses show that the iron content of the matrix assemblage is
similar to that of the samples as a whole. For example, the NE
and OP head samples contain 34.6% Fe and 32.7% Fe, respectively,
while the -200 mesh fractions of the same sgmples contain 32,9% Fe
.and 30.6% Fe, respectively.

A small proportion of the matrix is composed of
fine-grained apatite. This apatite occurs, at least in part, as
large masses, and one fragment 10 mm in diameter, consisting

largely of fine-grained apatite with a few oolites, was observed.

i

& Figures 1 to 7 will be found on pages 17 to 23.



- 12 -

Embedded in the matrix which, as stated previously, .

consists largely pf goéthite a:nd glauconite, are oolités and relativély
coa'rse, angular mineral grains .

The ooli‘tes varir fro_m spherbidal t"’o’ eliips oidal, and
fall withiné, narrow size range, ie, between 28 and 65 mesh. They
vary greatlf in composition, iévnd geherally Cblll'BiBt of sev,er?;l
minefals, frequently in concentric arrangemént and rimmed by
goethite. Many oolites are built around a quartz core (Figs. 2, 5
and 7); some consist largely of ;::algite (Fig. 1); 6thers of glauconite
(Figs. 1 and‘ 7); a_n‘dAstill othgrs; of goethité (Figs. 5and 7).
Figure 6 illustrates the fragmental nature.of some' of the ére. -

- The range in iron conter;t of the oolites has been
determined By screening out the oélites from the h%matrix, separating
them into gra;,vity fractions by heavy _1iquids., and analyzing theng

for iron. The results are shown in Table 4.

4



TABLE 4

Iron Distribution in Qolites from Samples NE and OP

Density Wt % Fe % % Iron Distribution
Range of fraction in fraction In Lighter In This In Heavier
Fractions Fraction Fractions
Sample NE
< 2.8 37.3 24 .40 -- 24.0 76 .0
2.8-3.0 4.7 36.29 24.0 4.5 71.5
3.0-3.3 21.1 43,29 28.5 24.1 47.4
3.3-3.6 17.7 47.88 52.6 22.4 25.0
>3.6 19.2 49,42 75.0 25.0 -~
Sample OP
<2.8 23.7 16.94 - 10.9 89.1
2.8-3.0 5.6 27.99 10.9 4.3 84.8
3.0-3.3 28.9 38.74 15.2 30.6 54,2
3.3-3.6 32.7 46.52 45.8 41.5 12.7
>3.6 9.1 51.01 87.3 12.7 -

- €1 -
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Table 4 shows that 'the ixfonA content of the ooliteé
ranges from about 1'7'-% Fe t_o-.;Jl% Fe, althougfx some oolites both
highc;r aﬁd lower in i;on conteﬁt could probably havé been isolated
‘vif lighter vand hea:vier liquidé had been used. Table 4 also indicates
that the oolites can be up‘-graded by gravity method; . For example,
.the separa'tionléf simple NE é.t a denéity of 3'.Q.resu1ted in. th_é remoyal:
of 42% (37.3% + 4.7%) of. ;he sample weight as a float tailing, with an
iroﬁ recc;very, in the sink con.centrate,' of 71 '.5% of the iron.. In
sample OP, a separation at the same dénsity remov'ed 29.3% of the
sample weight, With a reéovéry ovf 84. 8% of the iron. These results,
of course, apply only to the oéli}:és, and not to the ore as a whol;e.

The only épatite r_f:ecogriized in the polished sections
was in the 10 rnrn ore fragment \;;/hiéh consisted largely of fine-
grained apatite with embedded ooiites . Analy;ses of some of the
separated fractions, however‘,’ indicate tilat the apatite occurs b.oth
in the oolites and the groundm;a.ss; but tha.t.the hea'vy, or iron-rich,
oolites contain 1e$s PZOS than the samples as a whole. ,.At;ialyses
of heavy ooiites (ie, those with a ’specific gravity greater than 3. 3)
from b'oth samples indicgte P;OS contents of abgut 0.3%, which is
appreciably lower than that of the head samples, which contain 0.8%

PZOS'
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The carbonate minerals calcite and siderite appear
to be prkes ent largely as coarse angular particles and, to a lesser
exte'nt, as oolite components.

The quartz occurs as discrete, angular, mineral
grains in the groundmass, and as cores in the oolites.

The pyrite also occurs as discréfe mineral grains,

No graphite was observed in the ore, so the non-CO2
carbon is probably present as amorph‘ous carbonaceous matter in
the groundmass.

The manganese is most likely combined with the
goethite, in substitutioﬁ for the iron. The titanium content, on the
other hand, is higher than that normally‘found in goethite, so that

it may be present as a distinct titanium mineral, possibly as rutile

or anatase.

CONCLUSIONS

Samples NE and OP are similar with respect to their
chemical and mineralogical compositions. Tﬁey consist of éxtremely
friable oolitic iron ore consisting of about 60 to 70% oolites in a fine-~
grained matrix. The matrix consists largely of a fine-grained
gsilicate mineral, or mineral mixture, and goethite. The oolites,
which range in size from 28 to 65 mesh, exhibit considerable
variations with respect to their mineralogical composition an.d iron

content. Goethite, which is the only iron ore mineral present in
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Vsig'nifi‘cant amounts, var'ies_ in grain size from sub-rriicroscopic,
arﬁ(;rphous rhaterial'to sdlid oolites gnd coarse fra;gments over 1 cm
in di'ameter..

The oolitic fraction of the ore can probably be
.vbeneficiated byv standafd ore dreséing methods, But the benef_iciation
of the fiﬁe-graine(i; matrix is 1ike1y to present fé.tiuer gerious

difficulties.
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Fig. 2. - Photomicrograph of polished section of ore
showing oolites in a glauconitic matrix (grey)
with disseminated goethite (white). The two
oolites near the centre of the photograph have
quartz cores. Pits are black.
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Fig. 4. - Photomicrograph of polished section of ore
consisting largely of fine-grained goethite
(white). Polishing pits are black.



a2 =

Fig. 5. - Photomicrograph of polished section of ore,
showing variety of oolites in a glauconitic
matrix. Some of the oolites consist largely
of goethite (white), while others have only a
narrow goethite rim. Some of the oolites have
quartz cores (smooth, grey), and an angular
quartz grain rimmed by goethite can be seen
near the centre of the photomicrograph.
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Fig. 6. - Photomicrograph of polished section of ore,
showing an aggregate composed of angular
quartz and calcite grains (light grey) in a
fine-grained glauconitic matrix.
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APPENDIX

. THERMOGRAVIMETRIC, 'I')IFF'ERENTIAL THERMAL AND '
X-RAY DIFFRACTION ANALYSES OF CLEAR HILLS OOLITIC IRON ORE *

by‘

Norman F.H. Bright

INTRODUC TION

. This Appendix gives details of work done in the
Physical Chemistr}.r Seqtion, 'Mineral Sciences Division, in suppor't
of the mineralogical work on tho ooiitic iron ore sampies, which .
forms the sﬁbject of th.e, maiﬁ report. This wvoifk includes .mainily
thermogravimetric and differential thermal analyses, but, in
addition, sorhe chemical and X-ray diffraction work was do;le.

EXPERIMENTAL PRQCEDURES |
The thermogravimetfic and differential thermal

analyses were ébn’ducted in air, and also in a flushing carbon
dioxide atmosphere. The CO2 atmoépheré served to sharpen.up any

reactions due to carbonate decomposition, and to suppress any

reactions dependent on atmospheric oxidation, such as that of

sulphide(s) or of any organic material present. The details of the
techniques will not be described here as they have been adeciuately -
described in various well-known text-books and in many recént ‘

research publications. Suffice it to say here that a Stanton



thermobalance was used for the thermogravimetric work, and that,
for the differential thermal a;nalys es, an equipment of Mines Branch
conétruction was used, embodying a palladium sample holder in a
horizontal orientation, a heating rate of 12 deg C per minute, and
Pt:Pt/13% Rh thermocouples for recording the differential and
sample temperatures.

In order to destroy any carbonate and/or sulphide(s)
and to (iissolve much of the goethite and thereby concentrate the
siliceous components of the ore - as far as possible, for study by
differential thermal analysis, a 5 g sample of the NE ore was
1eached in approximately 100 ml of concentrated nitric acid for
24 hr, After standing for several hour;s, the mixture was heated
to boiling, allowed to cool and to stand overnight. After diluting
with water and filtering, the residue was dried and weighed. It

was found to comprise about 28% of the weight of the original

. sample. This residue was subjected to differential thermal analysis

in an air atmosphere, and also to a qualitative emission spectro-
scopic analysis.

The final technique that was applied to the study of
these iron ores was thermogravimetric analysis (TGA). In this
technique, the changes in weight of the samples were studied as
they were subjected to a pre-determined thermal programme; in
this instance, heating at the rate of about 375 deg C per hour to
approximately 1100°C was employed. For each material, air and

CO, atmospheres were employed.
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EXPERIMENTAL RESULTS AND INTERPRETA TIONS

a. Spectrographic Analysis

The two original samples, NE and OP, when
examined by qualitétive emission spectroscopic analysis both
gave the following results:-

Fe, Ca - major constituents |

Si, Mg, Al - vsignificant minor constituents
The 1ea'ch residue from the NE ore gave the following ;‘esult:-

- Fe, S5i - major .constituents
- Mg, Al - signiﬁcant minor constituents
This i's' as would be e:;pectéd from the destruction of any calcium

carbonate by the HNO3 leach,

b. Differential Thermal Analysis

The results of the differential thermal analyses.

are as follows:-




Ore Sample OP

Examined in air

Examined in CO?2

Nature of peak

Temperature of peak

Nature of peak

Moderate endothermic

Smaller endothermic

Moderate endothermic

Small, broad
exothermic

Broad, moderate
endothermic

V. small sharp
endothermic

Moderate endothermic

Small endothermic

151°C
308°C
363°C

438°C
560°C

585°C
831°C

862°C

Moderate endothermic
Smaller endothermic

Moderate endothermic

Small to moderate,
broad endothermic

V. small sharp
endothermic

Sharp endothermic

Temperature of peak
150°C |
309°C
360°C

575°C

579°C
915°C

«Lz.—



Ore Sample NE

Examined in air

Examined in CO

Nature of peak

Temperature of peak

Nature of peak

Fairly'large
endothermic

Moderate endothermic

Moderate endothermic

Small broad
exothermic

Small broad
endothermic

V. small sharp
endothermic

Moderate endothermic

151°C
303°C
355°C

455°C
570°C

580°C
839°C

Fairly large
endothermic

Moderate endothermic

Moderate e’ndothel_'mic |

Small broad
erndothermic

V. small sharp’
‘endothermic

Sharp moderate
endothermic

Temperature of peak

138°C
306 °C

360°C

540°C +

581°C
929°C

- gz -
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Ore Sample NE - Residue from HNOj leach - examined in air

"Nature of peak Temperature of peak
Moderate endothermic : . 135°C
Smaller endothermic 348°C
Smalll broad endothermic g60°C approx.
V. small sharp endothermic 581 °C

Nothing further up to 1080°C

From a c>ons ideration of the natu-re and position of the
peaks detailed in the preceding tables, from their relative sizes aﬁd
their presence or absence when the sample was examined in .a
carbon dioxide atmosphere, and also from their presence or absence

in the case of the HNO,_-leached material, it is possible to draw the

3
follo@ing conclusions:

(i) The moderately large, endothermic peaks at about
'140-150°C and at about 350-360°C are both associated with the
dehydration of the same material; this material is present in both
eamples and also in the HNO3-1eached material.

(i) The moderate-sized endothermic peak at about
305-310°C is associated with the dehydration of a different material,

which is not present in the HNO3-1eached product, but is present in

both samples as received.
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(iii) The broad, exothermic peak at about 440-450°C |
is proba.bly_ associated with the oxidation of pyrite or 6ther sulphide
mvirier,al,, an'd/ov'r "of any oréanic carbonaceous rﬁateriai;tch'atvn;ight
" be present., It is obs ei'véd w:ith both ores as received, but is not.

A pfes ent in the HNOé—leached fnaterial.

(iv) The Br;)ad, 'small, en‘doth’errnic peék in the
540-570°C temperature range is probably associated with tfxe. loss
of chemically bound water from a clay mineral; this peak is observed
in all samples.

(v) The‘ very sh_afp, small er;dothermic,peak at about
- 580°C',. superimpos ed on the immediately pr'ecedin_g peak, is
attribufed to the a —> 8 quartz inVersién and is observed in ;,11.
sémples .

(vi)ﬁ The fairly large, en'dotl';er.mic peak observed at
830-840°C in the samples as received, when tested in air, and as a .
noticeably sharper peak at ai:;out 920-930°C when tested in COZ’
is attributed to the decompositioﬁ df calcite, As e:?.i)ect‘ed, this peak
‘is not observed in the HNO3~1eached mateﬁal. Calcium carbonate
alone decomposes at a temperature of 950}-1000"'0; the fact tha"c
this peak ié observed at significantly lower temperatures with
these ores,is to be expected from the pres ence’ of other materials,

particularly the siliceous constituents of the ores.
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c. X-ray Diffraction Examinations

X~-ray diffraction work was done on the samples as
rec.eived, and after heating to various temperatures in the differential
thermal analyses. The results of these X-ray examinations are
listed below.

In assessing the relative abundanc; e of the constituents
mentioned in these lists, only the intensity of the X~-ray diffraction
patternv has been considered. It mustbe borne in mind that such
factors as crystal symmetry, the presence of heavy atoms, the
particle size of the material a;ld its degree of crystallinity, the
presence of amorphoué material, pr.eferred orientation and matrix
effects could all play a part in affecting the validii& of these
assessments of relative abundances. Hence,; these statements of

abundances should be considered in a qualitative sense only.

Sample OP

1. As received:- Major constituents:- Goethite, Fe203,xH20.
Quartz, .’SiOz

Small minor constituent:~ Calcite, CaCO3

Extra lines that could possibly correspond to

small amounts of pyrite, apatite, and a mica-

ceous material, perhaps of the glauconite type.
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2. After heating to 750°C in air in DTA equipment -

Major constituénts:— Hematite,' FeZO3
' - Quartz
- Small minor constituent:- Cal'cite .
Extra lines that could possibly correspond to small

amounts of apatite and a mica.

3. After heating to 1055°C in air in DTA equipment

Major constituent:- Hematite

_Minor constituent:- Quartz
Extra lines that could possibly correspond to small

amounts of limé, apatite, and feldspar.

4. After heaﬁng to 1080°C in CO2 in thermobalance (s ee léter)

- Major constituent:-  Hematite
Minor constituent:- Quartz

Extra lines that could possibly correspond to small

amounts of apatite, feldspar and cristobalite. o F
Sample NE
1. As received:- Major constituent:~ Goethite

Minor constituent:~ Quartz

Small minor constituent;~ Calcite -

Extra lines that could possibly correspond to
» small amounts of py rite,l apatite and the

same micaceous mineral.

2. After heating to 720°C in air in DTA equipment

Major o;onstituent:'— Hematite.
Small minor constituents:~ Quartz
l ‘ Calcite
Extra lines ‘that could possibly correspond to small

amounts of apatite and a mica.
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3. After heating to 1060°C in air in DTA equipment

Major constituent:~ Hematite
Minor constituent:- Quartz '
Extra lines that could possibly correspond to small

amounts of apatite, feldspar, and lime.

4., After heating to 1240°C in air in DTA equipment

Major constituent: - Hematite
Trace e Quartz
Extra lines that could possibly correspond to 'small

amounts of feldspar and other undetermined'materials,

5. After heating to 1100°C in COz in thermobalance (see later)

Major constituent:- Hematite
Minor constituent:~ Quartz
Extra lines that could possibly correspond to small

amounts of feldspar, apatitéand cristobalite.

Sample NE - Residue from HNO, leach

Major constituent:~ Quartz

Other lines that could correspond té the micaceous
type of material, possibly glauconite, and other
unspecified materials.

Sample NE - Residue from HNO3; leach after heating to 1080°C
in air in DTA equipment

Major constituent:~ Quartz

Minor constituent: - Hematite

d. Thermogravimetric Analyses

The results obtained by the use of the Stanton.thermo-

balance with these samples are as detailed in the following tables.




1. Sample OP, heated in air

Total loss in weight = 17.55% (based on as-received weight)

Highest temperature used = 1130°C

Temperature Range

% Loss in

(deg C) Observation weight Remarks
(thermogravimetric)

100-360 Large, rapid 12.75% Not resolvable into "

: © weight loss. S discrete stages, although
indication of a complex -
phenomenon, particularly
above 250°C.

360-710 Slower, ‘continuous 2.47% -

weight loss.

710-925 More rapid weight 2.29% Loss mostlf'c.ompleted

loss. . by 820°C.

925-1130 -~ - - No further weight change.

- ¥ -
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By comparing these results with the DTA results
already given for this material‘ in air, it will be seen that the
fi'rét major loss in weight corresponds to the endothermic peaks
observed at 151°C, 308°C and 363°C. Th;a'slow loss in the range
360°C to 710°C corresponds to the broad flat endothermic peak
at 560°C, while the finé.l loss in the 710°C to ;9.25“(3 corresp‘ond“s
to the endothermic peak(s) at 830-860°C. The major loss is
probabiy due to water from the goethite and any other hydrous
mineral present, the second loss to combined water from the
clay mineral, and the final loss is due to CO, from the carbonate.

2

present.



2. Sample OP, heated in CO

2

Total loss in weight = 1.7.62% (based on as -.received weight)

Highest temperature used = 1150°C

Temperature Range % Loss in A
(deg C) Observation - weight Remarks
: (thermogravimetric)
100-355 Rapid weight - 12.40% Probably complex -
loss. at upper end of

range. -

355-720 Slow loss . 2.40% Possibly also -
complex.

720-950 More rapid loss. . 2.409% - -

950-1150 - - - - ‘No further change
“in weight.

The general form of the curve and the location of the changes in slope followed
very closely the pattern of the results obtained for this material heated in air. The figures for

the weight losses are very similar to those obtained in the air test and the same diagnosis as

to their significance is considered to apply.

- 9¢ -




3. Sample NE, heated in air

Total loss in weight = 19.5% (based on as-received weight)

Highest temperature used = 1095°C

Temperature Range

% Loss in

(deg C) Observation weight Remarks
(thermogravimetric)
100-360 Rapid weight 13.52% Probably complex in
loss. the range 240-360°C,

but not resolvable
into discrete stages.

360-710 Slower loss. 3.13% Probably also
complex.

710-910 More rapid loss. 2.54% Mostly complete at
820°C.

910-1095 - - - - No further weight

change.

Again, the pattern followed by the TGA trace showed the same form and

characteristics as those already described.

- LE -



2

4. Sample NE, heafed in CO

Total loss in weight = 19.45% (ba:s ed on as-received weight}

' Highest temperature used = 1180°C

Temperature Range

% Loss in

(deg C) Observation weight Remarks
(thermogravimetric)
100-350 Rapid weight 13.11% Not resolvable into
loss. discrete stages.

350-720 Slower loss. 3.43% Possibly also complex,
with one stage virtually
complete at 650°C.

7206-950 More rapid loss. 2.64% - -

950-1180 - - - - No further loss in

’ weight.
. v ¢ (

. 8€-
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In all cases, the form of the curve followed very much
the same pattern and the same interpretations apply throughout.
a It will be observed that, for each specimen, the aggregate of the
. gravimetric weight losses was quite close to the direct total weight
loss obtained by independent measurement of the initial and final
weights of the samples. This is good confirﬁétion of the reliagility

of the above data.

DISCUSSION

A flJ;ll quantitative interpretation of the thermo-
gravimetric data is rendere;d impossible by several factors:
o firstly, the lack of resolution of the various decomposition stages;
secondly, the indeterminate composition, ‘particularly as regards
degree of hydration, of some of the minerals known or suspected
to be present. This consideration applies in particular to the
micaceous mineral which is present and to the goethite, both of
which might have a variable proportion of water of hydration.
In addition, the amount of other elements in the micaceous mineral
e.g.,the degree of substitution of alkalis for lime, of magnesia
r for ferrous iron, and of alumina for ferric iron, are all also
. strictly unknown quantities,although a reasonable typical formula for a
glauconite is assumed for this matex;ial in calculating the mineral

balance in the body of the report. All these factors would have a
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bearing on the weight losses occurring in thé various temperature
"ranges. ' o | |
From the différential thermal.,analys is traces,
| it appears that both the OP and NE éamples contain quartz as a
significant minor cons titﬁent, with the amount in the OP sample
being larger than the alinount in the NE sarripl‘g'; this is supported
.by the chemical analysis quoted in the body of.the report, viz.,
9.15% las against 4.73%.
| If the los.ses ‘of-weight in the ferﬁperamre range
720°C to 1100°C are due s.ollely to C.O‘2 'evolut_i:on’ from caléium
carboqate, then éalcuiation shows that tﬁe pefcentages of CaC(O3
in>the two samples ar-‘e as follows:-

Sample ' Thermogravimetric Direct Chemical
CaCO, % content 'CaCO3 % content

OP - 5.34% 5.84%
‘NE | ~ 5.89% o 5.80%
These figures show very satisfactory agreement.
The amount ‘of water lo;t_ from .the' clay mineral and from
| the apat.ité in the range 360-720°C is aBout 2 .44% fof'the OP’
sample and 3.28% for the NE sam.ple'; these"figureé must be
approximate only; owing to the di_fficﬁ,lty of ‘decidingl where the
various loss stages start and fini;sh. This H,0 loss is consisfent
with the figure of about 20% quoted for thé micaceous mineral

content of the two samples, assuming this mineral to be of a

1\
o
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glauconitic mica type.

The low-temperature water losses (below 350-360°C)
are about 12.58% for the OP sample and about 13. 32% for the NE
sample. If we assume that the ferric iron contents, calculated
as Fe203, are as quoted in the body of the report, and that the
formula of the goethite is strictly stoichiomeffic, viz., F§203.H20,
then this will account for 5.21% and 5.38% of the HZO loss,
respectively.

As mentioned above, part of the HZO loss in this
temperature range appears to be from one constituent of the ore .
and part from a diffefent constituent. It is considered that the
residual water losses not accounted fox: by the goethite, viz.,

7.37% and 7.94% respectively are due partly to loss from a hydrated
alumina, possibly gibbsite, and partly to water which is attached to
the goethite in proportions in excess of the stoichiometric
Fe203.H20 formula. This is in accord with the rather diffuse,

ill-defined X-ray diffraction pattern exhibited by this constituent

- of the ore.

In conclusion, it may be stated that the X-ray
diffraction, thermogravimetric, differential thermal, and emission
spectrographic data are all consistent with the mineralogical
findings detailed in the body of the report and with the mine_ral

compositions calculated from the chemical analyses quoted therein.

EHN:NFHB:EEL/DV




