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ABSTRACT

Spectrographic studies have been
campleted on nine major seams of the
Sydney coalfield, and on a few char-
acter samples of the St. Rose and
Port Huod seams in the western part
of Cape Breton, Nova Scotia. Sam-
ples consisted of blocks previously
clussified into petrographic intervals
by P. A. Hacquebard and results al-
low a study not only of constituents
in  individual intervals, but of
weighted averages of the coal at each
gsample locality as well as averages
on seams sampled at several places.

The average co0 sition of _all
seams stualed ndicates the coals are
relatively enriched 1n 1ic nnese, ar-

SgTIC, ant compared wilh otner
coals, are s lgntv above average 1n

Analyvses of the seams show some

distinetive differences which may be
used for correlation purposes though
this is complicated by lateral ¥ 1a-
tions, as shown in the bac ipit, Har-
Sour, and Phalen seams.

Variations in composition of petro-
graphic intervals support the petro-
graphic classification and show con-
centrations of Mn, As, Pbh, and Ge
particularly, and in places also of
Co and N1, in either top or bottom
intervals, a feature noted in other
coals for Ge.

Results of analyses on the Gardin-
er and Mullins seams show a great
similarity, suggesting that, if these
are not one and the same seam, they
were certainly formed under very
cimilar conditions. Analyses of the
Lower Jubilee and lower portions of
the Phalen seams, though not too de-
cisive, favour a different age for
these, and a study of the Blackrock
section, correlated with the Backpit
seam, shows some imporiant differ-
ences which can only be explained
by lateral variation of the one seam
or the possibility that they are two
separate seams.

+Eprror's Nore.—This is the first
of two papers on the use of the spec-
trographic analysis of trace elements
in coals as a means for correlation
of coal seams. It deals exclusively
with Carboniferous coals of the Syd-
ney coalfield, Nova Scotia. A see-
ond paper with reference to the
Lower Cretaceous coals in the Crows-
nest area of British Columbia is to be
published at a later date. This study
is sponsored by the Coal Research
Committee of the Coal Division,
C.I.M.

+Miller Memorial Research Profes-
sor of Geology, Queen’s University.
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By J. E. HAWLEY

INTHODUCTION

ASTUDY of the trace clements

in the ash of coals from ninc
seams in the Sydney coalficld, Nova
Secotia, was undertaken at the sug-
gestion of Dr. W. A Bell, Geolog-
ical Survey of Canada, as a part of
a larger study of these and other
Nova Scotia coals being made by
the Geological Survey and the Nova
Scotin Department of Mines under
the direction of Dr. P. A. Hacque-
bard.

The main purpose of this investi-
gation has heen to determine if a
knowledge of the trace clement dis-
tribution might be of assistance in
the recognition of individual scams.
the distinction of which is not al-
ways easy or positive in folded and
faulted strata by ordinary strati-
graphic and structural means.

The study has been so conducted
as to afford information an the vari-
ation of trace clements in individual
petrographic intervals or divisions
in each of the seams examined, in-
tervals determined by Dr. Hacque-
bard on the basis of their banded
ingredients, vitrain, clarain, durain,
fusain, ete, as obscrved under the
microscope in polished scctions. The
results, as well, indicate the trace
¢lement composition of the coals of
the area as a whole. and quantita-
tive data for fifteen eclements are
given, along with concentrations of
thirteen other elements, stated in
terms of intensity ratios. Data an
distribution of germanium. though
considered here along with other
elements, are dealt with elsewhere®.
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Ontario in establishing a spectro-
graphic laboratory in the Depart-
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the work has also been received
from the Geological Survey of Can-

Hawlgy, J. E. Germanium Con-
tent of Some Nova Scotian Coals;
Econ. Geol., Vol. 50, No. b, pp- 517-
532, 1955.

Folume LTI, 1053, pp. 412-424)

ada. In addition, Dr. W.o 4 p.
Las contributed notes on the g
of the Svdney coalficld whick e},
part quoted and in part sulnu:;_-i,..l:
To Dr. P, A, Hacquebard th- “1:1:
er is much indebted for the i,
tion of all coal samples, for a; \.i
ance and suggestions on the arzlje,.
tion of the analytical results to vap,
ous problems involved in th: ooy
relation of the scams, and f:x pj,
critical review of the manus:ripy
Miss Y. Rimaite, formerly spec.
trographer in our laboratery. pre.
pared all samples and stizdarqg,
and carried out the spectrozzaphic
analyses. )

GEoLOGY

According to Bellt, the cos? sean.
of the Sydney coalficld ar: con
tained within upper Pennsti-ania
strata. of the Morien or  Zicta
group. This group outerops =m th
northeastern coast of Cape Zreto:
Island and cxtends thirty-fo= mile
to the northwest from Batean o
the south shore of Mira baz (Tig
ure 1). It varies in width “om
few to twenty-five miles, ti: inne
houndary following a sinuow: sours
as a result of post-Pennsyi-anie:
folding and crosion.

“On the basis of changes iz Zacit
within the coalfield from e-zheas
to northwest, the group hz: bee
sub-divided on palacontoloz -l ev
dence into three time-rock anits'
which contain the coal sea=:. ind:
cated in the accompanying zabul:
tion.

ZONE THICKNESS l Sro.as
Ptychocarpus 1,200 ft. ii_i-
unitus zone Hzroeur
|Bacsoit
Linopteris

obliqua zone

Lonchopteris 3,000 feetTra=
__zone I I

+W. A. BELL, personal communi’
tion from which this sectzz 18 F
stracted in part and in paw .u0

‘ The Canadian Mining and Metzlargic
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Map of Sydney coalfield, showing location of coal seams and samples,
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‘The Morien group rests discon-
E:"f‘nabl_v upon Mississippian rocks,
. Places upon the Upper Mississip-
Man Canso group, but over larger
"~ i upon the earlier Upper Mis-
mu{)plan Windsor group”. The
:.&‘;“it?rn and northwestern boundar-
'_l"_'“-‘f marked by high-angle reverse
s the older rocks (Windsor,

and Cambrian, on the one hand, and
Precambrian on the other) both to
the northwest and to the south be-
ing thrust against those of the
Morien group. Other faults, within
the Morien group, are few and of
small displacements, and include a
numher of low-angle thrusts that
trend northwesterly.

“lstin for November, 1955, Montreal

“Post-Pennsylvanian orogeny de-
veloped open folds in the Morien
group, the axes of which plunge
gently seaward. Dips are generally
low. but locally are as high as 3
degrees. As a result of folding and
subsequent eresion, the major coal
seams, in the upper half of the
group, are rtestricted in the land
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areas to the m:.‘]nr .~_\'Ilt‘]im'~i. T.ocal
were given to the seams in
cacl such  structural  Dbasin, and.
where land arcas of a single basin
were interrupted by embayments of
the sew. to each separate mining dis-
trict. Correlation, however, of the
major scams from one structural
hasin to another was made by the
Greological Survey of Canada as
carly as 1876 (Robb. Charles, 1876.
p. 250) and with few exceptions this
is accepted today”.

“The corrclation of seams from
the Marien district on the south to
Sydney harbour on the northwest is
reasonably well established. Sections
on the northwestward shore of the
Harbour, however, show splitting of
the impertant  Phalen and Hub
seams, and, northwestward of Flor-
ence, the Harbour seam also splits
into a number of seamlets”.

Three specifie correlation prob-
lews considered in this investigation
consist of the relation of the Gardin-
¢r and Mulling scams, the relation
of the lower part of the Phalen and
the Lower Jubilee scams, and the
relation of the Backpit to the Black-
rock seam in the northwestern por-
tion of the area.

A knowledge of the environmental
conditions under which the coals
were laid down is important not
only with regard to their probable
thickness and quality in submarine
areas, but also with respect to their
trace element content.

“A. 0. Hayves and W. A, Bell
(1928, pp. 55-56) ascribed the
formation of the coal seams and ac-
companying strata of the Sydney
coalfield to non-marine deposition
on a progressively subsiding flood-
plain of a river ar rivers. Bell (1936,
p. 9; 1938a. marginal notes) sub-
sequently noled evidence of tran-
gressive overlap of strata of the
Morien group in a northwesterly
direction. whereby strata  of the
Louchopterts zone were overstepped
in that dircction by strata of the
Linopteris obligua and succeeding
zone, He considered it possible that
uppermost strata of the Linopteris

halnes

rh’iir]lm zone or succeeding  strata
of the Pilychocarpus unitus zone

may have covered eventually a large
part of a Pennsylvanian upland.
Previeusly. this upland during de-
position of more than half of the
Maorien gronp had bounded the coal-
ficld on the north and west, Trans-
aression of the Morien group ap-
parently took place during the same
time in a westerly  direction. {or
coal-bearing strata cquivalent in age
to an upper part of the Marien
group oceur in the valleys of the
Salmon  and  Gaspereans
south of Fast hav. Althongl arkosic

Tivers.
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santhwestern and

debris thie
western npland area was abundantly
incorporated in the c¢lastie sediments
of the Morien group. little as yet is
known of the character of the south-
ern horder of the coalficld. nor of
the contributions, if any. made to
the Morien group {from the carly
Palacozoic volcanic rocks and sedi-
ments  that prcsuntl_\' occur  south
of the coalfield”.
“T. B. Haites
295). applying

frovin

(1951, pp. 215-
the principles of
river deposition to coal partings.
washouts, and character of coal
roofs. was enabled to plot probable
sites of sume ancient strecam chan-
nels during the deposition of the
mmajor coal seams within areas that
are being actively exploited, and he
projected some  of these channels
into the submarine area. In some in-
stances he proved that the major
seams were connected by seawmlets.
Haites also concluded that migration
of the rivers and their meanderings.
as well as differential composition
of sediments and contemporancous
warping, were important factors in
controlling coal deposition and min-
eral composition of individual coals™.

Source rocks for the clastic por-
tions of the coal seams and associ-
ated rocks thus consisted largely of
he  Mississippian  Windsor  Hme-
~tone. gvpsum, shales, sandstones.
and conglomerates: Devonian con-
glomerate arkose, shale, tuff. and

possibly  maore remote  Devonian
pranites; Ordovician and Cambrian

sediments: and Precambrian grani-
tic intrusives. guartz diorite. pyro-
¢lastics. and both silicic and basic
voleanies: erystalline limestone and
gneisses.

Mixenar Marren 1x Coavs

The composition  and origin of
minerals in coal have been reviewed
in some detail by Thiessen (1943)
amd  require consideration  in any
trace element study designed to aid
in the distinction and rorrelation
of coal beds.

AMineral malter of coals is normal-
Iy clnssified as of two types. inher-
ent and extrancous. The former con-
sists of those elements or oxides
which have heen contributed by the
plants themselves and which to some
exient may have heen coneentrated
by plants (rom cither the soils or
varlier generations of decomposing
plant remains in which they grew.
Goldsehmidt  (1935) has indicated
the wide variation in elsments con
centrated in Jow ash coals, much of
which must be attributed to inher
ent mineral anatter of the original
plants. Variations to some eatent in
woile and also in ihe plauts thiem

sobves frow place o plae
the furmation of even a wpo, o F

or even a petrographic inter )
conl may be expeeted, but, the
uniform the soils and plan 1:“”"
the more wniform should sm.h'é
vral matter be,

Extrancous minerals, on the Othey

hand. include those deposited €itl,
tr

ey

iy,

mechanically or chemically, {ropy 1
) W the -

air. as dust. or from the way,,
pcrcn]uting or ﬂ()“‘illg i]ltu 1.n?
: ! 2
over hog acceumulations. The origi,,:;
character of this type may J,,
g N o ¥ L+
been modified by seeping wape,,

leaching the more soluble and ey, -

ing the less soluble, such as clay, ©

It is conceivable that, even later’;,
the history of the formation of ¢pa),
cirenlating  ground-waters mif.:h{
still further modify the t-mupusi{‘iuu
of the mineral constituents. Sue},
extraneous mineral matter
normally  he expected to vary i

amount and in composition, dfl‘pcnd.‘

ing on the vagaries of sediment;.
tion. sources of water. and chay.
acter of the lands undergoing erq.
sion. and. again, uniformity in ).
amount and quality of the minera)
constituents would depend on stahle
uniform conditions existing througl-
out the bhasin in whiel coal accumy-
lation was proceeding.

Thus. because of the manxr vari
ables present, it is difficult to pre-
diet the value and usefulness of o
trace element study ol this type
Some success has been attained.
liowever. in other ceal deposits. such
as those of the Kootenay district
of B.C. by Newmarch (19507, and
certain eoals have been shown to
reflect the composition of adjiacent
land masses. as witness high vana-
Jiwm in Russian Jurassic coals. con-
sidered as derived from the weath
ered products of hasie rocks in the
Ural range. These suggest. there
fore. that this stndy might at least
show some of the chemical char
acteristics of the coals in the Syd
ney coalficeld and indicate the value
of this approach to correlatioz prob
lems of the various seams,

Coar Sesxm Samrrrs
Samples from nine seams in the
Svdney coalfield were sccured from:
the Coal Rescarch Division of the
Geological Survey of Canads. Syd
ney. N.S. Samples include avail
able material from all individual
petrographic intervals or Glivision-
stndied by polished sections from &
{otal of twentr-one localitics Actus!
Sed 3’_‘

sampling methods are deser

P. A, Huacquebard (19537 Thest
have come from various plases. in
eluding one bore hole. surisce o

such as at old pit- nd e

posures.

The Canadian Mining and MetcIzrgica:
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Aiffs, and from, underground
~. both submarine and not
=ine, details  of  which  are

e tsewhers by the writer*.

im - seams — the Llovd Cove.
vov = JJubilee. Emery, Gardiner.
;mi alinsg — were samipled at only
o ecality, Three werps sampled at
semoor more places; those of the
Baciz:t-Blackrock  seam  cover o

distance of approximately
those of the Harbour
warr. 5 miles. and of the Phalen
seam. 2.8 miles. These will be con-
sidem:i in relation to the lateral
varizZon of constituents within in-
diviczsl seams.

(haacter  samples from  three
weanmi= *ave also been analvzed. These
nefuls two from the Tracy seam
from “ocalities 2 miles west and 1
miles ~ast, respectively, from Tracy
XI1-1 lecality, district of Port
Motizz Three such  samples  of
frest’ s mined  coal from the St
Hose wam No. 2 (SR 2) on the west
:hote of Cape Breton. 10 miles
wrileast of Inverness. were also
studi= I In addition, one sample
studi=d from the Port Hood sean,
also za the west coust. is from the
3 * seam. Harbour View mine,
and =presents freshly mined  coal
‘rom 3 submarine arca. Both the
3t Rewe and Port Hood measures
are ernsidered to be the same age,
Rizriale, and are older than those
of the Srdney field.

1 arder to determine how con-
wentrizions of elements vary in the
-'“-1]}‘ Tatter as compared with the
minerzl matter of a given interval, a
“unpis from the Lower Jubilee m
. TI-1% . interval IT, was separated
to Ezht, medium, and heavy frac-
lons with 4 heavy liquid. and cacly
rfacticn was then ashed and the red
Alling ashes  were analyzed sep;
s and compared with that of
Moaverape sample, not so treated.

' 1
ateT

.
M Tl

Pezranation o Coar Asn

ground coal samples were
il over-night at 105°C. to
loss of moisture,
ten grams of each sam-
. Wmre then placed in aluminum
C¥soand dntroduced  into a cold
};‘:““‘5:' furnace and ashed at +00°C.
"Peming an the tvpe of coal and
sample, time of ashing varied
t k8 hours. Resulting ashes

Ineolonr from red to grey.
o P

Mg

’ i
T oa
'."l-'l'..‘e'.:

o

few  cases samples from
_!-'m'.\' seam remained black and
Yoeven after a long period of

Taline

Resalts on the latter ars
though
of clements stated in teros

o less aceurate,

“tnote on first page.

of total coal are mot affected by
residual carbonaceous matter in the
ash.

The relatively  low temperature
used was considered advisable, pir-
ticularly in view of differences in
opinion regarding losses of germa-
pivm and possibly of other volatile
elements  at higher temperatures
(Stadnichenko ef al 1953; Aubrey,
K.V.. and Payne, K.W.. 1953,

I’crccntuge of ash in each sam-
ple has been determined. and weight-
ed averages of ash for each of the
individual seams have besn caleu-
lated. Prior to spectrographic an-
alysis. the ash of each sample was
ground in an agute mortar to a very
fine homogeneous powder.

S]’ECTEN)GH:\]’}[]C ;X.\':‘.LYSiS oF
Coar Asu

l.—Method

In view of the large number of
analyses required, a spectrographic
method was sought which would al-
low the maximum number of ele-
ments to he determined from one set
of excitation conditions, even though
such a method could net he expect-
zd to give the highest accuracy,

Samples of uniformly ground ash
were mixed with equal quantities of
spectrographically pure briquetting
graphite to which 0.2 per cent rho.
dium black had heen added ag an
internal standard,

Forty-milligram samples of this
mixture were then compressed as
flat-topped pellets in a pelleting
mould onto the tops of V4-inch-di-
ameter praphite rods, at a pressure
of 500 Ih (Wark 1951). Each ash
was then analyzed in quadruplicate,
two photographic exposures  being
made over the low ultra-vinlet range
of 2.200 — 3.000 Angstroms, and
the other two covering the higher
range  of 2. 800-1.500 Angstroms,
Analytical lines of elements lving
within  the range of 2.800-3,900
Angstroms were thus available on
all four runs. but, for those lving
below or above this range, results
were obtained only iy duplicate.

Experimentation  indicated that
the spark method of analysis, with
its greater precision, was .‘l(ll‘(]l].’ltl_‘
to detect a farge number of the ele-
ments present, including V. Cr. Mn.
Co. Ni. Mo. Pb. Zn. As. Ge, Be. Ba.
Sro B Zeoand Ga. as well as the
major constituents Si, Al P Mg
Ca. Ko Nao Yo and Ti. On some sam-
ples. qualitative aalyses with (e,
are showed  greater sensitivite for
such elements ag Ba, Sr, Sn. Br', e
P and Seobut this uetlod wis not
wsel hecanse of the tjme involved,

Spretrographice
are as Tollows:

conditions  jge]

% for Novembher, 1955, Monireal

Spectrograph —  2-meter spectro-
graph with a 36.600 line per inch
grating (dispersion in Ist order
3.5 Angstroms.

Source Unit — Applied  Rescarch
Lahoratories high-precision-source
unit

Freitation — Higzh voltage spark.
10,000 volts, 5 amp R.F.. induc-
tance 360 microhenries

Erposure — 20 seconds

Transmission — 80 per cent

Gap — 2 .

St — 60 microns

Electrodes — Sample: flat-topped
pellet on 1/-in. graphite
Counter: special high-purity

graphite. hemispherieal tips

Film — Spectrum analvsis No. 1
Eastman

Development —

D-19 developer — 3 min. at 21°C.
Stop hath — 30 see.

Fix — 10 min.
Wash — 10 min.
Dry — 2.5 min. in dryer

Transmittance measurements were
made on a film comparator-densito-
meter, angd intensity ratios calcu-
lated on film emnlsion calibration
curves  prepared by the two-step
filter method. Full hackground cor-
rections were made.

2.—Preparation of .Standards

Standards containing known
amounts of elements required were
prepared for the most part in two
ways, using certain lots of coal ush.
graphite, and Applied Research La-
boratories standard powders Nos.
100, 101, 102, and 10+, to which
rhodium black. diluted in graphite,
was added in constant amounts (0.2
per cent RI). For the determina-
tion of germanium. several stand-
ards were prepared using  either
ARL. Standard No. 104, or spec-
trographically pure GeO.. with both
rhodium, and Iater hismuth. as an
inernal standard. Tn addition. tests
were carried out on certain coal ashes
by x-ray fluorescence methods for
the determination of germanivm and
arsenic*,

d—Ieproducibility

R(:prm]uvihilit}' tests  were made
ena total of 32 pellets of coal ash
from St. Rose seamm No. 5 {S.R.
T-24) mixed with equal quantities

*More complete details are given in
a report on this research filed with
the Geolorical Survey of Canada
and the Nova Scotia Research Found.
ation.
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of the internil standard  (graphite
plus rhodinm). Four peliets of each
lot were }ﬂwtograpllcd in the range
29200 -— 3.000 Angstroms and four
of each in the range 2 §00—+,500

Angstroms.

7 The avérage percentage
f'iczll Jeviation from the mean inten-
f
1
|

arithmet-

sity ratio on the pellets of the four
lots for 24 elemenis was found to
vary from only 1 to 5 per cent.
| Maximum deviation percentages in
| practically all cases were under 10
| per cent, again indicating the satis-
factory character of the internal
_ standard mixture and highly ade-
| quate reproducibility  for the ele-

"tnints studied.
Accuracy

A measure of the accuracy of the
quantitative determinations is in
part gained by comparison of our
results with those given for five
clements in a similar. thongh not
identical. sample of coal from the
Harbour Rider seam, 1V-24 R, by
the United States Geological Sur-
vey, as noted above, and illustrated
in Table I. A further comparison is
afforded by analyses reporied on
granite and diahase (Fairbairn,
[.W.. U.5.G.S. Bulletin 980) and
results obtained on samples of these
rocks using working curves estab-
Jished with coal ash standards.

The results given in Table TI. on
oxides, as determined spectrograph-
ically and chemieally by different
analysts, In many cases show as
great a divergence as do our results
when compared with the closest fig-
ures given, Percentage differences
range as high as 60. the results by
our curves for cobalt and mangan-
ese being high and those for vana-
dium Jow. Part of the difference
may be due to the difference in
major constituents of the coal ash
and igneous rocks used. None-the-
less, though the accuracy may not
average much hetter than 25 per
cent. the quantities of trace clements
given allow a valid comparison to be
drawn  between  different petro-
praphic intervals of the same seam
and between different seams.

AxaLyTican REsULTS

Average Trace Element Composifion
af Coal lsh and Coal, Sydney
Coalfield

The weighted averages® of fifteen
trace clements in 182 samples of

+ A{ter caleulating p.p.m. of ele-
ment in exch petrographic interval
which is a funetion aof percentage
ash., these quantities were weighted
according to number of inches in cach

spmple, and weirhited averages of
each <eam and of all seams ~wert
caleulnted.
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Taprr 1. COMPARISON OF ANALY

ELEMENT —
USGS. ! MILLER LABORATORY =~

Germanium. .. .. - k 0.13 : 0.16 T

Ty ——— 0.14 ! 0.15

Nickel. ..o cvimiemee e 0.014 i 0.013

Cobalts e commemsammnsss 0.0078 i 0.0098

Molybdenum .. ... ... oo ¢.002 ! 0.005

cre O HarsoUr e Skan

PERCENTAGE ELEMENTS

TapLe 11— COMPARISON OF REPORTED TRACE ELEMENTS 1IN GRANITE (G-1)
AND D1ABASE (W-1) WiTH RESULTS OBTAINED ON Coal AsH WORKING CURvgg
S —
PERCENTAGE OXIDES
——— 3
MILLER LaBoRr La
1U.5.G.S. BULLETIN 980 CoaL AsH Cl;f\g;oqgr :
I e RN, e i U,
Chemical Spectrographic Spectrographic
Va0 L), s s 0.032-0 05 0.018
CI'QO; (G-l) B Pl —_ 00015 - 0.0044 0.005
MnO (W-1)......... 0.10 0.20 0.26
MnO (G-1)......... 0.039 0.019-0.031 0.047
Co0 (W-1)......... 0.002 - 0.005 0.003 - 0.0044 0.007
Ni0 (W-1)......... 0.02 0.006 -0.011 0.0062
T
TABLE 111.— CoMPARISON OF TRACE ELEMENTS IN COALS,
CoaL ASH, AND IGNEOUS ROCKS
(g/ton or parts per million)
AVERAGE AVERAGE 1IN SYDNEY COALFIELD
ELEMENT | IN RicH e AVERAGE IN
CoaL AsH l In ash In coal IGNEOUS RoOCKs 2)
(1) p.p.m.-range p.p.m.-range "
Be. 30 | M 2 (1-2) 5
3 5 I —— 600 148 (52-220) 17 ( 6-25) 3 5
Voot 340-720 (3) | 120 (61-244) 14 ( 7-28) ‘ 150
Cr.. .. |180-300 (4) 45 (18-79) 5¢2-9 i 200
Mn. . |200-540 (3) |1.200 (165-2200) 140 ( 9-254) 1 1000
Cou 5o smm 300 87 (26-196) 10 ( 3-34) | 23
T oo o amss 700 131 (52-645) 15 ( 6-74) 80
0. v - 200 218 (115-550) 125 (13-64: 132
Ge. 500 44 (9-70) {50 1-8 7
As. 500 ap0 (280-2300) 100 (33-2701 5
Sr. . 560 (225-750) I 63 (7T6-87) 300
Mo .. 200 60 (18-105) LT 212 15
Sn. |6 (4-18) D1 (152 | 40
Ra. | 300 (18-2200) 35 (2-257) ! 250
Pb..... ... 100 1 572 (2,112-1,050) L 66 (25-120) | 16
1 .

Mason, . Principles of Geochie
“rich”™ coals.

HunTER, R. G.. and HEADLEE,
Val. 22, March, 1950

coal from 21 different localities on
9 scams, representing  somt 1.100
inches of coal, are given in Table
111 in parts per million of ash as
well as of tatal coal. Ranges in con-
tent are shown in brackets and give
4 measure of the variation in in-
dividual samples.

Comparison of the ash of Sydney
coals  with averages guoted from
Geldsehmigt and others for “rich
conl ash™ indicates the Sydney coals
are cspecindly enriched in Mn. As,
and Phoand are high xlso in Sr and
Ba. have the equivalent of Zn, but

The

RAankama and SaHAaMA, Geachemistry (19302, . p. 39-40.
Chemistry of Coal Utilization. vol. 1, 1815, p. 491 (alter
and RUsANOV. A, (1636) —averagerange in Russian cozl ash.

mistry (1952 p. 209 - after Goldschmidt. for

ZILBERMINTZ, V. AL

A) W, West Virginia Coals: Anal. Cheme

are much lower in Be, B, V, C:.
Co. Ni, Ge, and Mo. Comparing the
amounts in total coal {coal plus ast}
with the average content of igmee=
rocks. the coals are notably lower
in all clements given excepl B, A
and Ph. while Ge is abont :
same in both. On the other hand
we o eampare the amounts })rn'srn'- =
the conl ash only with thost
rocks, a marked enrichst

Tneous

i evident. in the coal ash. of B. iy
Ni, Zn, Ge. As. Sr, Mo, and b
a slight or no enrichment in Be A
and Ba. and a deficieney in A
and Sn. Amounts of Be, v, Vi, ;

Cenadian Mining ond Metallurss™>
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WEIGETED AVERACE OF TRALCE

TABLE IV

in peris per million

ELEENT3 IN CCALS

I 3] 1 ' 1
e |~ b ;
- -t o oo
— @ 4
n ~ 1 4q
g .8
5 ala 5 4 AVE . .
a8 27| %3 ] Asn :
Sean =gl c;':’::* % V |Crt Mn Co [Ki Mo| As| Ge | Ba |Sr B l Py Zn | 8a
HE Az A ) |
i
L1oyd Cove II. 30 3 12 10,74 7 2 1117 7 13 5 270] 1 2 26 25 121 64 1
Zarbour IV.,. .| 216,333 27 5.79 | 11 5 57 4 6 2 33 4 |17 45 6 25 13 1.1
Zackpit VI «- .. 396.519 55 15.8 15 5 254 16 25 |12 120 8 o |87 21 98 29 1.07
Thalen VII....| 1lEB.47 3 a7 10.02 | 20 6 77 3.5 7 6 106 1.9 9 55 22 20 141 0.7
ir. Junilse ... 1.5 )1 5 22,27 | 28 9 56 | 34 74 |11 105| B |257 |47 8 a9 24 -
TIil
Imry IX.. -, 28,3 | 1 5 12.6 13 6 19 17 17 4 160 6 14 | 49 10 48 21 0.5
Gardiner X+ .- 65.8 11 [15 9.99 | 19 7 22 8 14 5 99 7 12 | 65 12 37 20 l.4
¥ullina XI .- 66.6 | 1 14 a8.35] 8 4 36 5 2] 6 73 2 20 | BO 20 95| 15 1.5
Tracy IO1. .. 63.4 11 12 p0.96 ] 15 5 206 4 a 7 3 1 14 | 76 a] £9 30 B
3ydney seems
eregs of 9 ..111G8.92 21 |182 11.48 ] 14 5 140 10 15 7 (103 5 134 | 65 17 65 25| 1.09
5t Roas 2 -- - - 1 3 19( 7 79 8 |8 % 50 2 52 | 256 | 107 134 62| tr
3 charsctar
sanples,
Port Hcod 1 1 11| 6 23 ] 5 3 - 3 6|16 g 100 21 -
{cnaracter)

acd Ba in the two, however, are not
greatly different.

Of the elemnents which apprar in
Yzh concentrations in the ash of the
‘_s."'imi_\‘ coals, manganese appears
_Bost easily accounted for in view of
fLe manganiferous character of cer-
i horizons of the (Mississippian)
Windsor limestones and gypsum of
this region (Hanson, 1932) as well
% of the still older sedimentary de-
Bosits of the Appalachians, and, ac-
tording 1o Hanson, the higher than
-..J“Cmgt: manganese content of the
':;‘rf.(‘alnhriurl rocks from which the
*ediments of the Appalachian trough
_‘-‘:‘:".","-'Tc derived,

F It may also be surmised that some
':fation may exist between the high
®d content of the ash and of the
: ?J“Y_ Middle Devonian lead-zine
CUPosits of the Maritimes, listed by
|y fack (1930). and between the
'hglAﬂ!‘Sf:niu and the arsenical min-
E'z:a fmm_d associated with Devon-
!}-I' Branites of the area
Alurgt }927).
i1 On the other hand. the relative-
7 -;ntu“._"hmmium and vanadium con-
.. " the coals compared with the
; ;__;‘:""5'3 igneous rock suggests that
r"f.x.| .r.l;".}“ were S.l'.'lf(.'C in the areas
byt “hich the minerals of the cnal
part derived.

same

'\\'n-rll in

Viar November |

Comparison of Trace Elements in
Individual Coal Seams

A comparison of the trace ele-
ments in each of the nine seams of
the Syney coalfield and of samples
ol the St. Rose and Port Hood
stams is given in Table IV,

Those of the Sydney field are il-

wstrated in Figure 2. Intensity
ratios of 13 other elements were

also determined, the distribution of
nine of which is illustrated in Fig-
ure 3.

Though the number of samples
and of localities sampled varies con-
siderably, and, as will be shown
later, individual seams vary in trace
element content laterally, a com-
parison  of iadividual seams and
their overall trace element content
on the hasis of available data is of
interest. In this, only the outstand-
ing (ifferences will be stressed.

Differences of individun]l seams
in contents of V, Cr, Co. Mo, Ge,
B. and Su for the most part are
not marked, except in one or two
cases. Most important variations are
in Mn. As, and Pb, rarcly in Ba.
with moderate variations in Ni, Sr,
Zn. and B. These differences are
supunarized in Table V| ineluding
clesnents for which intensitv ratios
only were obtained. '

As will be noted, the Co/Ni ratio
for eight seams is close to 1:2 in
contrast to a 1:1 ratio in the Fmery.
St. Rose, and Port Hood seams. The
Pb/Zn ratio in all cases is greater
than I and in the majority of cases
is slightly above 2

In terms of the three units into
which W. A. Bell has divided the
coalficld (see tabulation on p. 712),
the Tracy seam in the lowest or
lonchopteris zone, compared with
athers, is decidedly low in As, is be-
low average in Co. Ge, B, and Ba,
bhut above average in Mn and is
highest in Ca.

The Mullins, Gardiner, and Fmery
seams, in the middle, Linopteris
zone. show steadily increasing As
and  Na, upward. very consistent
amounts of Mo and to a lesser ex-
tent of Ba, B, and Zn. and all are
relatively low in Mn.

In the npper. Ptyeoearpus unjtus
zone, the Lower Jubilee, Phalen.
Backpit. Harbour, and Lloyd Cove
in ascending  order. show.
with the exception of the Harhour,
high As. variable, low ta high Mn.
and fairly uniform Sr and B. Fx-
cepting the Backpit. they are low
in Ba but on the whele are higher
in My oand Ti than other seams.

S€nIns.
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IN COAL SEAMS - SYDNEY COAL RIELD
BACKPIT BLACKROCK -II

WEIGHTED AVERAGE

LLOYD COVE - I
w20

OF TRACE ELEMENTS

HARBOUR -IV
100 200
V T 2
Cr
Mn
Co
Ni
Mo
As
Ge
Bo
3 ®
Pb
Zn t ]

AVERAGE - NINE SEAmg

~D0ppm.
]

_Hgom

PHALEN - ¥ LOWER JUBILEE - VII AVERAGE - NINE SEAMS ]
100 200 300 ppm 200 100 200 -
. : : L : ; . 20 3005m
Cr
Mn
Co
Ni
Mo
As
Ge
Be
Sr
B B @ @
Pb B
In ) E— ) 1
GALRDINER - MULLINS -X1 TRACY -XII
200 30Cppm ¥0C 200 300ppm 100 200 300ppm
T 1 V T T 1 V T T 1
Cr Cr
Mn g Mn B
Co Co
M Ni
Mo Mc
As As
- Ge | Ge
gu . Bo
r Sr Rl
® Bk b I @
Pb H Pb
1 — Zn 1 ! ] Zn =5

@ Number of somples

Figure 2.—Histograms of weighted averages of trace clements in coal seams, Sydney

coalfield.

TABLE V.—MaJOR DIFFERENCES IN TRACE AND Major CONSTITUTION ELEMENTS

1N SynNEY CoAL SEAMS

LLOYD COVE  ieivreicemreeisinnramineenens Highest in As; high Ph; moderately high Mn; highest in Zr; and lowest in Al, Na, K

HARBOUR ooovvevressesimsesesiioss iesianeciinios Relatively low in all trace elements, Jowest ash, highest in Na, Ti, Ga, Y, Cu, and Ag

BACKPIT  ooossenndeissiis i s sss Highest in Mn and Ge; moderately high in As, Pb; second highest in Fe and Ca

PHALBE  ...cossmsaiismeg Highg?t in Mg; about average As; half the average of Mn: low in Pb, Zn, Ni. Co,
and /

Tt JUBIEEE! snosmasceimssomesrmrammen Highest in V; erratic (?) high in Ba; no tin; highest ash; lowest Na, Ag

EMERY coveeeeiaiviissersamseemseseaasesasiasences Lowest in Mn; greater than average As; Co/Ni = 1; second highest in Ti

GARDINER  ovvvureesersemeernssrnsinsssmssnnnass Sc(ém}g] Jowest in Mn: close to average in Cr, Co, Ni. Mo, Sr, B, Zn; highest in Al
an A\

MULLIRS  coocveeceienimmannmnee s Highest in Si and Fe; not greatly differvent from Gardiner, but higher in Mn. Ba,
Sr, B, Pb, and lower than it in V, Co Ni, As, Ge, and Zn

TRACY .o s Highest in Ca; second highest in Mn; lowest of Sydney coals in As

ST. ROSRE MO, 2 cvsaaismsemenines Exceptionally high in Ba; highest in Pb; second hgihest in Zn; trace enly of Sn: and
second lowest in Y ; phosphorus detected only in this seam; Co/Ni ==

TORT HOOD oeeeeieeeeeeeceiereesarnesaeenes Lowest in As. Ni, Sy, and in Y and Ga; low also in Ca; Co/Ni = 1

718 The Canadian Mining and l‘vlelz:.tl]mf!i‘-'C‘i
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Figure 3.—Histograms showing variations in intensity ratios of elements in different seams.

. % Coals of the Riversdale age, which

_i"f ht:]icved to be elder than those
M the Sydney coalfield, though rep-

fesented Jiere by only a few char-

¥ter sumples of the St. Rose No. 2

LA p i
- And Port Hged seams, are in them-

brlvey fairly similar in Cr. Co, Ni.
intensity

*rom ul] the Sydney seams (with

< Mie pxpnenmt: s
.. creeption of the Fmery) in hav-

Ha L T s
3 Co:Ni ratio = 1. but com-

::;‘Iint‘.'-'itf? the Emery have lower
Py 1-‘;) ”‘t‘ both these clements. As
% nn]"_ ove, phosphorus was dch‘(:'tA
TS 1_!1 the St.. Rose seam. in
Sy also boron is exceptionally

both  seams are well
average of the Sydney
ad and below this aver-

;:,3 l:n.\-ln' Co. Ni, Mo. As. Ge. Sr,

A0 while
"-".“.Q I

@ the
“ling il] IC

™
LIS, . .
f ove differences thos appear

wnt . = . i
™ Wt distinguish the varions

H Dy

L trom another. bot con-

P ST} ¥ e £

i il DY mare  extensive  sam-
L § ¢ sz . . £ i

_{‘r]_' Analvsis of several is still

bl s
“ior Newvemsber 1988, Montrs

Lateral Tariation in Elements
in Coal Seams

Samples of the Backpit, Harbour,
and  Phalen seams over distances
of 26. 6, and 2.8 miles, respectively,
have determine
the lateral variation in trace element
composition.  Histograms  (Figure
+) show the differcoces in three
groups of samples of the Backpit
(each group is an average of three)
and in three individoal samples in
ecach of the Harbour and Phalen
seams.  As these are discussed in
more detail elsewhere*, only a sum-
mary of the results will he given
here. '

been examined to

Backpit Seam:

The similarity  of  the
three groups of samples is shown in
Figure b particularly in content
of V. Cr. Mo, and B, Manganese is
relatively high in all. but somewhat

zeneral

A complete repore on this work is
on file with the Geological Survey of
Canada  and the Nova Seotia  Ro-
Foundaticn

searen

-1

lower in the Glace Bay section ly-
ing to the southeast. Co, Ni. Ph, and
Zn are considerably higher in the
Blackrock section while As. Ba. and
Sr are higher in the Glace Bay sec-
tion.

A striking similarity is shown in
trace elements and even in major
constituents in two of the Backpit
samples, Nos. 8 and 2, located 1.75
miles apart, as illustrated in Figures
54 and 5710 In these two locations.
the seam  contains  practically  the
same amount of V., Cr, Co, Ni. Mo.
Ge, amd Zn. thoush ash content var-
per cent. while  differ-
ences in As. Phooamd Sroace of a
relatively  small order.  Similarly.
the arithmelie averages of intensity
ratios for eleven other  elements
show  fair agreciment. partienlariy
in Al Feo Mg, Ca, K.Y, Ga. and Ag.

Table VI shows even more strik-
ingly the similarity in results for
ecizht elements determined in these
two samples on ash from individuoal

ies by 2

petrographic intervals, and it s

. o )
elear that exeeptionally stable condi-
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Ligve vt over the
two sites at the time of coal deposi-
tion.

Lions must atled

Harbour Seam:

In Figure 4B and Table VII, a
comparison is given of the trace
element composition of three sam-
ples of the Harbour seam. Here
variations in Mn, As, Ba. Pb, and
Zn are evident, but in no case is the
variation uniform in direction. All
three samples are fairly similar in
Co, Ni. Mo, and As, while, in at
least two of the three, similar agree-
ment is found in amounts of V, Cr,

Mn, Pb, Ge, Be, Sr, B, and Zn.

Intensity ratio studies show fair-
Iv uniform K and Ti in all, but an
increase in Fe and Zr and a de-
crease in Si, Ca, Ga, and Y {rom
west to east,

The general similarity of the
three samples agrees with the find-
ings of Dr. Hacquebard (1951, p.
20), who notes for this scam that
“certain characteristic horizons or
divisions have almost the same petro-
graphie composition over the cntire
coal field".

Phalen Seam:

In the three samples taken over
a lateral distance of 2.8 wmiles,
weighted averages of Cr, Co, Nj
Mo. Ge, and Zn are fairly uniform,
though ash conient increases from
west to east. Mn shows the greatest
variation. As and Ti increcase cast-
ward. and V. B, Pb. and Ga and Y
decrease in this direction (Figure
4C).

This seam has a prominent part-
ing below interval No. VIII and
above interval No, ITI. Within it,
in places, are minor coal layers. A
comparison of the intervals Nos.
XIV down to and including VIII
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Figure 4.—Histograms showing lateral
A —Blackrock-Backpit;

of the three samples. and of the
lower three intervals in each, is given
in Table VIII for 14 eclements.
Variations in composition for the
most part are relatively sinall, with
the exception of amounts of Mn, As,

ﬂl’!& S!’.

Weighted average of eigh! intervals

Sample 8
100 2_cl>0 300|1:»Dm Squm
v v
Cr Cr
nn B Mn
Co Co
Hi o Ni
Mo | Mo f
As § As
Ge Ge
S St
P Pt
Zn ] Zn 3
16 % Ast (7777773 12 8 */o Ash
pe————— [nstonce belween somples 175 rmlcs——-l
Figure 54.—Histegram showing comparison of samples Nos. § and 2,
Backpit scam,
720
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variations of trace elements in coal seams

B.—Harbour; C.—Phalen.

Variations. in the same sectons.
of eleven elements determined as @

here, are small in many cases for at
lenst two of the three
especially Nos. 4 and 2.

BACKPIT SEAN - SAMPLES Boens D
Intensily rehes

20

| ISP S— 1

Y N O [N WIS, P M PO e P

B T . |

TR S R R T M T
Figure 5B.-—Intensity ratios of

samples 8 and 2, Backpi:
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TABLE V1

BACKFIT 3EAM SFIZS VI - 8 and VI -

COMPARISCH PARTS PR MIILION OF ELFAMENDS IN COAL FIUS ASH
% Ash Vanadivr Mangasese [Chromiur Cobalt] MNickel | Strontius{ Boron Molybde- | Zinc
nun
]
Interval | 8 | 2 | 8|2 | 8| 2|B:2 |8 |2 |8 !2|8|z2 |8 |2 8] 2] 8| 2
x T
VIIIsee... .| 38 43 42 (42 [210 § 781 |12 Il4 14 |15 B3 iﬁg 76 {96 15 30 18 26 o8 56
VII-von-- 34 17 32 |17 429 | 536 |12 |1 8 [13 7 A7 | 8 B6 |74 nz 14 27 23 38 23
!
VI -1 15 13 8 9 291 | 534 3,4 12 |7 9 10 |46 |60 L1145 14 21 | 15 20
Voeereoeas| 10 1n 10] 9 156 | 133 5 3 2 4 o i 7 34 |71 gz 57 9 15 17 17
IV eao. 8.5 3.8 5 4 98 96 2 2 3 1l |3 i 4 26 |48 29 4 15 7 21 ]
l
IIT.--»:.+| 19 10.5 81 4 B9 38 1]1 212 |2 f 2 |49 |60 nd 19 16 8| 15| 12
II:¢0 --.|10 14 61 7 58 | 94 313 1|4 2 | 5 (30 (14 7 3 6 |11 | 12| 19
i
1
Iveran 17 15.6 15 | 20 391 | 218 2 2 13 2 /31! 3 71 |80 nd tr 11 15 15 20
i
wttd =16 15.8 12 {11 285 | 258 4 4 6 5|8 8 47 | 64 L1 30 13 16 19 20
Average
I
TABLE VI1I
CEPARIS@ OF HARBCUR SEAM
Samples IV - 3,12,22
Elezents in ppm (Welghted averages in Coal)
Ash % | Inches | V¥ Cr { ¥n Co |Ni ‘!Ho As Fb Gs Be Ba Sr B | Zn Sn
Sampls 3 (4.7 70.03 14 4 17 3 '2 34 46 a8 3 nd 61 9 17 1
Sempls 12 |4.34 64.3 7 3 98 4 5 !2 20 13 0.6 0.4 37 58 3 6.0 2
3k |
© . Semple 22 |@.0 78.88 | 12 | 4 |80 | 4 |7 {2 38 9 | 1.4| 0.5 1.5|36 |5 |16 | 0.3
i
Intensity Ratios - Arithmetic Averages in Ash
law
Feg S1 Al Mg Ca Na K Ga Y Ti Ag Zr Cu
——
1 |
1
- Seple 3 | L6 3.92 1.74 3.16 | 4.87 3.59 .89 : 3.26 | 3.5 | 13.76| 0.46 | 0.86 7.3
|
“%le 12 |1.57 | 1.94 | 0.78) 4.14 | 1.94| 5.31 | .65 | 1.64 | 1.76| 13.4 | 0.26 | 1.05 | 9.84
“mple 22 (3-50 | 1.80 | 0.84] 177 | 1.38| 1.11 .93 .77 .90{ 10.8 | 0,07 | 1.88 | 4.91
""—-_,___i_;
<1 - . ..
rLgﬂneral the lateral variations Fariations 1n Compasition of terval are as great as twenty times.
"‘Pe ‘:30 Seams are what might be Petrographic Intervals This fact strongly supports the sub-
1 :ed in any sedime satary series divisions of the scams into such in-
-‘mdﬂurcc:, of which may have Analyses  of individual petro-  tervals as carried out by Hacque-
from time to time. A much graphic intervals for each locality  bard and associates on the basis of
OMensive study would be re- sample have been determined both  type of coaly matter present, as the
;‘_ 1’ I“’“l"\(r to trace in detail in  terms of percentage ash and  variation in trace elements noted
b 1%{_“’”" of this type. A knowl- p.p.m. of total coal. In both ecases, can only be interpreted as indicat-
. ”I the variations is of more for all scams, it is found that very  ing either a change in trace ele-
1 - . = * =S - .
% r“‘ importance in the proh-  seldom do suceessive intervals show  ments. from time to tme. in the
Y. (‘U!‘rtlntmu andd distinetion of  the came amount of any element, original plants, or in the amonnts
(l . . . . -
by trace element analysis.  and wvariations from interval to in-  and quality of the sedimentary mat-

bt b S R F 2

: icr NC‘.‘r}.;.

1
s

1955, Maornliza’
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CMPARISQH OF FHALEN SMM LIRS, AOVE AND HEELOW MATN PARTING

Flenents in Parts per ¥illion

Average above parting - sample intervels VIII-XIV

a.
T—
Sezrple Inches v Cr ln Co Ni Mo hs Pb Ge Be Bn Sr 8 g .
s
Phalen...| 31l.42 13 3 52 3 6 5 39 22 2 1.6 1.4 £0 £9 |19
VIi 3
4 .,.] 30.1 11 3 154 1 3 2 14 6 4 l.2 ]| 3.7 15 |15 6
2-.-] 3l.4 9 4 53 3 5 2 90 10 1.7 2,5 1.3 | 30 |13 n
b. Average below parting - semple intervals I-II1
Sample Inches v Cr Hn Co Ni Mo AB Pb Ge Be Ba Sr B 2a
Ppelen .-| 12.46 78 15 12 9 23 8 66 58 2 3 tr 25 |31 | g2
VII 3
& co+| 1B,52 2 4| 96 | 5 7 |17 =286 | a2 | © 3 47 |180 |12 |26
2..4] 15.2 7 2 66 1 2 13 28 10 ol 2 7 126 2 12
TABLE IX
VARIATION IN ELRMENTS T PETROGRAPHIG INTERVALS
Llovd Cove Seam - II-1
Percentage Elements in Coal Ash
T T
I i
P o
= . = @ i
¢ g | ‘
L) = 2 v Cr Mo Co Ni Mo As Pb : Za Sn | Ge Ag |Ba Sr B
= I R H i
[ i
m'ﬂ%.ﬁ 5.5|.012 | .003| 0175 .0062 020 .003 ,260 | .140 | .260 .007| .0001}tr .010 tr
II11130.5 6.8 |.002 - .020 .oo0B | .Q0Z .ooz2 .230 | .100 | .009 0ozt . - ir .022 tr
YIT.. 7.55112.8 [.006 .001| .400 .ooo08 | .003 003 .020 | .050 | ,017 | .001 .001 | 0001 |vr .021 045
i
X3-- 5.7 0.5:.010 ¢ .004 | .110 .0008 | .010 .003 .- .105 t 032 - = - -7 tr -7
X 4.0 8.0 .DOﬁl - .400 - 005 003 .280 | .190 | .02E | .004 .001] .0D01| tr .052 .100
1v...| 2.02| 2.6:.011 .008| .140 .0020 | .005 .002 .002 | .070 | .0450} .002 .005| .oc03} .006(.028 .100
v111i| 4.54|22.5|.003 .0D1] .094 .0ooB | .001 .003 ,300 | .120 | .028 | .U03 .001) .0001 - .029 070
VIiIi«|[27.6 5.4 [,013 | .003 | .160 L0300 | 046 .007 .166 | .105 | .015 | .001| - <.0001 tr 022 .009
Iv--| 5.86| 7.4 {.005| .002 075 L0015 | .00S 011 .780 | .135 | .015 | .001 ,003{ ¢.0001| ,018 |.029 00
11I--|20.4 1.1 .006 | .009| .094 0008 | .0026| .0OL - .025% | .005 - - - = - 037
11 5.41| B.9 [.004 | .OO1 ,039 .0026 | .0027 | .005 .450 | .0B2 | .O0% .001| .005|¢.0001 .006|.024 .001
I g.2al| 8.5 ].007 | .002| .05% .0017 a.DOET .00B l .450 ».200 |}.260 ,003| .080| .0001 .012..037 .050
|
ter heing deposited with each inter-  fom intervals. This s particularly ceptions to this general rule :lr‘lfi
true of Mun. As. Pbh. and Ge and  an explanation for it will not be

val. or hoth.

Study of analyses of intervals in
411 seams shows another interesting
feature in that certain elements ap-
pear ta he cnriched in the ash in one
or othier, or hoth, of the fop and Do -
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is frequently the case in Co and
Ni hut more rarely for V. Cr. Mo,
Ra. Other ckanents reach their high-
est concentration in intervening in-
There of course, Ux-

torvals, are.

attempted at this time®. A similat

“W. €. Gussow has sugpested 19
the writer that baeterial action may
acecunt for this feature.
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Lsavinur has been reported tor ger-

- yaium in other coal seams. Exam-
Cion of these variations in inter-
o1s shows that pereentages of some
_nu.tli increase  with  percentage
Cas is sometimes the case for V,
.. and Mn. but most other ele-
uts for which quantitative data
o available seldom show such a
~lation. nor is the vurl.Ltmu, even
sen. at all proportional to the dif-
ference in percentage ash.  Irom
dis, the inference may be drawn
it no great degree of uniformity
etisted in source of supply and in
depusition of mineral matter during
Ae accunulation of the different
otervals nor in the amount of min-
esal matter contributed bv various
wpes of plants themselves
As t‘"un;l]u of these ariulicms.
the reader is referred to Table VI,
far two samples of the Backpit semn,
sz Table IX, showing the results
a1 the Lloxd Cove seam in which
wh umte'nt in the intervals varies
i 2 to 30 per ocent.

Mrmhrmf in Composition of In-
fzrmlx with Varying Organic and
Iron Sulphide Content

: The organic content ol petro-
gnpllw intervals of several seams,
suh-:t in terms of fusain, vitrain,
shazain. elarg- durain. and durain, as
1l as the pyrite n-nnt‘_nt has heen
etermine] by  P. A, Huaeque-
Srd*(1). A study of these and the
"‘rulanmm and zine content lhas
“th made and s reported else-
Fhere by the writer} (2). Suffice
~ o say here that preliminary ex-
hﬂll'l'll.mn of coal constituents in
’l‘f"“t samples of the Backpit and
thour seams fails to show any
ar !'Llntlumlup between them and
e traee elements,
i !w:-"[i]ﬂtl;nc relationship may exist
Hntent f!c pyrite (or [l).lr(‘]blh,‘)
ey CI“U , the coals and _ccrt:ml
&‘hanm;ts is su;._{gt:s-tcd in three
4 the ) wo pyrite-rich samples
Mgty f(Roqr seam show equal
gl “‘: o amd Ni., but in a third
Prved g which no pyrite was oh-
. '!“llh]L. amount of th(::w, elements
- ¢ or treble that in the other

ey
li_)' In Harhour V-3 sample, the

“h
& ang % i
& 1 hl)ttl)ll] ”ltLTV'll'i are TIC]H‘I"

~_‘i"l,r:lt‘“:“-l‘- they are in Co, Ni. Ge.
: i““mn]tmmh not in pm[mrtlnn to
% \m H‘Uf prrite. Inttt’v\-l} I['nf
56 rz[:{-”.n' tlm.u_gh. lou.' in pyrite.
Mvely rich in Co. Ni. and
"'.-‘-'1.‘)"’}'t of a rider seam (IV-
& e the Harbour seam. con-
Soth permanium, also ear-

- o

) -L“-‘_, :
T I which, on separate

1
“ohowed both zine and T
Ghad
ai s s
St tummunieation,
iy

0te on first page,

" Noven.her,

maniun, Althoush the su]phidc con-
tent of portions of certain semns
may account for some of the trace
elements such as Co. Ni. Ge, Ph, and
Zu, it does not alone explain the
distribution found.

Scepuaration of organic constitu-
ents from the mineral matter of one
interval of the Lower Jubilee seam,
by means of heavy liquid, and an-
alysis of ash subsequently obtained
from light, wedium. and heavy frac-
tions, clearly shows more abundant
Ce, Ge, Be. Zn, Sr, B, Ti. and Y
in the light and intermediate frac-
tions than in the heavy. Only Ga
and K are most abundant in the
lightest fraction, while V. Co, Ni,
As, Pb, Ba, and Fe are highest in
the lieavy fraction. as might be ex-
pected. The intermediate  fraction
actually  contains  the  greatest
am()uuts of \In Be, Zn, Sr, B, Si,
Mg, , Ga, and Y. while Mo
and \5 are .shout equal in both light
and heavy fractions. This distribu-
tion in light and intermediate frac-
tions is about the same as noted by
Goldschmidt (1937) in coals of low
ash content,

Correlation Problems

Three correlation problems have
been studied in the Hght of the trace
clement compasition of coal seams
in the Sydney {ield. One dealt with
the relation of the Gardiner and
Mulling seams, a sccond with the
lower part of the Phalen and Lower
Jubilee, and a third was raised dur-
ing this investigation as to the exact
relation of the Blackrock section to
the main Backpit seam.

|.—Gardiner-Mulling Seams:

With regawnd to these seams, T, B,
Haites (1932, p. 205) states:

‘In the New Waterford district
(the Mullins) seam is 6 {eet thick.
However, it has not been traced with
certainty south  of the Bridgeport
hasin. On the other hand. the Gard-
incr seam is known only from the
Glace Bay district and has not heen
discovered in the New Waterford
district except for the Robert's pit
on the north shore of Bridgeport
basin. In this area. both the Mullins
and Gardiner seams have a ‘rider’
seam. and  their  thicknesses  and
stratigraphic positions mateh rongh-
Iv. Moreover, their sections show
certain coal  petrographical  sini-
larities (P. A, Huacquebard)”

Sinee  this  statement  appeared.
Hacquebard® has indieated that ad-
Jditional samples do not contradict.
bhut rather soppoert. his earlier ob-
servation on the similarity in petrn-

‘I—pr.mnal communication,

graphic composition hetween the two
seams. A comparison of their com-
pusition as shown by spectrographic
analyses is therefore of some inter-
est. particularly in view of the other
similarities noted above.

Samples of the two seams an-
alvzed are from localities six miles
apart and obviously, even if the
samples were from one and the same
seam, some difference in trace ele-
ment content would be expected.

Overall averages for all intervals
in each of the two seams have been
given in Table IV, and are illus-
trated in Figore 2. Dealing first
with those elements noted as show-
ing the greatest variations in the
whole coalfield, namely, Mn, As, Ph,
and Ba, differences in content of
these elements in the Gardiner and
Mullins seams are of a rather small
order, except possibly for Pb. Dif-
ferences also in Ni; Sr, B, and Zn,
which vary moderately throughout
the field, are likewise small, and,
as is the case with the first group
of elements, much greater variations
are found in other seams than be-
tween these two. Greatest variations
are in amounts of Pb, Ge, and V, for
which differcnces are greater than
two times, Greatest variations in in-
tensity ratios are in Y, Ga, Mg, Cu,
Fe, and Al. but again still greater
divergenee is found in othuer seams
than between these two. The simi-
larity in amounts or intensity ratios
of Co. Mo. B. 7Zn. Si, Na. and
especially of Ti, may be noted. Of
2ll seams. as noted earlier. the
Gardiner has the highest Al and K.
and the Mullins, the highest Si and
IFe and lowest Mg, On this basis,
however, no very clear distinction
can be made between the two sam-
ples. which have similar ash con-

TABLE X.-- COMPARISON OF (GAR-
DINER AND MULLINS SEAMS
Intervals I1I to X1T only
1 Weighted averages in parts per million

(, ARDINER |’\[L1 LINS

V. Y e
Cr... . : B i
Mn. 26 29
Co ... . 6 P
W 10 T
Mo. a9 £
As 21 a3
Ge. 24 3
Sroo 67 L1056
Ba . 15 20
Pt 15 104
Zn. i 13
Inches . . 31 3n, 32 9n
Av. 95 ash A oy 78

tent. thickness, and coal contituents,

A further comparison of the twao
seans s riven in Table Xooin which
the averace of twelve clements in in-
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tervads 11D to N11 ondy. below the
contral parting, are presented. Ac-
cording to Dr. Hacquebard,  the

petrographic  composition of these
intervals is very similar, Here we
sce the close correspondence in Mn,
Ni, As. and Ge. Four others, Cr,
Sr, Ba, and Zn, vary by less than a

factor of 2, while only V and Pb
show a much greater divergence.

From this it must be inferred that
the two scams were formed under

very similar conditions throughout
their history. ‘The trace clement

studies do not assist in distinguish-
ing them, but rather may indicate
that they are one and the same seam.

2. — Lower Phalen and Lower Jubi-
lee Secams:

In the New Waterford district, on
the east side of Sydney harbour, the
Phalen scam outerops in a eliff
section from which sample VII-3
was taken. Stratigraphically, ap-
parently, below this is a seam local-
Iy known as ‘Below Phalen’ and
named the Lower Jubilee (VIII).

The question as to whether the
Lower Jubilee scam (intervals I-IV)
is the cquivalent of the lower part
of the Phalen is considered to be of

much importance {or tracing the
Phalen scam in the area west of
Sydney harbour. A comparisan of

trace ¢lement content of the Lower
Jubilee (VIIT) with samples VII-3
and VI1I-4 of the lower three to four
intervals of the Phalen seam is given
in Table X1. Sample VII-3 (Phalen)
comes from about the same locality
as the Lower Jubilee. but sample
VII-4 is {from a locality about two
miles away,

The analyses given show that, of
the fourteen clements listed in
p.p-m., ecight show differences by a
f.i(tur of 2 or more as hetween the
Lower Jubilee and cither of the two
samples of the Phalen seam. Seven
of the elements are present in great-
er or smaller quantities in the form-
er, onc is in eqnal amounts. and six
fall between the extremes of the two
Phalen  samples.  Intensity  ratios
show higher  Fe. lower Ca,  and
shightly lower Y and Ti. in the Low-
er Jubilee. but intermediate amounts
for the other seven elements.

on the
though
the balanee is somewhat in favour of
1]1( seams heing different entitics*.

‘T]11< conelusion
recent studies of fossil spores and
petropraphic character, the results
of which will be puhlished shortly by
M. Grace Somers (Proceedings of the
2nd Coal Conference held at Cristal
Cliffs. July. 1052, N.S. Dept. Mines
and N.8 Rescareh Foundation.

A clear-ent distinetion
above hasis is not possible,

iz

confirmed by
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TAEIE X1

CCMFARISEN CF LOZR JURILERE AND LOSER INTERVALS OF Tk PRIl
1 Sh-l‘
Elexents in Parts per NMillion
\.
Element Lower Jubilee Phalen VII-3 Phelen Vileg
Intervals I1-IV Intervels I-III| Intervalg I-17
13.5" 12.46" 18.5pn
Yoo sen s 7 28 78 21
Crozisy & wa g 15 4
Mn . - . 56 12 86
2, 34 9 5
Hi.,. F 74 23 ]
o ,. . 1 6 17
As . 105 6E 286
Ge, ... B8 2 -
Bo . o« oer e 7 3 3
Ba . .-.- 257 tr 47
Sr.... 47 25 180
B.i.., B 31 1z
Ph..... 89 5e 4p
YA WP 24 24 26
T
Intensity Ratios
T ——
S54..... 1.39 4.93 1.17
Al - - ... 0.99 1.55 .38
Fe . ' 2.83 1.85 1.60
Cau-us. 0.80 4,76 l.82
Mg .. . 1.39 « 27 6,03
Ha . .23 1.34 2.22
K . « 1.19 2,56 0.42
Ga - & & 1.81 3.02 0.75
Y . R 2.10 3.16 2.70
i I 3.31 7.09 4,12
Ag .. .. tr 0.10 tr
L

3.-—Backpit and Blackrock Seam:

The Backpit seam can be traced
almost continuously from the Glace
Bay area and through the Sydney
Mines and New Waterford sections.
over a distance of about 20 miles.
H]\ column samples — XNos. 4. 10,

3. and 1, 2, 8 -—— of this portion
?m\'u been analyzed. To the north-
west. an uncxplored gap exists be-
tween saumples Nos. 8 and 5 (Figure
1), and the northwesterly three
sumples Nos. 5, 8, and 6 are {rom
what is known loeally as the Black-
rock seam.

A study of the analvtical resnlts
~hows that there sufficient Jdif-
ferences between the Blackrock and
the main Backpit seam to suggest
that they may  be different seams
rather than showing somewhat
Jateral variation as disenssed
A coniparison of
the difforent
cennts s shown in

arce

one
erratic
ahove. averages of
seclions

Figure

analyses for

nf these

HUR
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Though the average of the Bluck:‘_:-

rock samples shows a rather similay 2

Cr, Mn, B,

content of V,

and Sntp

that of onc or other of the Dackpp

seetions,
Mo,
higher in Co, Ni, Ge, 7Zn, and par
ticularly  higher in Ph, than the
Backpit. In addition. intensity ratip
studies of other elements show lowee
Ca, Na, _
the Blackrock compared with the

Backpit samples. It is troe, howerety
Backpit propers”

that. within the
variations of about the same magnls

tude do occur and no conclusion ii_ 3
Dr. Hacgue

possible at this time. !
bard? has also raised the questios
as Lo what seam the Blackrock might
be correlated with if it is not a part
of the Backpit. Could it Le a psft
of the Phalen seam? .
ples of the latter are about 8 miles
and are thus too distant 1e9
justifiable correlation by thie
Available analyses of

aWayv
any
Nieans,

$1'ersonal  communication

the Blackrock is lower in’
As, Ba, and Sr and distinclly:?

and K and higher Mg I
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vhalen (VII-3) show it to be dis-
sactly lowar in nine elements and
aixhier in one, so that no such cor-
wlation seems warranted. Possibly
further study of petrographic inter-
rals may shed some light on this
problem.
In summary, trace element studies
sppear to confirm the similarity of
" the Gardiner and Mullins seams, two
shich are generally considered to be
different seams. They also support
o some extent the conclusion that
the Lower Jubilee and lower part
of the Phalen are not parts of one
seam, and they raise the problem of
the exact relation between the Black-
% ok and the main Backpit seam.

ConcrLusions

{1} In comparison with the ash of
- ather coals. those of the Sydney
Fcoalfield are enriched especially in
csanganese, arsenic and lead, have
ahout the same amount of zine, but
e lower in Be, B, V, Cr, Co, Ni.
“le. Mo, and Sn. They are much
Mgher in 87 and Ba than the aver-
ge of igneous rocks.
t= Enrichment of the Sydney coals
i manganese and possibly in barium
and strontium may be related to
,‘!hc manganiferous character of both
he (.\Iississippian) Windsor linie-
'_-'—__ﬂom's and still older sediments in
the Appalachian region, on the one
#nd. and of the barite deposits, also
;d“f'tlﬂ[lt'd by replacement in  the
L Yindsar vocks, on the other. Sources
.:71 hizh arsenic, lead (and zinc) may
'-‘:;!GT: h‘c‘tn t.hc arsenical and lead-
mineralization throughout New
Mmswick and Nova Sactia. which

i W | B 5 B
}?C_-'lhcrmcd to mid-Devonian grani-
Intrusiveg.

{2) The averape of individual coal
ms E‘Fltl‘\‘s distinctive differences
(‘l‘rt..'un tlements, but the useful-
B 0L BHi% ap o masaris of corrsla-
. l:-l-;hml'icsnnww]mt Iir.nitr:d by the lack
ate sampling and analvses
{_R‘__:El“:::ill_smjllns ..'m(] by thr:' .l{rmu'n
'Iitrg, -Iirl‘:llmn in cnm].ms.ltmn of
in c-m:lt‘ult marked \'.'ll‘l:i.fl;]ll.‘; oc-
3 i 't.nt of Mn, As, ”?j aEul
b 0 P35 less marked are Ni, Sr,
Individual seams vary

+ ang B
Mtent of V, Cr. Co. Mn,
Sn, '

L

- in
AT

o4y v
T

y "_221‘{ti(3115 in‘ Ll‘.'l't‘(_' elements
”‘_,1' ‘“_'H'('nrrmg in- the three
Couits ontlined by W, AL
oy follows . i

:

. Laney

o

N " oAss Below
-

e ‘“‘ 4 aboyve

w_:.ﬂ‘\t 511 {_..'l

opleris zone:

averaoe in

Averiage in

_\Ii(h”I_“*LI-HOPtt’r{'.“ cone;
Steadily increasing As and Na.
upward: relatively low in Mn

Uppe:r—Pf_ycocarpus unifus zone:
High As with exception of Har-
bour seam; low to high Mn; low
Ba and high Mg and Tj

Coals of an older (Riversdale)
age, lying west of the Sydney coal-
field — the St. Rose and Port
Hood — on the basis only of char-
acter samples, differ from all but
one of the Sydney seams in having
1 Co/Ni ratio 1, and in all cases
are well above the average in Pb
and below the average in Mn, Co,
Ni. Mo, As. Ge, Sr, and Su.

(+) Lateral variation in composi-
tion of the Backpit seam over 26
miles, of the Harbour over 6 miles.
and of the Phalen over 2.8 miles. is
noted, but in general is not regular
(with the exception of the Phalen)
for most elements in any one direc-
tion. A strikingly similar content is
shown for two samples of the Back-
pit seam, 1.75 miles apart.

(5) The variation in trace element
composition of coal petrographic in-
tervals in individual seams is ratfi-
er pronounced and confirms the
validity of this classification. Fn-
richment in either the top or bottom,
or hoth, such intervals of many
seams especially of Mn. As, Pb, Ge,
and frequently of Co and Ni, is also
evident, as noted by other investi-
gators in other coals.

{6) No striking relation las vet
been shown between trace element
content and the organic (fusain, vi-
train, clarain. ete.) content, as de-
termined in the Backpit and Har-
bour (IV-3) intervals, but fraction-
ation of one sample (Lower Jubilee)
with heavy liquids showed a greater
abundance of Cr. Ge. Ba, Zn, Sr.
B.Tioand Y in Light and intermedi
ate fractions than in the heavy frac-
tion. These are amone the elements
indicated by Goldschmidt as com-
monly enriched in low-ash coals.

Thougly no consistent relation can
be shown between Co and Nioand
pyrite content, some relation is S
gested by results on the St. Rose
and Harbour (IV-3) seams. In the
latter. pyrite is more abundant in
the top and bottom intervals than
in between.
correlation

(7) Three problems

have heen studied in the licht of
trace  element compasition ot the
coals. The Gardiner and Mullins

seams, similar i total thivkness, <),

and petrographic  composition, are
also very similar in trace elements
both in individual and overall aver-
age. If they are distinetly different
seams they were formed under sur-
prisingly similar sedimentary con-
ditions.

Differcnces between the Lower
Jubilee and two samples of the lower
intervals of the Phalen are evident

and  support the conelusion that
these are not to be related.
The Blackrock section of the

Backpit scam shows sufficient dif-
ferences from the more easterly part
of the latter to suggest that these
may mnot be simply due to lateral
variations and that the Blackrock
may separate seam. Further
study of this is nceded before any
final conclusion is drawn.

be a

(8) Study of the distribution of
germanium in the ash of coals from
this arca has been made and shows
it to be similar to that in other
Pennsylvanian coals but well below
that of Cretaceous coals. Details
are given in a separate paper else-
where.
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The Colonel John By Memorial Fountain

Depteariox Cenremoxy 18 OTTaws, QcTtonen 5TH, 1933

HE Engincering Institute of

Canada paid impressive iributc
to one of the greatest military en-
gincers ever to set foot on Cana-
dian soil when, on October 5th,
they dedicated a magnificant memeo-
rial fountain honoring ColLonkL
Joux By, huilder of the Rideau
Canal and founder of Bytown, which
beeame Ottawa and the capital of
Canada in 1855, The fountain has
heen erected just off the Federal
District Commission Driveway in
the heart of Ottawa, and just a few
lundred feet away from the canal
itself.

Of red granite. the fountain was
designed and built by Sm CuanLes
Bannry, R.A., Architect of the Brit-
ish Houses of Parliament. It stood
in Trafalgar Square, London. from
1845 until 1948, when the Nation-
2l Arts Collections Fund of Fng-
land presented it to the National
Gallery of Canada.

When The Engincering Institute
of Canada sought a fitting mewo-
rial for Colonel By, the Gallery of-
fered them the fountain. The Fed-
eral District Commission offered the
present site and the City is pro-
viding the fload lighting and water
supply.

Dnr. R. F. Heantz, President of
The Fngineering Institnte of Can-
ada, dedicated the fountain at a pub-
Ve cersmony attended by Federal,
Provincial, and Municipal govern-
ment representatives and officers of
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The Colonel By Memarial Fountain.

(. 10 r.) Dr. R. E. Heartz, President E.].’('_. :'—-Eon.
R. H. Winters, Minister of Public Works, Brig. J. L. Melvilte, Hon.
Col. Commandant R.C.E., R. F, Legget, Chairman, Owtawa Branch ELC

In foreground

the Roval Corps of the Canadian
Fongineers.

Public Works Minister R. H.
WixtERs, unveiled a plaque al the
fountain which tells its story. and
Baigapiee J. 1. MELVILLE, Honor-
arv Colomel  Commuandant, Roval
Canadisn Fngineers, unveiled asee-
ond  plague commemaorating  the
achicvements of Colotiel By.

Prior to the dedication ceremais
AMavor Charlotie Whittaz address
members of  the Engir:zring i
stitute and their aver #07 zuests
a luncheon in the Chariaz Lauri

The Roval Corps of Canaduy
Foangineers })rm'i{icd an hronour gus’
and the Ttoval Corps 7 Canad:

hand played azpropre
during the wre-ing o

Signals

music
monics.
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