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The Correlation of Kootensy Coal Seams ,

By Charles B, Newmare

ABSTRACT ; & 5

In the course of coal studles undertaken by the B.C. Department
of Mines in scutheastarn Sritish Columbism special attention was dirscted
to problems of cosl seam correlation, Mathods thad had been used
sutcsgsfully in other coalflalds were found, in the Crowsmest area, %o
have & restrioted use or furnished unly additional evidencs that might
prove helpful whon used in conjunction with other eritania, -

A corralation technique involving semi-quantitative spectrographic

analyses of coal ashes was doveloped. Eloments detacted in the ash includs

8i, B, P, Fs, Mg, ¥n, Pb, T, Cr, Cs, Ca, AL, Os, 3a, Ko, ¥, &g, Yo, Ha, Zn,
Zry B, Co, 5r, Cuy K. OF these the elements Pound to be most useful in

- correlation were, Ha, Ba, Si, ¥, and Mg. The elewont Na was invarisbly

detectod in the ash from one of the seams bub was not found 4n sansles
taken from the other coal seams, In all of the four seans sanpled
statistically slgnificant difforsnces in the amount of sertain trace

alements were nobed, ﬁh_ah ths values obialned for ihess trace elawsnis

wore portraysd in the furm of histograms the rasuliing diagrams had a
characteristis shape for each sesm. Tha dimgrams provided a basis fop _
sgan identifioation within the limited ares (&500 feol by 5000 feet) that
wag investigated.

X Part of a manuseript in preparation for submission o Princeton University
in partial 2ulfiliment of the requirements for the degree of Doctor of
Philosopiy. Published with the permission of the Dopuby Hindister, B,C, .

- Dopartmsnt of Mines, :

2 Gsologist, The Crow's Nest Pasa Ceal Co. Lid,, Fernie, B. G,
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THTRCDUCTICN

During ‘l;ha $isld zeasons of 1946, 1947, and 1942 the British
Columbia Dagarbzent of Mines undsrtook a geological Investigation of the
eoal msasurss of southeastorn B.C.  As field work pm;rassed in the
Crowsnsst area it was found that within the Kootamay formationm, which
containe all the commorcial seams of the region, that tha coal bada
are the zost persistent stratigraphic units. Becauss of relatively

'rapiﬁ changss in beth the thickness of the ssams and the interval

botwaen ssazs, difficulby has invariably beon experienced in attempts -
at correlation. Even short-rangs comlauona by abla geologisis who -

A pephiid + FF 2
have worked in the Growsnest Coal Basin have been éegardsd with auspicion)
by the operating cempanies. It was apparent, thersfore, that a more

dependadle sorrelation teshnigue was needed so thab stratigragiic and

_ strustural studies could be of greatest value,

This paper preseats firstly a swmary of the rosulis oblained

" in attanphed eomiétion_s using mebheds that have been found effeciive

in othay conllisids., Seccndly, 5 method based on senf-quantitative

spectrographie analysis of coal ash is described and the appareutly
promizing resulis are diseueged.
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PART I ~ GORRELATION OF COAL SEAMS BY ESTABLISHED OR SUGERSTED HETHCDS

€O 4 purvey of the literabure showed thab the following methods
| havs bean used with varying sucoess in the corrsiation of coal seams,
1, Lithelogy and Stratigraghy X -~
(2) Cyslothems
(b) Harine bands
{c) Continucus trseing
2. Plant Remaiva = c
{a) ﬂiatﬁ.bution of Flora
{b} Spors identification
(¢} Callular plant dobris
3. EHon marine fossils
| 4. Iohersat charaeters of ths seanm
O 5, Fusl Bablo '
6. Ooking charscteristics
. An abbempb was zmade %o apply or avaluate the effectdvensse of each
of these methods in the Crowsnsat ares,

1. Liteology and Stratigvahy
Comparison of carefully measursd and desorided sections of the Cosd
¥easures in the Coal Creek area showed & rapid. lataral variation of. tha 3
sediments. Bimoeular examination of sauples of the Hootensy sedizments .~
fatled to reveal useful marier horisons to wich the cosl seaus cold be
rolated.- Ho;avér, aavera.l af the congloperates were found $o0 bs ussful _:“‘:_' : ";7_’-}_'
marker beds within limited areas. Attempts to separate heavy mdnerals from B
‘smrai oi‘ the Kootena,y sandstones ylslded resldues that wers oo amall fc'r;‘ h f
O, satisfactory idemtification, It was not found possible to study the roundness B
or spheficity of sand zrains becauss of the tendency for the m::nes to .

break through rather than around the grains.



(3

1. (3} gvclothems
In the contral and eastarn United States Henless {1932) nmode

effecilve use of cyclical repetition of strata in ths correlsiion of coal
seans, Campsmbla eonditions wars not found 3o be present in ths Cpowsnsst
Coal. Basin. |
1. (b) Marine bands

With the possibls exception of the Basal Kootenay sandsicne, étra-ut#

- That ¢ould bs regarded as marine were not discovered in the Hootenay

famation. :
1, {o) Contimuous tracing

In both s Fernls and Michel areas it was found possibls to Zollow
a few of the seams from mé arez to another by walking along the cunterop,
Unfortunabely this positive methed of axtending known data was seldom
rpractieable bacause bhe ontcrops were often concealed by overtmzﬁgn or
vegetation, |

2. flant Remains
2, {a) Distribution of Zlora '

Zn the Nova Scotian coal fields Bell (1945) has used vardations in
numbeyr and varisty of plant specles colleched From the roof shales of coal
geams to establish a useful method of corralaiion. In ths Parnie area

plant ramains were collscted from coal ssams t:h.*oughoat_'. the Kootenay
formation. The eollections, which were idmtifi@:l by Dr. Bell at Oitawa,
were fouwnd to contain only long-ranging species, mene of which could be - i
regarded as useful for corrslation. Atbempba to estimates the percentage -
distribution of species in soveral seams fafled to glve consistent or
usefal results.
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2. (b) 3Spors studies .

| In Bngland Baistrick (1933, 1934) end in the United States Thlsssen
{192} have daveloped successful methods of correlation based on studisa of
the nature a:d distribution of mlercspores and megaspores in the coal seams.
An abttempt was made to apply the dascri"bad mothods to-the Fornis and Michel
coals,

Polishad sections of cubes of coal from four of the Far;:ia coals were -

prepared for mleroscopdc sxazdnation. A siudy of both polished and ebched

'surfacu di& neh rmal the prssence aitlm- of sporss or of signiﬂcant

Yextural dii‘fmces sweh as those dascribed by Hilliams (1926).

Hageration of soms 50 samples of coal from a mmber of the seans

c 4 e

in both the Fornie and Michel areas was wdertsken fallowlng n procedurs

suggested by Dr. L; B, Hllaon at Amherst Collags, The following results

wers obtained, - '

{a} Althongh several streng wdddizing solutions were tried only a small
parcentags of the coal was disintegrated,

(b)) The aéaic:!.ty of mierosporas obtained in the separations {itwe vr three

oicrospores per alida as cem;amd %0 sevaral hundred obbained fro=m
Pannsylvania cosl ‘hreated by the same procedurs) suggests that i‘w
nﬂ.croapom are prssent. in the Eootenay coals of tha Crowsnsst arsa,

A oimilar sonclusicn was reachsd by LW, Jones (1936) in his study of
Hootenay coals of Alberta, and Fanuhaxs (1930} has observed that uokiag

coala in general have 3 mticsah]y low spors content.

. {e) of the vaﬁ.eua zicrospore types that wers dis%ingtdshad ne partieuhr _
“speelen or group of micmperea was Ieuml %o be restricted %o a ﬁm |

ccal ssan,

The results indlcated that spora studies would be unliksly %o provide

s satisfactoi-y sorrolation technigue.



2. (e) Cellular wiant debria
Gollular plant maberial was readily recognized in the polished -
saction ard maceration studics. None of the material noted sppeared to

charactorise any one coal seam.

3+ HNon marine fomsils A _

- The fow nen marine Invertebyates that have teen found in the
Kootenay fomsation are long-ranging speciss that ars apparmly af littls
walue far mm of age ﬂatarzainatien or corralation.

. ke JInherent characters of the aeam‘

‘ Sueh properties of the coal seam as ils thickness, the nature
of the roef or floor, charactsr of the ceal {e.z. the relative amsunts of
bright and dull coal), the naturs and number of shale partings, may be of.
consideradle ald in seanm ldentification within limited arsas, Unfortunataly
th?aaa charactaristics ars subjeet to rapid lateral varistion, so thab where

" such data ars used as a basis for c:;rrelatic;n the method 13 subjest to an

error that usually incrosses with the distance of projection: involved,

5. Fuel Batlo

In & veport on. the Michel Coal Aves 5.B. HacKay (1933) has used
.as a basls for correlation the fuel ratie of aeva}al of the geams aafmll
as ihe interval of the goams to s congloa-.eraté markay bed.' Decauses the
inteml to the.mrﬁcer bed was subject to vari-'ahian, the fuol ratio beem
thae deeiding factor In the identifications mada, '

Immwh as pumerons proximate analyaen or asvoral of the Coal
Creek seams were availab;s for refersnce at the offices of the Crowls I;ast
Pass Coal Company it was decided to tabulate some of them in order 4o see
what variations migbﬁ be axpecied within a given szeam and botween several
geans, The sam.imestigated and ‘ﬁheir approxizats stratigraphice pesition.. - 2
are 48 followss -
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TOP_
Ho, 10 Seam

35 foot interval
No. 9 Seam |

350 foot interval —
Ho. 5 Seam '

In the oase of Ho. 10 sean proximate and;saa wers avallable
from L different arsas within the sm. Sanples wers obtainable from

3 sapareie aress from Mo, 9 sean, !i‘or."?uf“éh of the proximate anaiymes -

R the fuel ratio {  F.C. )} was caloulated. Values
' (Vol. matter) ,

that appearsd to be anomalous were discarded 47 the ash of the sanple
¥as greater than 25% or if the interval sampled did not includs the
graster part of the gsam, For each of the groups of samplss the highest
and Jm‘ast values of the series togsther with the aver'aga value have
boen recorded in the follewing table, |

_ Fuel Ratios

Seam Hine Ho. of Highest Lowaat Hsan Soaxm
Yo, Ho. Samplos Yalus Valus Yaiug Averaza
1 1B 16 2,99 . 2.5 2.80
10 1H 15 2,68 2 23 257
1 18 30 a2 2.5
10 oA 26 2.84 2.13 2.52

2 2 3.04 2.31 2.68

3 6 3.72 2,91 3.06 2.80

0ld #9 7 3.0 2,35 2,67

5. 5 3% 312 2,57 2.82 2.8
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From the tabulation it can be seen thabt the variation both of
:!.miividual valuas and oi‘ averages of several samples within one seam is
such as would exeluds the possidility of seam identification in the Coal
Creek area being based on the determination of fusi ratics. Howover, 53
i3 interesting to note that the seam average column indicates an increase
of fuel raiic in the dirsctlion of the lower seams, which onw would expect -
from Hilt's Law. o

In the cass of Hoa 10 sean the more easberly and mora daspl;r
covored pu-'b ot tha sm, raprassntcd by thz sazples from the Bo, 1 B
mine, has tha highest fuel mtiaa. A aimilar aastward Ancreass ax!.zt.s _
in the Ho. Qmmreth&ﬂo. BB:ineiseaatofanddmdipfmtha
othar two samplod arsas. I% appears ‘that the m_riation in the load,
supportsd by the seams here oonsidered bas resulted in a situation whers
a part of Bhe uppérmost seam has & fuel ratie (2.80) that differs but
s].ightiy !rc:a-z the fusl ratio {2.82) of a seam several hundrad fost lower
in the section, Inasmuch as comparable condibions may exist in other -
yarts of ths Goai Basin, 1% ssews unlikely 't.ha'g. correlations baaeé on
fual rat:iq determinations could be rads successfuily. .

5. Lo charaateristics
In the Peace Rliver aresa of British Columbia variations in the

tendescy to coke of some of the ssamd have, according to Mathews (1%49),
proven helpful in the identification of certain seams. In the Coal Crsek
and Michel areas, however, many of the coals sbudisd had rabher mimilar
cska-formingu properiies. * :

Beeause nons of the foragoing methods appearsd do provides a
dependable basis for correlabtion 1t waa deoided to study other properties
of the coals with the hops of developing a corrslaiion technique that would -

 permit the solution of locel problems of idemtification and might alss be of
use in other ccal arsas, Ths methods studied involved:-
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‘A. Dotermimation of the radlcactivity of certain ceals,
B, Seni-guantitaiive apect.rogmpbﬁ.c analyasas of the ash from

aereral ¢oal seams.

A. Badicactivity Measurowenis

Snzagrwcoalsmpltoafmmhorkcfﬁﬁ gaag At
}ichol wers tested with the Geiger-Husiler counter abt the Department
of Hines laboratory. Bach of the 2 pawplas was left in the counter
for a poried of 150 miwztea, and the radiometivity ccm (lass the
backgmund) ¥as recorded,-

It vas fourd that when the values obtained wors plottaﬁ
-on a graph of radicactivily conient versus ash content, thai: a
Girect rolationship existad, The higher ash samples shmed
correspondingly larger vadloactive values. The results cbtained,
therafore, wore considered useless for purposss of correlation.
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PART II - CORREIATION OF COAL SBAMS BY SPRCTROGRAFHIC ASH ANALYSES

Inﬁmdmtim _

I% had bean noted thad the ash from certain soams An both
the Hichel ard Pernis areas appearsd to have a colowr thal was
distinetive, Boms of thg ash, ¥or instance, uas-guita red; pone
pure white; others cream- op marcon~coloured. Thess colours could
be atirituted to the ivon, silien or alumina content of the ash.

As may be seen in the tollwing table datcminatims by
Swarbzzan (19&0) ahmmi dii’rameaa ia the fusion point and ehemical
composition of tha ash of two of the Mchal voals,

Joam | Sazple |Sise| 510, [P A1,05 | Cal| 20| ¥a 0| X,0| Po0s5| 740 Potal Ash&mian?aiz

pzm of m| & 293 _ 3; _ W ZO %’5 G 303 - nlggiz:jm

| * | X

w(}m of [0k | 51,3 | 4.4 | 35.5 | 2.4 1.3) 31 | o.2] 0.3 2.5 | 2.5] 99.8| 2602850 4 ©,
Hne

F‘BB

#?03 1?.1 29.2 3.3 1-6 f‘iil 109 009 9-7 1}.5 99:9 203;0-2853 'l-!'

[ ——

_ Ons wonders how consistent thess differences might be, and
whethen .cir'taiﬁ ravals might be present or comdentrated only in ops voal .
seam. It was felt thad amiita‘aiﬁ analyses of the ash from
_ various coal seans should provide an answer %0 this question, Moreover
tha use of _spectmgrap&;i_c analyaaé as an aid 1o eorrelation of
stratizraphie sactian# had bsen rocently dama?atrgteﬁ ina mparuby
Sless and Cooke (1946), to hich the reader 13 referred for a more

extonsive tysatment of anslytical techniaue and theery than will bs

given here,
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It was declded, thersfore, to undertakes a sampling and ssh
analjaiz' program. The Hichel area was selacted for two reascns. _
1. A problem of seam identiflication had arisen in the undergrourd
oparations ab the Michal solliery,.
2+ Accessible underground workings at Michel are the nost
exkensive in the coal field,

In tha ash from the coal seams samplod the following elements | .
wers detested in many of the samplesie Si, B, ?, Pe, Mz, ¥n, Ph, T§,

Cry Ga, Ga, A1, O, Ba, 5o, ¥, Ag, YD, Fa, Zn, Zr, B, Uo, S, Cu, K.
In sddition Ba, B¢, Su, ¥4, ILa, BL, 8u, were prasant in a feow of the
sanplas, The olaments foumd 4o be most useful in correlstion include .
Na, Ba, 51, V, and Hg, Varisitens in the i, Sr, and AL contsat were

alzo helpful, It ia interesting to note that the list of eight clements

found affeetive in the correlation of cosl seams ineludes ¥g, Sr, ang

-

Provicus boyk
A rather extensive study of the rare slements present in coal

ash has been made by V.M. Goldsehmids (1933). In his report

Dr. Goldsehmidt cbserved that an abundance of very different rars

elemsats has ba;n concentrated in coals and suggests that the most

important Froceases responaihle for this concantration are the £onming
i comentratien proaeaaes ém-ing the life of ths plants.

' Goncentration processes after decay of the plant parts emem&, ‘

and during the rotting and decomposition of plant substance, _
3 Comcentration proveszes resuliing from the oireulation of
aguecus solubions through the beds of coal.

The affecd of such preoesges of concontration was shown by the

follewing table,

" A1, ths three elements found most dependable by Sloss and Cooke (I%hfale. -
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‘ Content in Coal Ash Averaga g'ontanﬁ Concentration Factor )
Elementa Higheat Value - Heaan Yalue in lithoaghere Highost Value - Hean Valus
| %O Se 0%  0.03%  0.0002-0,000L % 100-500 30-150
: B 0.3 0.0003 - 1000
Se 0.0, 0.006 0.0003-0,0006 704130 . 10-20
¢o 0.15 0.03 0.00L. BT 30
. 0.8 0.1 - 20 '
Zn 1.0 | 0.02 g 0 |
Ga 0.0 001 0,001-0.0015 30-40 XTI
'{Ea 11 005 T 0.0004-0.0007 1600-2800 - 70220
As o8 0.0005 1600
x 0.08 0.1 0,001 80 10
Ko 0.05 0,02 0.0015 30 13
s 0.05 0.02 0.005 “ W L
o P 01 0.0015 7
Ag 51D g. pertem 2g. pertom  0.19 | 50100 20
Au  0.2-0.5 g. per ten 0.0059 40-100

Goldsehmidt believed that the tenfold to one hunirad fold

increage of ca@entraﬁm was prinoipally producsd by the lesching of
; rotting and decaylng pland parts. In the case of Ga, howsver, both o
Goldschmidb and Zgorev {1940) have suggested thad the concentration |
15 dus to the chesdosl effech of the coal on solutions ciroulating
next to i, coiasgmiaa observed that some of the rare metals ahon;aq
an increase in concentration in the ash from low ash coals, particularly .
in the case of Germanium, bub ‘maﬁe no attempt 'bo demonstrate an increase |
-QO - ' in eopeentration of certaln metals in a particular sean, ‘
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&n attempl was made, however, to use the trace metal content
of coal ash to correlals sesms in the Charloroi Basin in Frence by
Legrays and Coheur (1944). These authors detected the presencs of
Al, ¥g, Ps, 81, O, Ouw, Ha, X, ¥n, i, Cr, Ti, Pd, Z, 3n, Co, Sﬁ-, V;,
and S0 in the ashes studlied, bub concluded that no element or group .
could serve to characterise any one bed. The spectrographic analyses
mads wara on 3 gualltative baaia only, zo that variations in amnt of
tha olamenis _preaant was not obseﬂed

Ssupling Pro.gram ,

At the start of.ths investigation 12 samplss fros each of the
tWo most extensively mined ssans In the Hichel ares wers obiained,
Semi-gquaniitad iva spactrographic analyses af the ash from thess sampies
of MA? and 3" goxxs showed that aignificant differsnces existed in the
amount of some of the elemsnts preassnt in the two coala. I was deaiﬂeﬁ,
tharai‘ors, %o cbtain an additlonal 12 samples from esch of these seams -
at points as far distant from the original areas sampled as was possible, |
In addition samples wers obtained from two of the lower coal geams, upper
nusber 3 {U3) and lower number 3 (13) zeams; A seam encountersd neay
the facoe of the Michel rock tumnel, and bsliosved %o be elther U3 or I3

seanm, wWas also sanmplod with She hope that a positive identification
. could b2 made, 7This seam and the sawples from it were given the B
desigmﬁo& U32,. Abtempts to ldentify this seam based on detamimﬁm
of stretigraphic intervals hsd yielded inoconclusive results bscauss of -
local complax Ialding of tha strata.
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A1l of the mplea taken were full channsl semplas of the coal
seanms, The face of the coal was first cleaned of visible impuritics,
guch as rack dust, and & channel several inches wide and a few inches
deep cul through the ccal. The chips of coal thus oixtaiﬁed wors
quartered on a ssmpling cloth, placed in bags, and transforred to the
gricding rotm al the Mlchel collisry. Here each sampla waa ground to
ninus 20 mesh, coned and quartered, and a thtiva axount piacnd
in a pint .glass sealor for shipment to the labora.tm.-.y.' The locations
of the arens sampled ara shown on-tha accunpanyiﬁg plans and crosse
saction. (figﬁras 1, 2, and 3) The relative stratigraghic positions
of the seams that wers sampled are spproximately ss followss

07

3% geam - & foet thick

120 foot interyval
UAR geam - 22 feel thiek
280 foot interval
Upper 43 seam - 10 fest thick.
- 150 foot interval
lower #3 seam - 7 fest thick

| Analytisal Teshnious

Tho sualyses were mads by the Chief Analyst of the B.0.
Deravtment of Mines on an A.R.L. Distert speotrograph using an
aluminized grating with a dispersion in the first order of s’ewml-
Angstroms per millimeter, Only the wltra~violet spsetra wore _
obbalned. “Supsr pure® grade grapiite electredes, ons gquarter inch |
in diameter were used, operating on a 10 ampers-230 volt direct-

current gsource,-
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The coal was further ground to ninus 60 mesh, gshed at

750% ¢ and after thorough mixing a 50 milligras sample was arced
directly. ¥ith the are burning a‘pia-aactor was caunged to xotats

in the 1ight beam thereby reducing the incident ifensity to 30 per
gent. After a 20 seconds exposure under thess conditions the camers
was racked and a 130 sacomds SXPOSUre mads uzing a 10 per cent. zector,
The camera was again racked and the spectrusa photographed with -a. = SR
POT cenit, sector until the balance of the saxple had boen complistely. . -~ &

P

vaporized (appfmﬁmtaiy another 130 seconds}. For cach of the alm:‘
detectad the relative concentration was recorded by densitometer readings. | :
which wars convertod to Intenaity readings by mzans of a characterdistic _-j:f‘
ﬁtamity curve, These units were scalsd down to arbiirary values
bez-wna 1 and 10 for eass in compayison or stadlstical treatuent of the _ _- :
rasuits. The valusa gim in the ta}:ulation of resulls are clozely
proportional to the spectral line Mties, which in turs are functions :
of the amount of the élaazent present. Ths valuss may ba used In % -
eomparding the concentrations of any seleobed clement, buk zay nob be L
usagi in comparinug ths consenbrations of the differsnt elamernts with

gach other, Bacsuge of this restrietion ths resulis have been f.émti

“gamieguantitative®, . : : T

Rasults Gbtained
. Ths speetrographic results of the coal ashes mnalyssd ave gj,m 9

in Tables I, IX, and IIT, - ) -
In Table I the results ars arranged to facilitate a comparisen. |t

between the uppormest palir of seams, "A® and 93, iverage values for
tho areas sampled within each seam, ag woll as averages for the whols i
2oam ays glven. Similarly Tadie II i3 arranged .so thet & cwmparison of - .
U3 and I3 seams can be wade. In addition samples from Area 3-2, | _

R .
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. believed {o roprasent sither U3 or L3I seam mnd tarmed U3?, ava hers

presented, Table IXI ias deaslgned to pormit a ready comparisen of the
average values from Tablas I and II. For each of tha clements listed
the wave length at which the determinations were made is given in
Teble I. The two columns at the right of esch of the tables represent
combinations of eloment values that are useful in identifying L3 and

38 goamy,

Intgr_gstaﬁnn of Basults

Bafore aamnaring the trace slament conbtent of the saveral ecal-.
zeams, an abiempt should be made to detsrmine what ralationship, if any,
axistg between the ash contend of ths coals and the alement cenbent of
the coal sches. An smaminstion of the tables reveals thab the elezens
Gersmanium 13 recorded in fow of the analyses, Hewewer, 1t is prasent
in Balf of the samples from ares B2 {samplss $7-68) which wers ths
lowsst ash coals studied, This consentration of values may be regarded .
ag corroborating Goldsehmidbts obaervation that Ce tends %o be concenmte&:
in the Jow ash caals. | ‘ ﬁ

With regard to the vther olsmends present, no direch
ralatiansh.p batween ash contont and trace slement content was discerned,
The analysea 5ivan hers wera arranged in order af inereasing ash conbent
for zach of the cosl seams, snd grapas of .ash conbtent versug elsment
contond were construsied. o definite trend was appuvent. Hcarevar, in -

. the case of Wi high values were gonsrally present in ths ash from coals

earrying less thané;:arcenﬁ. ash, bub in coals greatertméparcmt*
ash a diminution of ¥i values with incressing ash waa not apparent. B
Average values of some of the elgments rogarded ag ussful for correlatim .
purgaoﬁas foy zeveral of thse ssam areag, ayrengsd in order of inersasing’

ash content, sre given in the following table.
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Ssan No, of 3 , :

Ho, Ares Samples Ach  Si ¥ Mg Ma Hi 3 Al Ha  Zn
B B2 12 kb 3uh b 33 63 67 5.8 hE - 55
B3 3 9 7.5 3.9 BT 3.2 - 5.8 2.9 6.6 54 2.9
u3? 3.2 iz 9.8 3.8 4.1 3.1 - 2.0 2.4 4.3 5.3 2.2
A A3 9 L3 58 5434 - L1.0.9 80 -- 2.9
A Me2 12 325 27 3.9 28 03 1.3 1 A2 - b5
8 Bl 12 267 5.0 5.6 3.8 3.9 3.2 20 3.3 01 3.3
13 3-1 5 7.0 8.2 56 ~ 286 0.4 56 20

2343

54

- the ﬁiabriwtion of Scdium and Barium censtitute s;gniﬁcauh ea:ceptiens

An examination of the average values in Table III shows $hat
few of the alaments detected are concentrated in a sin‘,la sean, Howsvsy,

to this goneral tendency, and henca pmvido a convenien basis for

correlation, On roferring to tables I and IY it may bo ssen that Na is
preaam‘s in all samples from ¥BY geam but 13 absent from all samplesef the
other seams with the &:apbticn of sample mumber 30,

criter:h:

Frasama ai‘ Ha - Sample is fma HEY eanm

Absema of both Ha and Ex ~ Sample ia fm HAR geam

Propencs of Ha ~ Swsple 15 frep U3 sean A o
The three pamples Nos, 35, 30 and T3, ecccoptions to the forsgoing rules

Sa is9 abeent from
the samgples of “A" and 739 ggams {with one e:ception) byt i3 present :irx ‘
alxoat all of the samplesa from U3 ang UB'!'sem and in 3 of the 5samples-
from I3 seam. From this distribution 1% follows thab an ash analysis
eould be recognized as being from YBH, NAY or U3 seam with the following

r

represent a swall percentage srror inherent in applying the above oriteria,
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Scoe of the trace elements which are present in all four of -

the seass, show & maried lnereass in concentration, or may be sresent

in oaly small amounts, in one of the coal eeama. Cn reforring to
Table IIT it may be séen that the averags valus far_!ii in "3% gean ia '
much higher Shan in the cther seams ropresentad. A high valua for Sy
and 2 low value for Al also characterize "BY seam. 7The aversge valuses

for 81, V, and ¥z are distinetly higher in I3 than in the other 3 mesns.

Ara these difforences slgniflcant, and can they ba used as & basis for.
seam recognition? - N o

?:_o ‘answar thia gueation a complote statistical analysis of all - B
the resulls should be mads. The writer has not attemphed such an analysis, -
but a coumparison of a few of the average values should give an indication
of the resulis expscied from a complete study of the values, The two

. cases hers salscied involve

(1) a statistical comparison of the average values for M, Sr, and A%
qf YA® and #B% seams, ard {2) comparison oi‘ tha averags valuss for 54,
¥, and ¥g af U3 and I3 oeams, In case (1) the averages represent the two
most axbensively ssmplod aress, with 2 sampilss from "B* seaa and 2L samples
Zrom uAW aea#. In czas (2) the averages are from the two amailast proups

‘of valuss, with 9 samples from U3 seam and § éampleu'franza =2eam.

' To test vhether the mean of one sst of values is aignificantly - |
diffarsnt from the mean of another sed, or whether the two ssts of values -
are from the sams parent population,

Lad ﬁ (i - 1.‘ 2 .o'uooctooon)

yi (i:‘-‘l’ 2 -ooto-ovocnl)

ha the two sebs of samplas, Then the mean of each st 18y
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B=

..lt't'liﬂ."il‘..I!...I.I(l)

ry I..I.I_D....b‘.‘.l.‘!I'.l..{z)

SRY-
ang‘z;ix-il) -nuoaoun--uu..--(g)
2 _£G-3)°
my :a"""'-E,—""‘-"' tQtttvtbot-.loiflﬂtoﬂl(t})

Then led SW ba definsd by the formda

2 z
=i - s :V% * n .’...O‘I‘O"l‘.'..(ﬁ)
s Dy = e Rt -2
and let "4 bs defined by the formula ' E
S 1
5“1 nn L] [ IR N AN BENNESEE W]
= T e (&)

Then for case (1} n-.-.zhandnl.:al, ths values of X and 7 ars
given in Table IIX, and with the spplication of formlas {3) %o
{5) the follewing vaiumes wore obtained,

P8 Saan S BAR Smam

. 2 R
Element . ¥ By 5 n? -
{mean) (variance) (mean) {varianse} S
KL 5.0 b5 1.2 0.57 7.6
sr 3.9 8. 1.2 1.01 3.57

AT a1 1.5 5.8 4.8 2.18
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Then i & :; 2:845 (Sdith, 1945) there i only 1 chance in 100 that the
values for x ard y were from 'f:-hn sane parent population, or in this case
from the same coal seam, As the thrsa ! valuea are all graater than
2,845 then it follows that each of the average valuea for ¥i, Sr, and AL
provides & walid basis for difforentiating “AY from #BY seam. By using
all thrss vslues an oven mors rositive recognition may be atiained, In
case {2) whern n = 9 and n* = 5 the following values were caloulated

U3 geax i3 secam
Rlement % };xa - kg ,uyz ) t
52 8 3.9 1.4 7.5 5.2 3.19
v 2&&? otg? 8»2 1036 5:6?
g 3.2 0.7 5.6 0.8, 5.50

Thon if t T 2,776 there 1e 1 shance in 20, or if +3 4.40h there in

1 change in 100 that the valuss for x and'y wers from the same parent
population, As tho "i¥ values for V and Mg are both greater than 4.604
then it Pollews that the signiffcant difference in tho aversgss may be
used in differsntiating U3 from L3 seaw, The 7% valune for 88, although
lowor tm thad for ¥ and ¥z, ia still high enocugh to suzgest iks
ugefulness in seam recogaitlon, pm-ticularly 1f 1 is used in conjunction
with the evidonce p:-ovidad by the other two olements. '

“¥rom this aoalysis 1t is svident that varlabions in the
consentralion of osrtain trace olsments provides a method of recognizing
particnlar ooal seams. This tschnigue may bs nsed to identify I3 sea& .
which 1s nob characterized by Lhe presence of an clement nob reprasenced
in the other threo sasms, On refaziring to Tables III it will be ssen that
the averahe va}uea for S, ¥, and Hz ave notlceably higher in 13 sem t-hm
in auy of the other coal seams. When these averagss ars cozbined in the
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forsula SL + ¥ + Mg then a valus i3 obtained which is approxs.mat.aiy twice |
as high for I3 seam a3 it iag for each of ihe other throe sesns (ahﬁtx:n in
the secord column froo the right in Table IIT). This valus has beon
computed for each ash analysis in Tables I to III, and the results have'
been shown grarhieally in Flgure (4). On refsrring to this grarh it can
be seen thal the valves for 31 +?+ﬁg£or1.3 saam are 18 or greatar,

~and thet the values for ssuplos from the other ssaus ars lsss than 18

with the e::cept_ioapf 2 samples from BAM gean.

Ir one pi-ai‘erq %a- avo&.dsalmting a;part.ienhi-_elmnt as
characterining & given seam {vecanse of oucasiom:t arratia valuss) then
& condination of elements may im’cmén., ﬁa redognitiaxi of "3% sagm,
for sxamplo, may be acocaplished by apriicsbion of the Pormila
Ba + ¥ » Sr = Al, A3 can be sagnfm‘i‘ablﬁlizthia combinabion of
slaments 13 offective becauss the values for Ha, N1, and Sr ave highest, '
and the Al values are Jowast, in BBY seam, The valuss obtained by
applying the formila ars given in the right hand colwm of Tables I %o
I, and are ghown graphically in Figure {5). On the graph it ia ev:!;dsnf.;
that all-the values Zor "B% seam 1is above a valusz of 42, \;hsre&s valuss
froms the other seam Qaaaplas are all I::'-ialw the $2 1ins. -

U0al seam identification on the basis of a single ash anaxysis
mey be accmpliahed with ths following criterda. _ 7 -
(1) If (51 * v‘.., Hg) is less than 18--the semple ia from B, A, or u3 seam; .
(2) Prossnce of Na--sample 49 Zrom "B% sesm. | s

© {3) Abssnca of Hg and Bae-saspls ia from SA* seem.

(4) Pressspco 2 Ba-epample is from U3 seam.
(5) (8% « V.« Mg} is 18 op gre;a.t'ar--sampls i fron 13 sesm.
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Assuning that the values given in ths accmpaqying tablas are
truly reprasentative of the seams sampled, then recognition from one
sample only may be made on tho basls of the above crizeria with an emr.
of appreximately 3 per cent. This error may be sipnificantly reduced if
saveral samples are obtained and ths average of the rosulta used,

‘ The average values forthose slesents considared usefui- for
sorrelation may be portrayed in the form of a histogram, which should
have a distinetive shaps for each ccal seam. This has been dons dn
Figurs (6}, each seam being repressnted by & three colusm diagram, ‘?ha
value for Na is plotbed in colums 1, the 3a valus in column 2, and the
{51 + ¥ + ¥g) in column 3. Tho parked similarity of bhe dlagrmus for
U37? and U3 samples, suggests- that the coal seam termsd Y37 mey b
covrslated with U3 seams -

Gonelusions

The preliminary rosults hers prosanted zmggssﬁ that correlation
of doal seans may be made on the basls of §p¢a‘hrogrsphie aszh analysaa.‘
The correlations may be nore surely ostablished if several ash an;ﬂyéas
for esach seam can be obbained, The a;_:s;atmgraphie mothod is of yarticular
value in pabking correlation possible in areas where obher known nmekhods
yield inconclusive results.: '

Hecause thia investization was lindied to an area of anly
8,000 faeh by 4,000 feut many mors aualyses will be needed o ascsriain

whother the mothod cani be applied in larger areas. "It should also be-

deterzined whether the msthod will bs useful where many mors coal ams A
are invelved, and whother 4t can be applizd in other coal fielﬁs.
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