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ABSTRACT 

Sphalerite occurs as an ep igenetic mineral f i lling in frac tures 

and o ther structur es in coals of f our I l l ino i s  count ies : Fulton , Knox , 

Peor ia , and Stark.  The amount o f  sphaler ite in the coals o f  these four 

count ies has been investigated b ecause o f  its  po t en t ial as an economic 

resource of z inc and cadmium. 

The arithmet ic and geometric means for·z inc and cadmium as deter

mined by analyses o f  a large set of coal samples co llect ed in the three 

p roduc ing coals of the d istrict are,  for z inc 750 µg /g and 34 0 µg/ g  r espec

t ively and for cadmium ,  7.4 µg/ g  and 3 . 5  µg/ g  r espec t ively . The conf id ence 

int ervals at  the 90 p ercent s ignif icance level for z inc and cadmium are 

490 < x.:;: 1010 µg/ g  and 4 . 6 ::; x ::; 10.2 µg/ g  respec t ively. 

The data of z inc and cadmium in coal approximate a lognormal d is

tribut ion; therefore the sample arithmet ic means do not accurat ely r ep re

sent the populat ion arithme t ic means or geochemical abundance . Sichel ' s  

t statistic is a derived estimat e  of geochemical abundanc e and is used to 

estimate the abundanc e o f  z inc and cadmium in coal . 

The e s t ima t e  o f  z inc and cadmium abundance in the coals stud ied 

is 102 6  µg/ g  and 8 . 1  µg/g respec t ively . Using these estima tes and the 

estimate o f  coal r esourc es in the study area , 7 b illion tons , we estimat e  

the z inc resource to b e  about 7 mill ion tons and the cadmium r esource t o  

b e  about 60 , 000 tons . 

An in-plac e coal sampling program which included compo site auger , 

composite face channel , composite face grid , channel , benc h ,  and grab sam

pling was assessed . Find ings wer e that as says of z inc and cadmium in 

sphalerite-bearing coals mus t  b e  determined from samples which inc lude 

disturbed and und isturbed por tions o f  t he coal b eds. The composite auger 

and composite face grid sampl es are recommended . 
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Spha ler ite occurs in the coals with pyr i t e ,  kaolinit e ,  

and calc i t e .  The pyrite  i s  heavily rep lac ed b y  sphaler ite . Small broken 

fragments o f  sphaler ite  are enclo sed in kaol init e ,  d emonstrating the later 

deposition o f  kao linite. Calc ite occurs in several bands, usually b etween 

the sphalerite f illing and the coal. 

Banding in the sphaler ite  is  color d i s t inc t and composit ionally 

dist inc t .  Color band s are numerous and complex . Color band ing is  both 

gradational and abrup t ,  with some band s  s eparat ed by irregular c ontac t s  

where earl ier sphalerite was par t ially removed . S imilar color b ands and 

color band sequences are f ound in sphaler it e  f rac ture f illing in the Col-

che s t er (No. 2 ) , Springf ield (No . 5 ) , Herr in (No . 6 ) ,  and Danville (No . 7) 

Coal s ,  strongly sugge s t ing that the same ep isodes o f  sphalerite  deposition 

were cont emporaneous in all of these coals . 

The color bands are comp o s i t ionally d i s t inc t ;  the darker , red-

d ish-brown bands contain up to 2 p ercent iron and only . 2  p ercen t  cadmium. 

Light er color b ands contain up to 1. 5 p ercen t  cadmium and only . 15 p ercent 

iron . 

Sphaler ite  f luid inclus ion geothermometry and geochemis try indi-

cate that the f lu id s  of mineral izat ion were saline waters with t emperatures 

from 82 to 102°C. It is hypothesized that these brines or ig ina t ed in the 

I ll inois Basin during compac t ion and consolidat ion of Pennsylvanian sedi-

ments and migrat ed through p ermeab le s trata which in part included f rac-

tured and cleated coal b ed s. The limit ing factor in the amount o f  sphal-

erite deposited is the amount of ava ilab le space for mineral deposit ion . 
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Introduc t ion 

This r eport on sphaler ite in coals in a four county area (Fulton, 

Knox, Peoria , and S tark Count ies) in wes t  c entral I llino is and on the abun

dance and distribut ion o f  z inc and cadmium in these coals was under taken to 

determine the economic po tent ial o f  sphaler ite a s  a by-produc t o f  c oal pro

duc t ion. The p r incipal obj ectives o f  this invest igat ion ar e :  

coals . 

1 .  To provide informa t ion on the occurrence o f  sphaler ite in 

2 .  To outl ine methods o f  sampl ing, sample p r eparat ion and analy

t ical procedures for determining z inc and cadmium in coals. 

3 .  To evaluate  which methods o f  sampling coal p rovide the best  

estimat e  o f  z inc and cadmium in coal . 

samples . 

4 .  To report data o f  the analyses of zinc and cadmium in coal 

The f our count ies, which are located in the nor thwestern portion 

of the Ill inois Basin Coal F ield, were selec t ed for study b ecause of the 

high z inc and c admium values reported for the area in o ther r epor ts (Zubo

v ic et al . ,  19 64; Ruch et al . , 1 9 7 4; Hatch et al. , 1 9 7 6; Glusko ter et al. , 

197 7 ) . Also the exposures o f  the coal af forded by the operating sur face 

mines in these counties are numerous and acc essible  ( f ig. 1 ) . Coal sam

ples for z inc and cadmium analyses were collec t ed for this s tudy f rom only 

active surface mines in the four-county area. The sample locat ions , mines 

and coal companies , coal s sampled , and sample types are lis ted in the 

append ix. S ix mines in this distr ict are currently p roduc ing from the 

Colchester (No. 2 ) , Spr ingf ield (No. 5) , and Herr in (No. 6) Coa l s .  The 

Danville (No. 7 )  Coal , though expo sed dur ing mining , is no t being mined 

and was no t inc luded in the sampling program. Where the Danville (No . 7 )  

Coal was observed in highwalls , i t  contained sphalerite both a s  cleat and 
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frac ture filling . Analyses o f  z inc and cadmium are fewest in the Colchester -1 
(No . 2 )  Coal because i t  is produced in only one mine.  Analyt ical results 

are mo s t  numerous for t he Springf ield (No . 5) and Herr in (No . 6 ) Coals 

because each is produc ed by three mines in the d is t r ic t . One mine curren t ly 

produces two coals from a s ingle p it in which both t he Springf ield and Her-

r in Coals are mined . 

Alt hough z inc consumption has increased exponent ially in this 

c en tury , domes tic reserves of pr imary zinc have not kep t pace (Wed ow and 

Gluskoter , 1977) . Currently t he U . S .  imp or t s  a pp roximately 60 percen t  of 

its z inc supply . Wedow and Gluskoter ( 1977) speculated t ha t  t he z inc 

recovered as a by-produc t in coal produc t ion may greatly increase t he 

amount o f  domest ic z inc produced during the next 25  years ,  when huge quan-

t i t ies of sphaler ite-bear ing Inter ior Province coals will be mined . 

The po tential of northwestern I l l inois coals for recovery o f  

z inc was f irst  s tud ied by Hatch e t  al . ( 1976 ) , who f ound high concentra t ions 

of z inc and cadmium in coals from both t he northwestern and southeastern 

portions of the Ill ino is Ba s in Coal F ield and identif ied sphaler ite (ZnS 

t ha t  contains up to  1 .  2 percent by weight in cadmium) in fractures (c leat) 
in the coal . In washab il ity tests,  9 9  percen t  o f  t he z inc and c admium were 

found in the heavier spec i f ic gravity frac t ion s . These results  ind icate 

that sphaler ite can be recovered from raw coal by spec i f ic gravity tec h-

niques . 
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GEOLOGY OF THE STUDY AREA 

The f our-c ounty s tudy area l ies in t he northwes tern part of t he 

Illino is Bas in ( f ig .  1)  in a s tab le tec tonic area known a s  the Wes tern 

S helf . Regionally ,  the stra ta in this area d ip gently southeas t  towards 

the center of the bas in at  les s t han 20 feet p er mile. Minor structural 

features , such a s  smal l  faul t s ,  c lay d ikes , and warp ing of strata are com-

mon . Total thickness of sed imentary s trata overlying the Precambrian base-

ment ranges from 3 , 600 to 5 , 100 feet . Figure 2 is  a general s trat igraphic 

sec t ion of the s tudy area showing Precambrian to  Quaternary princ ipal l ith-

ologies. 

Pennsylvanian strata rang ing in t hickness f rom 0 to 600 f eet , and 

overlain by Pleistocene glac ial depo s i t s , cover nearly all of the s tudy 

area . The Pennsylvanian strata are made up largely o f  sand stones and 

shales with t hin l imestones and coals scattered throughout ( f ig .  3 ) . The 

coal resources of this area which were mapped by Cady ( 1 9 5 2 )  and Smith and 

Berggren ( 1 9 6 3 )  are curren t ly estimated to b e  about 7 b illion tons in p lace 

as def ined in these s tudies . Only f our coal seams in this area are cons id-

ered minab le: t he Danville (No. 7) , Herrin (No . 6) , Springf ield (No . 5 ) , 

and Colchester (No . 2 ) .  Of t hese four coal s , all  but t he Danv ille (No . 7) 

are actively mined a t  this t ime, although the Danville (No . 7) is f requently 

l 

] 

J 
] 

t l 
exposed during mining . In 197 6 ,  5. 4 mill ion tons, or 9 percent o f  I l l inois ' · 1 
total coal produc t ion , came from this area . 

OCCURRENCE OF SPHALERITE IN COAL 
J 

General J 
S phalerite occurs in coal a s  ep igenet ic mineral f illings in frac- J 

tures , clea t ,  cavit ies , faul t s ,  and c lay d ike d i s turbances . Figures 4 a-d 

show examples of sphaleri te in cleats of the Colch es ter, Springf ield , and J 
J 
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SYSTEM DOMINANT LITHOLOGY THICKNESS (ft) 

Quaternary Glacial drift 0-200 

Pennsylvanian Sst, sltst, sh, lmst, & coal 0-600 

Mississippian Limestone 0-500 

Devonian Doi, lmst, sh 0-275 
Silurian Dolomite 0-400 

Ordovician Dolomite and limestone 1150-1500 

Cambrian Sandstone 200-2700 

Precambrian Granite 

Fig . 2 .  Generalized s trat igraphic s ec t ion o f  the s tudy area 
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a b 

c d 

Fig. 11. a-The pencil is pointing to a sphalerite·-fi1led cleat in the 
Col chester (No. 2 Coa:D (area of coverage is 1 8  x 18  in.), b-Sphaleri te-
filled cleats in the upper part of the Springfield (No. 5) Coal (pen is 6 
in. long). c-The penci] is pointing to an exposed sheet of sphaleri te 
fi11ing in the Herrin (No. 6) Coal (pencil is 6 in. long). d-Sphnlerite
ftl led clc;1t:: in the• lnwc·1- p;1rt llf t:1c• Sprt11gfic'ld (:--ll1. S) Cn;1] (iwn is 
6 in. long). 
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Herrin Coal s .  Cleats  are the ver tical j o int- like structures in the coals . 

The sphaler ite in c lea t s  and frac tur es is of the vein f illing typ e ;  sphaler

ite in faults and slips is of the vein f illing type along sl ickens ided sur

fac es; and sphalerite in c lay d ikes occurs as crystalline aggrega tes and d is

crete crystals in the ela s t ic mat r ix of the dike s .  Euhedral spahlerite crys

tals are found in cavities which were produced in the coal a s  a resu l t  of 

struc tural d i s turbanc e s  o f  the coal b ed such a s  c lay dikes .  Figures Sa and 

b show a ver t ical and hor izontal sec t ion through a sphalerite vein f illing . 

Figure s  Sc and d show two sphalerite crysta lline aggregates . 

Previou s Inves tiga tions 

Ha tch et al. ( 1976)  f irst  describ ed sphalerite in coal a f t er specu

lating that samp l es of coal from the northwest ern part of the Illino is Basin 

Coal F ield had suf f icient concentrat ions of z inc to  be present a s  a s epara t e  

zinc sulf ide phase . Ha tch et al . describ ed s phaler it e vein f ill ings in coal 

clea t and also describ ed the mineral ization o f  the veins . They r ecognized 

the complex history of vein f il l ing and accompanying c l eat opening . They 

also d ivided the mineralizat ion into three s tages : a sulf id e stage with 

s phaler ite and pyr i t e ,  a silica t e  s tage with kao l inite and quar t z , and a 

carbona t e  s tage with calc it e .  The s equence o f  sphalerite dep o s i t ion was 

describ ed by Hatch et al . ( 1 9 7 6) in f ive s t ep s  def ined on the basis of 

sphalerite hand color : ( 1 )  gray-white sphalerite with some irregular pale 

purple patches; (2) purple lamina ted sphaler ite with mor e  int ense coloration 

toward end of the s tage; ( 3 )  int ense , almost  opaqu e ,  purple sphaler ite; ( 4 )  

pale yellow to  yel low-brown sphalerite; (S ) gray-white sphaler ite with 

irregular purple pa tches . S t ep s  1 through 4 were given a s  the mo s t  impor

tant quantita t ively , and not all s t ep s wer e present in all veins observed . 

For the present s tudy , sphal er ite vein f illings and crystalline 

aggregates were prepared in d oubly pol ished thin plates of about 2SO micron 
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a b 
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Fig . 5 .  a and b�Ver t ical and hor izontal t hin sec t ions of sphaler ite fill ing in 
cleats o f  t he No . 5 Coal . Areas of view are 1 . 8  x . 6  in . c and d�Thin sec t ions 
of sphalerite crystal aggrega tes from t he Herrin (No . 6)  Coal (c) and t he Colches
ter (No .  2 )  Coal (d) . Areas of view are 1 . 6  x 1 . 0 in . 
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thicknes s (P. B .  Bar ton , personal commun icat ion) . The descrip tion of  

sphalerite in t he present study may vary from descrip t ions given by Ha tch 

et a l . ( 1976) because t hose thin sec t ions were prepared by convent ional 

thin sec t ion procedures and were no t doubly polished . 

Sphalerite Vein Filling 

Sphaler ite vein f illings in coal are in c lea t or frac tures which 

measure f rom 0 . 1 2 4  in . t o  0 . 75 in . wide and f rom 1 in . to t he ent ire seam 

t hickness (about 60 in . )  long . F igures Sa and b are examples of  sphalerite 

vein f illings in  c leat s  of var ious coal s .  The vein f illings have a complex 

history o f  mineralization , c leat and fracture opening , d i s so lu t ion and 

rep lacement , and cro s s-cu t t ing band s . The vein f illings exhib i t  symmet r i

cal and asymmetr ical crus t if icat ion which was in part controlled by the 

behav ior of  coal micro l itho types dur ing clea t or  frac ture opening (d ila

t ion) . After the ini t ial open ing in t he coal was f il led with sphaler ite,  

fur ther d ila t ion caused splitting down the sp haler ite f illing if the sphal

er ite- to-coal bond was st rong , producing symmetr ical vein f il l ing having 

the oldest dep o s i t ion on the outs ide and youngest in t he middle.  Clar i te, 

a c oal micro litho type ,  appears to bond t o  sphaler ite with enough st rength 

to produce symmetrical vein f il l ing . Frequently ,  however , asymmetrical 

f illing occurred because the bond ing of sphalerite to iner t i t e  (a  coal 

micro litho type with 95 percent iner t inite,  mo stly fu s inite) wa s weak,  and 

sub sequent d ilat ion produced s p l i t t ing between the coal and t he sphalerite.  

In this case the older sphaler i t e  band is in the middle and the younger is  

ou t s id e .  

Symmetrical and asymmetr ical vein f illings occur in a s ingle 

cleat.  This complex type of  vein development is  further comp l icated by 

la ter cros s-cu t t ing band s of sphalerite and by d issolu t ion of sphalerite 

and replacement by kaolinite . 
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Pyr ite does not occur in all vein f illings contain ing sphaler ite,  --I 

and there are a large number o f  pyr ite f illed veins in which sphalerite is 

qui te scarc e .  Pyr it e  in some vein f illings occupies the central portion . 

This c entral pyr ite " core" is flanked on both s ides by sphaler it e .  While 

the pyr ite "core" is o f t en cont inuous over many inc hes , in some instances 

where r ep lacement is extreme the pyr ite is  r educ ed to disconnec t ed small 

b leb s between two larger sphaler ite bands . 

Kaol inite occurs along the coal wall b etween coal and sphaler ite 

and within sphaler ite band s wher e  cracks occurred , allowing dis solut ion of 

sphalerite and prec ip itation of kaol in it e .  Corrod ed fragments o f  sphaler-

ite are embedded in kaolinit e .  I n  thin sect ion the kaolinite app ears to 

have a horizontal remnant layer ing which appears to b e  in r esponse to sort-

ing of the kaolinite c rystallites a s  they p rec ipita t ed out of solut ion . 

The sequence o f  sphalerite color band s in vein f illings f rom 

recent s tudies is s imilar to the one described by Hatch et al . ( 1976) : 

( 1 )  pale yellow to colorless with variab le int ensities of purple lamina-

tions; ( 2 )  var iet ies of yellow to dark yellow , includ ing some greenish 

yellow ( some o f  the c olor var iation may b e  due to thickness o f  the polished 

plates)  with scat t er ed patches of purp le; ( 3 )  dark yellow with some lamel-

lae , both purple and brown; and ( 4 )  reddish-brown to orange .  F igures 6a-c 

show pho tomicrographs of sphaler i t e  band ing in t he Herr in and Springf ield 

Coals of I llino is and the Fleming Coal of Mis sour i .  All o f  these pho to-

micrographs have an orange band o f  sphalerite b e tween a purp le laminat ed 

band on one s ide and a yellow band on the o ther . 

Sphalerite Crystalline Aggr egates 

Sphaleri t e  cry s talline aggregates overall are oblate  in shape and 

measur e 7 in . by 3 in . in long and short d imens ions . They oc cur in the 

elastic matrix of c lay dikes . Damb erger ( 1970 , 1973) d iscus ses the origin 
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Fig. 6 .  Photomicrographs of banding in sphalerite vein fillings and a 
fluid-filled inclusion in sphaler ite from a clay dike. a--Vein filling 
in Herrin (No. 6) Coal, Peoria County, Illinois, with left band light 
yellow, center band orange, and right band intense purple lamellae. 
Center band width is 3rnm and vertical orientation is parallel to center 
band. b-Vein filling in Springfield (No. 5) Coal, Fulton County, Illi
nois, with left band light yellow, center band orange, and right band 
yellow with purple lamellae . Center band width is 2mm and vertical 
orientation is parallel to center band. c-Vein filling in Fleming 
Coal, Vernon County, Mis souri, with left band light yel low, center band 
orange, and right band light yellow with purple lamellae . Center band 
width is 2mm and vertical orientation is parallel to center band. d
Crystal aggregatL' from clay dike in Colchestec (No. 2) Cool, Fulton 
County, Illinois,with fluid-filled lnclusion in yellow sphalerite. 
Diameter ot gas bubble at right center is 10 mic rons. 

15 
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o f  clay dikes in coal bed s . Figure 7a is an example o f  a sphalerite crystal 

aggregate in a clay dike . Figures 7b-d are examples o f  sphalerit e in other 

struc tures in the coal bed. The crystalline aggregates usually envelop 

coal particles . The b oundaries b etween growth stages are conc entric to 

the c oal/sphalerite interface , indica ting that sphalerite nucleation c om-

menced at the c oal particle  and growth continued outward . Kaolinit e and 

calcite occur at crystal j unctions in the aggregat es . 

The s equenc e o f  sphalerite band s in crystalline aggregates is 

d ivid ed into eight s t ep s  based on color . These steps are : ( l )  light 

brownish-yellow ,  (2 ) dark yellow with brown patches , (3) light yellow with 

light purple lamallae ,  (4) colorless to pale yellow, (5 ) yellow with intens e  

purple lamellae , ( 6 )  colorless to pale yellow ,  (7) yellow with purple larnel-

lae, and (8 ) yel low . 

The r elationship b etween sphalerite bands in crystal aggregates 

to vein fillings is not clear . The s equences o f  yellow with purp le lamel-

lae in the later steps of aggrega t es is very similar to the firs t s t ep s  in 

the vein fillings . The clay d ikes in which the crystalline aggregates  are 

found have an early his tory in the formation o f  the coal b ed . I t  is merely 

speculation that the clay dike aggregates b egan forming shortly before 

cleats and fractures had opened suf f iciently to begin mineral filling . 

However , by the end of the growth o f  aggregat es , the vein filling had com-

menc ed . 

Origin of S phalerite in Coal· 

The origin of spha lerite in coal is an important consideration 

in estima ting the ex tent of sphalerite-bearing coals and the ul tima te 

amount o f  zinc and cadmium in coals o f  the Interior Province .  A localized 

process of sphalerite deposition in coal , similar to the scattered occur-

renc es of sphalerite-filled concretions , would p rec lude a widespread 
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Fig. 7. a-The penciJ :is pointing to spha1C'rite crystal in the clayey matrix 
of a dike in the Colchester (No. 2) Coal ( pencil is 6 in. long ) . b-Tlie pencil 
is pointing to a sphalerite crystal on a slickensided surface in the Herrin 
(No. 6) Coal (pencil is 6 in. long). c-The pencil is pointing to sphalerite 
filling in a fracture in the Herrin (No. 6) Coal (pencil is 6 in. long ) . d
The ruler is lying along two slickensided surfaces which contain sphalerite 
in the Herrin (No. 6) Coal. 
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occurrenc e of sphaler ite in coals . However , a mechanism of sphalerite 

deposition in coals on the scale of bas ins provides an op timistic picture 

o f  large quantities o f  spha lerite spread throughout much of the Pennsyl

vanian coals of the Midcont inent . Much of the evidenc e suppor t ing a large

scale, bas inal mechanism for sphaler ite deposition in coal is  p roblemat i

cal; however ,  there is a s trong ind icat ion of a bas inal source for the 

ore fluid . 

Filling t emperatures o f  f lu id inc lus ions ind icat e  a range o f  t em

p eratures from so0c t o  102°C (E . Roedder , p er sonal communicat ion , and this 

s tudy) . Figure 6d shows a f lu id- filled inc lus ion with a gas bubble mea sur

ing 10 microns in d iameter . Composit ion of the inclusion fluids are sod

ium- and potass ium-rich b r ines . The salt concentrat ions approach 100 , 000 

µg/g total dissolved sal t s ,  s imilar in compos it ion to inc lusion f lu id s  in 

Mississip p i  Valley type ores and presen t  day Ill inois Bas in oil f ield 

brines . 

No evaporite deposits  are known in the s trat igraphic sec t ion o f  

the study area . The sal in ity of the inclus ion f luid s  and therefore of the 

ore f luids is  probably of mar ine origin , derived f rom waters trapp ed dur ing 

sedimentation in the Illinois Basin sed imen t s  and c oncentrated by sed iment 

consolidat ion proces se s . The metal conten t  o f  the ore fluid was p robably 

scavenged f rom shales , sands tones, and other sediments  dur ing residence of 

the ore flu id in the d eeper parts of the basin .  It  is poss ible that the 

geo thermal grad ient for the basin was higher and that the basin was bur ied 

fuuch deeper than at presen t . This would account f or the slightly elevat ed 

temperatures of the ore f lu id . 

A change in the basin hydro logy caus ed by changes in the tec tonic 

r egime affec t ing sedimentat ion , eros ion , or c ompact ion of the basin and its 

deep c irculat ion c ells provid ed the hydraul ic poten t ial t o  d isplace the ore 

f luid up through the c oal b ed s . Af t er the coal b ed s  had b ecome brittle 
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enough to frac ture and cleat , they could behave a s  aquifer s sandwiched 

b etween relat ively impermeable shales and clays . Under suc h cond i t ions 

the ore fluid could migrate many miles . 

Al though t he paragenes is o f  vein- fill ing in coal is  limited in 

c omparison to Mis s i s s ippi  Valley type ores and the mineralogy is much s im

p ler , nevertheles s the tempera ture of forma t ion , trace element suites , and 

inc lus ion fluid comp o s i t ion are all s imilar . The sphaler ite in coal i s  

multibanded as is the sphalerite i n  Mis s i s s ippi Valley type ores , and t he 

areal extent over which the band ing i s  traceab le is  large (about 500 square 

miles ) . 

COLLECTION , PREPARATI ON ,  AND ANALYSIS OF COAL FOR Z INC AND CADMIUM 

Sample Collection 

To d etermine t he average content of z inc and cadmium in t he coals , 

eac h  producing coal bed was samp led carefully and uniformly . Varying cond i

t ions of mine expo sures prevented standardiz ing the sampling program. Sam

p l ing procedures followed methods typically used in sampling coa l for bulk 

comp o s i t ion and in sampl ing ore bod ies for ore grade.  Only unwea thered , 

fresh coal samples were collec ted . 

The types o f  samples used were compo s i t e  auger, bench, channel , 

composite face channel, grab , and a var iat ion o f  "chip samp ling , "  here 

cal led compos ite face grid . Thes e tvpes are described as follow s : 

Bench sample-A samp le of the coal taken in vert ical 

segmen t 6 to 10  in . high , called benches . Each bench 

yield s a separate sample . A ser ies of bench samp les 

of the en t ire coal th ickness constitutes the bench 

set . Both the roof and floor of the coal bed are 

occas ionally inc lud ed in the bench set . 



Channel sample�A sample o f  the en tire coal thicknes s 

ob ta ined by cutt ing a 6-inch-wide ver t ical channel 

down the coal face . For this stud y ,  all mineral 

part ings were inc lud ed in the sample . 

Compo s it e  auger sample�A sample o f  cut t ings collected 

from each auger hole in a ser ies o f  t en holes , each 8 

in . in d iameter , spaced 1 . 5  f t  apar t ,  drilled through 

the entire coal thickne s s , and compos ited into a s in

gle sample . 

Composite  face channel�A standard sampl ing t echnique 

used to ob tain coal samples for bulk composit ional 

analysis . Three coal channel samples spaced randomly 

along a mine exposure are combined into a single com

posite sample . 

Composite face gr id (or chip samp le) �A method used to 

evaluate the ore grade in d isseminat ed ore deposits at 

a mine face . For this study , coal was sampled f rom 

fresh mine faces by measuring a 2 0-f t length o f  the 

coal face and p lac ing a gr id with int ersect ions at 

1-f t int ervals on the coal fac e .  A hand-si zed sample 

was removed from each int ersection o f  the grid l ines 

and all the samples were then comb ined into a s ingle 

large sample . 

Grab sampl e�A sample o f  coal taken where exc ep tion

a l ly high concentrat ions of z inc and cadmium were sus

p ected . 

20 

Rock ma terials associated with the coals were sampled to determine 

their z inc and cadmium content. Such mater ials included shales above the 
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coal bed s ,  underc lays , shaley par t ing s ,  and clay d ikes . The se samples are 

descr ibed as follows : 

Roof shale�A grab sample o f  the roof ma terial imme

diately above the coal. Roof shale was also sampled 

as a par t of the b ench samples. 

Underclay sample-A grab sample of underc lay immediately 

below the coa l. Underclay was o f ten sampled as a sepa

ra te b ench in some b ench samples. 

Mineral or shale par t ings�A grab sampl e  of prominent 

par tings in a coal or a separate samp le taken with b ench 

sets. These samples inc lud e grab samples of clay d ike 

ma ter ial . 

S lurry refuse�A bulk shovel sampl e  taken from a s lurry 

settling pond. S lurry is the f ine-gra ined refuse of 

coal mine washer wastes.  

yob refuse-A bulk samp le collec ted f rom preparat ion 

plant s or mine dump s. Gob is coars e-gra ined r efuse of 

coal mine washer wa stes. 

Sample Preparation 

All samp les were immed iately proc essed accord ing to the following 

procedures: 

1. The coal samp l e  was crushed in a small jaw crusher with jaws set open . 

2 .  The samp le was split in a one-inch riffler . 

3 .  The sample was subjec ted to a second crushing in jaw crusher with jaws 

set t ight. 

4 .  The sample was split in an enclosed quart er- inch r i f f ler. 

5 .  The samp le was we ighed and p laced in an a ir-dry pan and dr ied overnight. 

6 .  Dry we ight was recorded. 



7 .  The sample wa s crushed with a small roll crusher . 

2 2  

8 .  The samp le was sp lit in the r i f f ler to ob tain about 1 kilogram for 

reserve . 

9 .  A second sample was split from the remainder ( in rif fler) t o  obtain 

about . 5  kg . 

1 0 .  The . 5-kg sample was pulver ized in a Holmes Mill to < 6 0  mesh . 

11 . The pulverized sample was split on a small r if f ler to obtain a 150-g 

sample . 

12 . The sample was bot tled and agitated for 3 0  minutes to ensur e thorough 

mixing.  

Chemical Preparat ion and Analys is 

Cadmium and z inc in the coal samples were determined by u s ing a 

Perkin-Elmer Model 306  atomic ab sorp t ion spec tropho tomet er equipp ed with 

a P erkin-Elmer Model 056 recorder . A 4- inch long , s ingle-slo t , f lathead 

burner with an air-acetylene f lame wa s used for sample atomizat ion . A 

Perkin-Elmer el ec trodeless d ischarge lamp and hollow cathod e lamp were 

used in the det ermina t ion of Cd and Zn , respectively . Correc t ions for 

nonatomic background absorpt ion were made s imul taneously using a P erkin

Elmer deuterium arc background corrector . 

All r eagents  used were ACS-cer t if ied r eagent-grade chemical s ;  

standard stock solut ions wer e  prepared f rom high-pur ity metals o r  compounds . 

Cal ibration standard s  prepared from d iluted s tock solut ions conta ined the 

following matrix components : 1 . 4  p ercen t  v/v aqua r egia ( 1 : 3 : 1 , HN03
: HC1: 

H
2

0) , 1 p ercent v/v 48 p ercent HF , and 1 p ercent w/v H3Bo3• 

About 2 grams of crushed and �round coal samples o f  app roximately 

<60 mesh were placed in a 3 0-ml Vycor cruc ible  and a shed in a muf f  le fur

nace at 5 00°c for 5 hours . The ash wa s then ground with a mulli t e  mor tar 

and pestle to approximately <200 mesh and stored in ac id-washed glass vials . 
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Approximately 0.1 g o f  ash , dried a t  ll0°c for s everal hours ,  was trans

f erred to an ac id-washed 60-ml l inear polyethylene bottle . The sample 

was treated with 1 ml of dis tilled HCl and heated to dryness on a steam 

bath .  The sample was then wetted with 0 . 7 m l  aqua regia followed with the 

addition o f  0 . 5 ml o f  48 p ercent HF. The bottle was capped tightly and 

p laced on a steam bath for approximately 2 hour s. The digested sample 

was treated with 10 ml of a 50-g/l iter s olution of H3Bo
3 

to complex the 

f luor ine. The digested sample wa s trans f erred to a 50-ml Pyrex volumetr ic 

flask , diluted to volume with deionized water , and returned to the decom

pos ition bottle for storage . ( S ee Bernas , 1 9 68; French and Adams ,  1 9 7 3; 

and Ruch et al . ,  197 4 for a more deta iled discus s ion of the dis solution 

proc edure . )  

The analytical wavelengths used for the analyses wer e 2 28 . 8  nm 

for Cd and 2 13 .9 nm for Zn . Calibration standards were in the range o f  

0 . 01 to 1 . 0  µ g / g  f o r  Cd and 0 . 1 to 1 0 . 0 µ g / g  for Zn . Where sample conc en

trations were greater than the upper l imit o f  l inear response , e ither the 

samples were diluted or the burner was rotated from its parallel orienta

tion to bring all ab sorbance values within the range o f  l inear ity. The 

metal concentrations were calculated by solving for conc entrations in a 

calib ration curve constructed from least squares , where ab sorbanc e was a 

function o f  concentration . A new cal ibration curve was calculated f or 

each set of analyses. 

It has b een demonstrated (Ruch et al . , 1 9 7 4 )  that Cd and Zn are 

retained during ashing; none is  lost by volatilization . A comparison o f  our 

laboratory proc edures performed on the National Bur eau of Standards coal 

sample SRM 1 6 3 2  with the certified results of the National Bureau of Stan

dards proc edures on SRM 163 2  shows the accuracy of our atomic ab sorption 

procedures. The NBS values for Cd and Zn are 0 . 19 and 37 µg/g r espectively , 
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and the values determined in this study wer e  < 0 . 2 3  µg /g for Cd and 3 6 . 7  

µg/ g  for Zn.  The average relative standard d eviat ion for both Cd and Zn 

det erminat ions by atomic absorpt ion spec trometry in this s tudy wa s 6 p er-

cent or less . 

TRACE ELEMENTS I N  SPHALERITE FROM COAL 

Trace elemen t s  and trac e element trends were investiga ted in 

vein f il l ing and crystal l ine aggregates using neut ron ac t ivat ion , atomic 

ab sorpt ion spec tropho tometry , and elec tron microprobe analyt ical t echniques .  

Tabl e  1 shows trac e element concentrations a s  d et ermined f rom cru shed sam-

l 
l 

11 

] 

p l es of spha le.rit e  hand p icked to v isual pur ity . The samples lab eled "pur- ·-1 
p le" and "yellow" were hand p icked par t ic les of predominantly purp le sphal-

er ite and yel low sphalerite from the same spha l erite crysta lline aggregate J 
sample . 

In general the samples contain iron ( 0.15- 0 . 93 weight p ercent),  

cadmium ( 0 . 3 0-0 . 5 6 weight percent ) , copper ( 3 60-470 µg/g ) , nicke l  ( < 10-440 J 
µg / g) ,  gal l ium ( 3 3-110 µg/ g ) , and les ser amounts o f  other element s  ( see 

table 1 ) . No sign if icant diff erenc e is  found between the "purple" and "yel- J 
low" sphalerite . 

Table 2 shows conc entrat ions of z inc and cadmium in sphaler i t e  

samp l es from coa l s .  The sphaler ite  samples were crushed and hand p icked 

to visual pur ity und er a microscope .  The analyses were p erformed with 
J 

atomic ab so rption spec tropho tometry.  J 
S phalerite color bands correspond ing to growth s tages in vein 

fillings and crystal l ine aggregates  were d i s t inguished by cros s-c�t t ing 

relat ionship s ,  concentric growth development, and o ther relationship s as 

previously d escribed . The elec tron microprobe was employed to charac t eri-

ize the iron and cadmium content of the co lor band s. These stud ies ind i-

cate that the iron conten t  in vein f il l ing sphalerite increases while the 
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Table 1. Minor and Trace Elements in Sphalerite from Coal Cleat, Cavities, and Clay Dikes 
by Neutron Activation Analysisa 

Cleat filling Clay Dike Clay Dike Cavity filling 
Element Herrin Coal Colchester Coal 

Clay Dike 
Colchester Coal Colchester Coal Herrin Coal 

Clay Dike 
Colchester Coal� 

Purple 

Na 31 48 56 34 37 60 
K 19 75 14 79 <14 107 
Rb 23 n.d. b 41 n.d. n.d. 110 
Ga s2±6 39±3 uo±7 97±n 65±6 92 

In 0.7 0.9 o. 7 2. 7 9.0 n. t. c 
As 6.9±,9 n.d. 0.6 n.d. n.d. 0.2 
Sb n.d. 0.2 0.3 0.3 0.8 n.d. 
Mn 11 2.7 11 3. 7 1. 9 7.3 

Co l. 7 <0.4 <0.6 n.d. 0.4 n.d. 
Ni n.d. n.d. n.d. 300 440 n.d. 
La 2.3 2.3 3.0 2.7 2.0 <2 
Sm <0,l n.d. 0.1 .08 n.d. 0.2 

Eu 0.02 0.02 0.04 0.02 0.02 n.d. 
Dy n.d. n.d. 0.2 <O.l 0.3 n. t . 
Cd • 56%d n. t .. n.t. n. t. n. t. . 34�( 
Cu 400 380 360 420 390 470 

Fe .93%e . 26% . 28% .20% .24% . 20% 

NOTE: Except where percentages are indicated, all values are in parts per million. 
asphalerite hand-picked 
bNot detected. 

to visual purity. 

cNot tested. 
dQuantitative electron microprobe analysis. 
eAtomic absorption spectrophotometry. 

Table 2 .  Zinc and Cadmium 
Concentrations in S phalerite Associated with Coal 

Sample Zinc Cadmium 
number Coal Association (%) (]Jg/g) 

C-19051 6 63. 1 3 8 70 
C-19052 2 66. 4 6900 
C-19053 2 64 . 6  4 160 
C-19058 2 66. 7 3 700 
C-19059 6 65. 6 6120 
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Clay Dike 
Colchester Coal

Yellow 

98 
104 
n.d .. 

33 

n.t. 
0.4 

<(J.l 
n.d. 

<0.5 
n.d. 

<2 
n.d. 

<0.03 
n. t. 

. 30% 
420 

.lSX 
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cadmium content decreases f rom the initial growth t o  the f inal growth . 

Conversely , the iron cont ent in sphalerite crystalline aggregates decreases 

while the cadmium content increases from the ini t ial growth to the f inal 

growth (Cobb and Russell , 1 9 7 6 ) . 

The quantitat ive elec tron microprobe determina t ions were made by 

taking probe traverses along colo r  bands and taking count s from points 

about 10 microns apar t . The r epresentat ive concentrat ions given are ar i th-

l 
l 
l 

met ic means o f  a t  least 60  p o int determinat ions in a s ingle band . The iron J 
and cadmium content in vein f il l ing sphaler ite is  character iz ed by the fol-

lowing representat ive samples : 

( 1 )  Init ial s tage : band color is  light yellow with 

purple lamellae , iron conten t  is  0.1 weight p er-

cent and cadmium content , 0.9 . 

( 2 )  S econd stage : band color is  yellow with scat-

t er ed purple p atches , iron conten t  is 0 . 4 we ight 

p erc en t  and cadmium con t en t, 0 . 4. 

(3 )  Third s tage : band color is med ium dark yellow , 

iron conten t  is 0 . 51 weight p ercen t  and cadmium 

conten t , 0 . 3 .  

(4 )  F inal stage : band color is r edd ish brown (orange 

in some cases ) , iron conten t  is  1 . 1 we ight p er-

cent and cadmium content , 0. 3 .  

J 
1 
] 
J 
J 

The iron and cadmium content in crystalline aggregates is charac- : J  
terized a s  f ollows : 

(1) Init ia l  stage : band color is light brownish yellow 

iron content is  0 . 7 weight p ercent and cadmium 1J 
content , 0 . 2 .  
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( 2 )  Second stage : band color is  dark yellow with 

brown patches , iron content is  0 . 7 weight p er-

cent and cadmium content 2.0. 

( 3 )  Third stage : band colo r  is l ight yellow with 

purple lamellae, iron content is 0 . 4 weight per-

cent and cadmium , 0 . 2 .  

( 4 )  Fourth stage : band color is pale yellow to 

colorles s ,  iron content is 0 . 2 weight percent 

and cadmium content, 0. 3 .  

( 5 )  Fifth stage : band co lor is  intense purp le 

lamellae , iron content is 0 . 4  weight p erc ent 

and cadmium content, 0 . 3 .  

( 6) S ixth stage : band color is yellow with pur-

ple lamallae , iron content is  0 . 4 weight 

percent and cadmium content, 0 . 3 .  

( 7 )  S eventh stage : band color is  light yellow ,  

iron content i s  0 . 3  weight p ercent and cad-

mium content, 0 . 4 .  

2 7  

For purposes of comparing sphaler ite in coals of the study area 

with s imilar vein filling sphaler ite in coals of Mis sour i ,  iron and cad-

mium determinations were made on corresponding color bands . The three 

mo st distinctive color bands common to all vein fillings were ana lyzed . 

These results are summarized below . 

Color Band 

Reddish brown Yellow Purple lamallae 
Coal-Location Cd F e  Cd Fe Cd F e  

Fleming Coal-Missour i 0 . 5 0 . 7 0 . 3 0 . 4 0 . 2  0 . 3 
Mineral Coal-Mis souri 0 . 7  1 . 8  0 . 3  0 . 5 0 . 2 0 . 5 
Springf ield Coal-Fulton County 0 . 3  1 . 1  0 . 3  0 . 5 0 . 4  0 . 4 
Springf ield Coal-Fulton County 0 . 5 1 . 3  0 . 5 0 . 7 0 . 4 0 . 5 
Herrin Coal-Peor ia County 0 . 3 1 .  5 1 . 2 0 . 4 0 . 3 0 . 6 
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The iron and cadmium content in t h e  same color band s in these 

different vein f illings is s imilar . Because the se prel iminary s tudies 

show s imilar color and trac e element content in sphaler ite  vein fillings 

from coals in widely separated sample loca t ions , cont inued work i s  nec es-

sary to better understand the processes which control depo s i t ion o f  spha l-

erite in coal . 

General 

RESULTS AND DISCUS S ION OF COAL SAMPLING FOR 
ZINC AND CADMIUM 

Tab les 3 through 7 present the atomic ab sorp t ion spec trophotom-

etry data for z inc and cadmium content in coal for the f ive differ ent coal 

samp l ing method s evaluat ed in this study . The locat ions of these samples , 

mine and coal company names , coal seam mined , sampl ing method,  and sample 

numbers are given in the app endix . The data are mos t  complete for the 

Herrin (No . 6) and Springfield (No . 5) coal s ,  while l imited expo sures pre-

vented mor e  comprehen s ive sampl ing o f  the Colchester (No . 2) coal . From 

the standpo int of the d if f er ent sampl ing method s ,  the data are mos t  numer-

ous for the b ench , channel ,  compo site  face channel ,  and composite face 

grid , while least numerous for the compo site  auger samples . 

A general survey o f  all the data i s  nec essary before an evalua-

tion of the various sampl ing method s is begun . The frequency dis tribut ion 

of z inc and cadmium content in coal for all samples shows a b imodal t en-

dency ( f ig .  8 ) . Field observat ions mad e  dur ing sample collec t ion indicat e  

tha t the lower mode (O to 200 µ g / g  z inc and 0 to 3 µg/g  cadmium) is com-

posed of samples collected from flat or undisturbed parts of the coal beds 

and is attributed to sphaleri t e  f illing small fractures and cleats . Fig-

ures 9a and b show und isturbed p o r t ions of coal beds which were sampled 

and found to contain smaller conc entrat ions of z inc and cadmium .  The 

l 
l 
l 
l 

l 
l 
l 
1 
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] 
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J 
:J 

J 



2 9  

l 'table 3. · Z inc and Cadmium 
Concentrat ions in Bench S e t s  

I Samp l e  S ample Ash Z inc Cadmium 
numb er Coal Typ e  a % ( µg/ g) ( µg/g) 

l C - 1 9 0 6 0  2 RIO 9 5 . J 7 7 9  < 3 . 1 
C- 1 9 0 6 2  2 B l  6 . 5 2 5 < 0 . 2 
C - 1 9 063  2 B2  6 . 7 4 5 < 0 . 2  

l C- 1 9 064  2 B J  5 . 8 7 6 < 0 . 2  
C- 1 9 0 6 5  2 B 4  5 . 02 1 8  < 0 . 2  
C- 1 9 0 6 1  2 RK2 9 2 . 9 6 6 7  < 2 . 8  

J C - 1 9 0 7 9  s B l  1 1 . 3 7 1 7 7 0  1 9 . 4  
C- 1 9 080 s B 2  1 0 .  7 7  7 6 60 8 0 . 9 
C- 1 90 8 1  s B J  1 1+ . 6 5 4 6  < O . J  

J C- 1 9 0 8 2  s B4 1 6 . 9 2 1 4  < 0 . 3 
C - 1 9 08 3  5 B S  1 5 . 8 6 2 9 0  2 . 9  
C - 1 9084 s B 6  1 6 . 9 7 1 7  < O . J  

1 C - 1 9 2 2 7  s B l  1 4  . 1 4 J 7 0  3 . 4  
C- 1 9 2 2 8  5 B 2  1 0 . 07 1 6 0 2 . 1  

l C- 1 9 2 2 9  s B J  1 1 . 20 4 2 0  4 . 7  
C- 1 9 2 J O  s B 4  1 0 . 2 2  3 J O  3 . 3  
C- 1 9 2 3 1  5 B S  1 4 . 02 1 0  < O .  3 
C- 1 9 2 3 2  s RK2 9 5 . 6 1  2 4  < 2 . 2  

] C- 1 8 9 8 2  6 RK l 9 1 . 34 32 < 2 . 8 
C- 1 8 9 8 3  6 B l  7 . 9 5 2 J O  1 . 8  

] C- 1 8 984 6 B 2  1 6  < l .  0 
C- 1 8 9 8 5  6 8 3  1 0 . 08 14  < 0 . 3 
C- 1 8 9 8 6  6 B4  6 . 3 0 6 < 0 . 2  

] C- 1 8 9 8 7  6 B S  1 0 .  7 7  9 0 . 6  
C- 1 8988  6 B 6  1 7 . 90 1 4  < O . S 
C- 1 89 8 9  6 RK2 8 7 . S S 34 < 2 . 7  

] C- 1 90 6 6  6 B l  1 1 .  7 3 6 <0 . 4  
C- 1 90 6 7  6 B 2  8 .  1 2  8 < 0 . 3 
C- 1 9068  6 B 3  7 . 09 9 < 0 . 1 

J C- 1 90 6 9  6 B 4P 6 2 . 1 1  1 4  < 1 .  9 

C- 1 9 07 0  6 B S  24 . 1 0 4 5  < 0 . 4  
C- 1 9 07 1 6 B 6  2 2 . 4 2 1 2  < O .  7 

J C- 1 9 0 9 3  6 RK l 9 7 . S 9 9 1  < 2 . 5 

C-1 9 1 0 5 6 B l  9 . 9 S 9 S O  1 1 . 1  

C- 1 90 8 S  6 B2  1 0 . 3 5 l l SOO 8 4 . 0  

J C- 1 9 08 6 6 B 3  1 4 . Li. s 1 4 9 00 1 1 7  
C- 1 9 08 7  6 B4  7 . 7 4 4 20 J . 4  

C - 1 9088 6 B SP 9 0 . 8 8  5 7  < l . 6 

J C- 1 90 8 9  6 B 6  1 1. 8 3  4 8  O . J  

C - 1 9 0 9 0  6 B l  1 3 . 4 1  2 0  < 0 . 3  

C- 1 90 9 1  6 B8  2 2 . S 7 3 3  < O . S 

J 
C- 1 90 9 2  6 RK2 9 3 . 2 S 7 1  < 2 . 4  

J 
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Tab l e  3. Cont inued l 
S amp l e  S amp l e  Ash Z inc Cadmium l number Coal Typ e a % ( µg/g) ( µ g/g) 

C'-- 1 9 094 6 RK l 9 0 . 90  42  < 2 . 1  -] 
C- 1 9 09 5  6 B l  2 0 .  Lf 3 1 1  < 0 . 5  
C - 1 9 0 9 6  6 B 2  1 1 . 94 1 2 2 0 . 5 -1 C- 1 9 097 6 B 3  1 5 .  1 8  1 8 6 0 . 5  
C- 1 9 0 9 8  6 B4  9 . 2 1 1 3  < 0 . 2 
C- 1 90 9 9  6 B S  6 . 4 9 6 < 0 . 2 
c-- 1 9 1  oo 6 B 6P 84 . 4 2 20  < 1 .  9 l C- 1 9 1 0 1 6 B 7  1 5 . 03 1 0  < 0 . 4  
C- 1 9 1 0 2 6 B8 1 3 . 4 4 2 2 1 0  1 7 . 6  
C- 1 9 1 03 6 RK2 9 0 . 5 6  4 3  < 2 .  1 1 C- 1 9 2 1 1  6 RKl 9 6 . 60 7 1  < 2 . 2  
C - 1 9 2 1 2  6 B l  1 7 . 9 2  l S  < 0 . 4 
C - 1 9 2 1 3  6 B 2  1 1 . 03 34 < 0 . 3  ] C-1 9 2 1 4  6 B 3  1 3 . 08 6 1 80 S S . 7  
C- 1 9 2 1  S 6 B4P 9 3 . 04 1 3  < 2 . 2  
C- 1 9 2 1 6  6 B S  2 7 . 1 2  1 1  < 0 . 6  -l C- 1 9 2 1 7  6 B 6  1 8 . 8 6 1 03 0 . 9 
C- 1 9 2 1 8  6 RK 2 9 7 . 3 6 4 0  < 2 . 3  

C- 1 9 2 2 0  s B l  1 1 .  2 9  8 < 0 . 3  l C- 1 9 2 2 1  5 B 2  1 2 . 59 1 1  < 0 . 3  
C- 1 9 22 2  5 B 3  1 3 . 7 6 28 < 0 . 3 
C-1 9 2 2 3  5 B 4  1 8 . S O 2 3 9 0  2 3 . 6 J C- 1 9 2 24 s B S  1 2 . 4 9 47 0 4 . 6  
C- 1 9 2 2 5  s RK2 94 . 2 6 3 0  < 2 . 2  

C- 1 9 2 3 4  6 B l  2 8 . 98 2 S 9 0  6 .  1 J 
C- 1 9 2 3 S  6 B 2  1 0  . 4 2  3 3  < 0 . 2 
C- 1 9 2 3 6  6 B 3  8 . 5 0  6 1  0 . 8 J C- 1 9 2 3 7  6 B 4P 86 . 4 1 2 0  < 2 . 0  
C- 1 9 2 3 8  6 B S  1 0 . 80 7 < 0 . 3 
C- 1 9 2 3 9  6 B6 3 :) .  30 320 3 . 7 
C- 1 9 2 4 0  6 RK2 8 6 . 6 3 l S  < 2 .  () J 
C-1 9 24 6  6 RK l 8 6 . 8 4 3 1  < 2 . 0 
C- 1 9 24 1 6 B l  34 . 9 5 2 1  <0 . :3 J C- 1 9 2.'.+ 2 6 B 2  1 4 . 0 5 1 8  < 0 . 3  
C- 1 9 2 4 3  6 B 3  1 2 . 1 5  8 < 0 . 3 
c- 1 9 24 4  6 B 4  1 8 . 7 6 1 4  < 0 . 4  J C- 1 9 2 4 5  6 RK 2 94 . 1 7  34 < 2 . 2 

:J 
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Tab l e  3 .  Cont inued 

Samp l e  Samp l e  Ash Z inc Cadmium 
number Coal a 

% ( µ g /  g)  ( µ g / g )  Typ e 
- --·-----------------

C- 1 9 2 4 8  6 RK l  8 8 .  9 6  5 9  < 2 . 1  
C- 1 9 2 4 9  6 B l  1 4 . 5 5  8 < 0 . 3 
C- 1 92 50 6 B 2  1 8 . 6 2 1 3  < 0 . 4 
C- 1 9 2 5 1  6 B 3P 9 0 . 65  1 9  < 2 . l 
C- 1 9 2 5 2  6 B4 8 .  79 1 4  < 0 . 2 
C- 1 9 2 5 3  6 B S  1 0 . 3 9 1 3  < 0 . 2 
C- 1 9 2 51+ 6 RK2 8 9 . 4 9 4 0  < 2 . 1  

NOTE : 
a

RK l  
Some sha l e  and underclay s amp les are inc lud ed . 

RK2 
B l -BS 
B4P 

Samp l e  
number 

C- 1 9 2 1 0  
C- 1 9 2 1 9  
C- 1 92 2 6 
C- 1 9 2 3 3  
C- 1 9 2 5 6  
C- 1 9 2 5 7  
C- 1 92 58 
C- 1 9 4 1 8  
C- 1 9 4 2 1  
C- 1 9 4 2 4  
C- 1 9 4 2 6  

Ove r lying sha l e  ( r o o f )  
Und erclay 
Coal benches 
Sha le p a r t ing in s eam 

Tab le 4 .  Z inc and Cadmium 
C onc entrat ions in Channel Sampl e s  

Ash Z inc 
Coal % ( µ g/ g) 

6 1 8 . 6 6 1 3 6 0 
5 2 2 . 7 0  6 1 0  
5 1 3 .  7 2 6 2  
6 2 6 . 5 9  l l OO 
6 1 5 . 8 8 6 9 0  
6 1 9 . 2 0 1 09 
5 1 7 . 7 4 6 3 0  
2 7 . 5 6  1 540  
5 1 3 . 5 0 4 1 0  
5 24 . 5 3 7 9 0 
6 2 6 . 9 3 2 7 0  

Cadmium 
( µ g /  g)  

1 7 . 0  
4 . 3  
0 . 5 

1 6 . 0  
5 . 3  

< 0 . 4  
8 .  1 

1 0 . 4 
2 . 7 
7 . 7  
2 . 3 

3 1  



32  �l 
l 
·1 

Table 5 .  Z inc and Cadmium 
Conc entrat ions in Compo site Fac e  Channel Samples l 

S amrle Ash Zinc Cadmium 
number Co al % (µg / g) (µg/g) -1 
C- 1 4 6 50 2 9 . 4 6 9 30 8 . 7  
C- 1 477 4 5 1 2 . 82 9 60 7 .  2 
C- 1 507 9 6 1 5 . 3 1  4 6  <0 . 2  
C- 1 5 1 1 7 6 1 3 . 60 1 17 1 .  2 

1 
C- 1 5 1 2 5 6 1 3 . 07 6 20 7 .  8. 
C - 1 5 87 2  6 1 L1 . 4 4  3 1 0  2 . 2 

C- 1 6 2 6 4  5 1 2 . 5 3 1 5 9 2 . 7  ] 
C - 1 6 2 6 5  6 9 . 50 1 3  <0 . 4  

C- 1 6 3 17 6 1 2 . 00 2670 2 8 . 0 

C- 1 6 5 4 3  6 1 1 . 9 4 5 3 5 0  6 5 . 0  · 1 
C- 1 67 4 1 6 1 2 . 8 9 2 90 1 .  8 

1 
J 

Tab le 6 .  Z inc and Cadmium ] 
Conc entrat ions in Composite Fac e  Gr id Samples 

S ample Ash Zinc Cadmi um ] 
· number Coal % (µg/g) ( µg/g)  

C- 1 8 9 7 9  6 1 0 . 9 8 1 0 50 8 . 0  J 
C- 1 8 9 80 6 9 . 08  8 10 7 . 0  

C- 1 8 9 8 1  6 1 6 . 3 2 7 60 6 . 3  

C- 1 907 2 6 1 5 . 1 5  9 80 1 5 . 6 J 
C- 1 9 3 9 8  5 1 2 . 1 4  3 6 0  4 . 4  

C- 1 9 3 9 9  5 1 6 . 1 9  540 5 . 9 

C- l 9L100 2 10 . 3 3 l-100 4 .  l J 
C - 1 9 40 1  2 7 . 9 2 400 2 . 8  

C- 1 9 404 5 1 1 .  4 9  1 80 2 . 5 

C- 1 94 1 5  6 1 6 .  1 8  380 3.  2 

C - 1 9 4 1 9  2 1 2 . 70 8 50 6 . 3  J 
C - 1 9 4 2 2  5 1 3 . 4 8 2 50 l .  8 

C- 1 9 4 2 5  5 1 3 . 90 1 570 1 l . 7 

C- 1 9 4 27 6 2 1 . 8 4  3 1 0 3 . 6 J 
J 
J 
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Fig.  8 .  a�Histogram showing distribut ion o f  zinc for 
all coal sample data . b--Histogram showing d istribu
t ion of cadmium for a ll coal sample data . 
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Fig. 9 .  a-Undis turbed portion of the Springfield 
(No. 5 )  Coal a t  site of composite f ace grid sample . 
Site contains 1 8 3  µ g / g  zinc. b-Undis turbed portion of 
the Herrin (No. 6) Coal at site of comp osite f ace grid 
sample. Site contains 1 3  µ g / g  zinc. c-Dis turbed p or
tion of the He rrin ( No. 6) Coal at site of  composite 
face grid .sample. Site contains 1 , 04 8  µg / g  zinc. d
D i s turhed por tion of the Herrin (No. 6 )  Coal at site o f  
comp osite face grid samp le (rule shows 4 f t  vertical ) .  
Site contains 8 0 7  µ g / g  zinc. 
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higher mode ( 3 00 to 1 100 µg/g  z inc and 4 to 15  µg/g  cadmium) is composed 

o f  samples collected pr imarily from d isturbed sect ions of the coal b ed s . 

The d isturbed areas f ound in the coals in thi s  study are chara cter iz ed by 

clay d ikes , faults , cavities , slip s ,  and large fractur es . Figure s  9c  and 

d show faulted and clay d ike d isturbed coal , which wa s samp led and f ound 

to contain higher amounts of z inc and cadmium . Beyond the higher modes , 

there are a number o f  samp les which range in z inc and cadmium as high as 

5 , 400 µg/g and 65 µg/g respectively . These scattered samp les represent 

the high ta iling end of the upper mod e .  

These ar ithmetic d i s t r ibutions ( f i g .  8 )  exhib it s ignif icant skew

ness toward higher values . This skewness is such that two-thirds o f  the 

va lues f or both z inc and cadmium are less than the ar ithmetic mean . The se 

high values which account for only one-third o f  the total samples exert 

inf luence on the mean equal to the remaining two-thirds of the samples 

with lower values . This suggests that f ewer very high values over ly 

influence the mean , r esulting in a higher value for the ar ithmetic mean . 

It has been suggested by Ahrens ( 1 9 54a and b) that in a natural 

population , the distribution of trace elements in many types of rock mate

rials mo st often approximates a lognormal d istr ibution . One indication of 

a lognormal d istr ibution i s  a pos itive (or negative) skewness as is exhibi

ted in the ar ithmetic d istr ibutions for all of the samples . The lognormal 

frequency d istr ibutions for the present data are shown in f igures lOa and b .  

An additional test for lognormality is to p lot a cumulative fre

quency curve using probabil ity pap er . A lognormal d istr ibution will plot 

on probab il ity paper as a straight l ine . Figures 1 1  and 12 show the z inc 

and cadmium data plotted . These two plots cons ist  of at least two l ine 

segments with d i f f er ing s lop es .  These plots are interpreted as represent

ing a mixture of population s o f  z inc and cadmium in the coal or more l ikely 

the two populations as already ind icated as und isturbed and disturbed 
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frequency d istr ibution o f  z inc in all coal samp le s .  b� 
Semilo gar ithmic histogram showing lognormal fr equency 
d istribution of cadmium in all coal samples . 
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portions o f  the coal b ed s .  In the plot for z inc ( f ig .  1 1 ) , the two maj or 

line segments intersec t in the region between 200 and 3 00 µg/ g ,  which 

matches exactly the interval b e tween the h igh and low modes of the arith

metic distribut ion . In the plot for cadmium ( f ig .  1 2 ) , the same relat ion

ship occurs . That i s ,  the two p r inc ipal l ine segment s  f rom the probab il

ity plot int ersec t in the region between 3 and 4 µg/ g ,  again ma tching the 

d ivision between the mod es of the arithmet ic d istribut ion . Therefor e ,  two 

separa te populat ions o f  z inc and cadmium have b een samp led in the se coals . 

Subj ec t ive Evaluat ion of Sampling Methods 

The standard coal sampl ing methods (channel , compo s it e  fac e chan

nel , and b ench) were originally d evi sed to ascer ta in the bulk properties 

o f  the coal such a s  proximate and ultimate analyses , calo r if ic valu e ,  and 

ash content . On the o ther hand , the z inc and cadmium conten t s  o f  coal are 

controlled p r imar ily by their occurrenc e in sphaleri t e .  The occurrenc e o f  

sphalerite i n  coal is controlled b y  a somewhat errat ic pattern o f  minerali

zat ion which has no appar ent r elat ionship to the bulk prop ert ies o f  the 

coal but rather to the struc tures in coal b ed s . This var iat ion is  demon

strated by a series o f  consecutive auger ho les showing highly var iable z inc 

and cadmium ( tabl e  8 ) .  Therefore , the geologist sampling coal for its  z inc 

and cadmium conten t s  mus t  make a transition from viewing the coal for its 

bulk, fuel-related properties , to cons ider ing the coal as a two-phase sys

t em with the coal acting primar ily as a host for sphaler ite mineralizat ion . 

In making this transition , an eva luat ion should be made of the ad equacy o f  

present and proposed coal sampl ing methods used t o  estimat e  z inc and cad

mium r esources in coal . Th is evalua tion is a subj ec tive one based on the 

following criteria : 

1 .  Numbers o f  samples col l ected and analyzed . 

2 .  S ampl ing pattern . 
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Tab le 7 .  Z inc and Cadmium 11 

Conc entra t ions in Composite Auger S amples 

Samp le Ash Z inc Cadmium -1 
number Coal % ( µ g/ g)  ( µ g/ g)  

C- 1 8 8 6 1 - 6 6  6 3 5 . 9 3 1 5 7 0 . 8 l 
C- 1 94 3 6- 4 3  5 2 0 . 86 2 9 0  4 . 6 
C- 1 9 4 5 2 - 5 9  6 2 8 . 87  14  < 0 . 4  --1 C- 1 9 5 2 3  5 1 8 . 6 2 1 4 1  1 .  1 
C- 1 9 5 2 4  5 1 9 . 6 7 7 1 0  7 .  8 
C- 1 95 2 5  6 3 0 . 1 9  2 3 2 0  1 4 .  7 l C- 1 9 5 2 6  6 3 1 . 3 6  2020  24 . 7  

- ] 
Tab l e  8 .  Z inc and Cadmium ,- 1 Concentrat ions in Consecu t ive Auger Samples 

Sample As h Z inc Cadmium j numb er Coal % ( µg/ g)  ( µ g/ g ) 

C- 1 8 8 6 1  6 35 . 9 9 1 4  < 0 . 6  ] C- 1 8 8 6 2  6 3 0 . 2 1 2 5 0  0 . 7 
C- 1 88 6 3  6 5 3 � 5 1  380 0 . 9 
C- 1 8 8 64 6 2 9. 25 1 8  < 0 . 5 J C- 1 88 6 5  6 2 7 . 8 4 2 6 0  1 .  3 
C- 1 8 8 6 6  6 3 8 . 9 6 20 < 0. 6 

C- 1 9434  5 1 7 . 5 4 3 6  < 0 . 3 ] C- 1 9 4 3 5  5 24 . 3 3 3 9  < 0 . 4  
C- 1 9 4 3 6  5 2 1 . 1 3 500 5 . 3 
C- 1 9 4 3 7  5 2 0 . 04 4 2 0  5 . 1 J C- 1 94 3 8  5 1 8 . 3 8 48  0 . 3 
C- 1 9 4 3 9  5 27 . 8 5 96  1 . 1  
C - 1 9 4 4 0  5 2 0 . 80 1 66 0  3 1 .  6 

I 1 C- 1 9 44 1 5 1 7 . 7 3 1 5  < 0 . 3 
C- 1 9 4 4 2  5 2 3 . 2 6 1 5  < 0 . 4 
C- 1 9 4 4 3  5 1 7 . 5 5 8 6  0 . 9 

C- 1 9 4 5 2 6 3 2  . 1 3  9 < 0 . 5 ,J 
C- 1 94 5 3  6 2 2 . 40 1 6  < 0 . 4  
C - 1 9 4 54 6 2 1 .  03 1 1  < 0 . 3 J C- 1 9 4 5 5  6 1 5 . 30 1 0  < 0 . 2 
C- 1 94 5 6  6 1 8 . 04 1 2  < 0 . 3 
C- 1 94 5 8  6 36 . 6 1  1 8  < 0 . 4 
C- 1 9 4 5 9  6 5 6 . 59 1 9  < 0 . 9 J 
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The data for each o f  the three coal s eams , the Colchester ,  Spring

f ield , and Herrin will be combined in the d iscuss ion for each of the d if

f eren t  sampling method s .  The S tud ent ' s  t test shows that a t  the 0 . 1 level 

of s ignificanc e ,  there is  no reason to rej ect the hypothesis tha t  the mean 

z inc and cadmium concentra t ions for each of the three coal seams has b een 

taken from the same populat ion . Ther efor e ,  the large range in the data 

makes it impo s sible to diff erent iat e  with any conf id enc e b e tween the three 

coals on the basis of the z inc and cadmium content . The summary data for 

the diff erent sampling method s and the d if f er ent coals and will be dis

cussed later ( tab les 9 and 10) . 

S tatistical Evaluat ion of  Sampl ing Methods 

The b ench samples ( tab le 3) show ar ithmet ic means for z inc and 

cadmium of 662  and 5 . 9  µg/ g respectively . The range in the data is quite 

large,  as reflec ted by the standard devia t ion s .  The geome tric means for 

z inc and cadmium in these samples ar e 155  and 2 . 2  µg/ g r espec t ively . The 

large differences b etween the geometric and arithmet ic means for the b ench 

sets are not surprising considering the large ranges and standard devia

t ions for the data . The conf idence int ervals at  the 9 0 percent signif icanc e 

level for z inc and cadmium are 1 3 3  .$ x .$ 1 1 9 2  and 1 .  5 .:5 x .:5 1 0 .  3 respec

t ively (where x is the arithme tic mean) . 

A s ingle bench set  cons ists of several benches , the numb er o f  

which is a func t ion o f  the coal seam thickness . Each bench set shows ver

t ical var iat ions in a coal face but in only one locat ion . The detect ion 

of distric t-wid e var ia tions in the z inc and cadmium conten t s  in the coals 



of this area would r equire the co llect ion o f  great numb ers of b ench sets 

and the analysis o f  much greater numbers of ind ividual benches . This 

method would b e  r elatively inexpensive from a collec t ion standpo int , but 

the analyt ical costs would b e  high due to the relatively great number of 

separa t e  det ermina t ions required . The locat ion of bench sets wil l ,  on a 

mine scale , be determined by the availab ility of exposed seam fac es and , 

on a smaller scal e ,  by the samp ling b ias of the collec tor . This me thod is 

an unr igorous random sampl ing s cheme with no estab l ished cri teria for d et er-

mining the loca t ion of each b ench set . Thus the sample loca lity is deter-

mined by the b iases of the collector , by the geology exposed in the mine , 

and by the seam face app earanc e .  

The channel samples ( tab le 4 )  show ar ithme t ic means for z inc and 

l 

l 

cadmium of 684 and 6 . 8 µg/g r espec t ively . The se r esults  are quit e s imilar _ J  
to the b ench sampl e  means , but the ranges and standard d evia t ions o f  the 

data for the channel samp les are muc h  less than for the b enches . This 

lower range and standard d eviat ion is  also r ef lec t ed in the c loser agree-

ment o f  the geometric mean with the ar ithmetic means . The geometric means 

for z inc and cadmium are 480 and 4 . 1 µg/g respec tively . The conf idence 

int ervals at the 90 percent s ignif icance level for z inc and cadmium are 

418 < x -s 950 and 3 . 7 s x S 9 . 9 ,  r espec tively . 

Channel samples can generally be cons id ered a compo site b ench 

set and therefore will reflec t  an " average" z inc and cadmium content for 

the total thickness o f  the coal seam , but again at  only one locat ion . The 

numb er of channel samples neces sary to detect d istrict-wide var ia t ions in 

zinc and cadmium would b e  the same as the number nec essary for b ench set s ,  

but the number o f  d e termina tions will b e  f ewer than for the b ench samp les 

by a fac tor equal to the average numb er of b enches per b ench set . As ide  

from the advantage of need ing f ewer numbers of det ermina t ions , all  o f  the 

limitat ions of bench samp l ing app ly to channel samp l ing . 
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No t only do the composite face channel samp les ( table 5 )  exhib it 

the largest ar ithmet ic means for z inc and cadmium o f  1042 and 11 . 4  µg/g 

respec tively , but the standard d eviations and ranges are also the largest 

of all of the samp ling method s . The geomet r ic means for z inc and cadmium 

of 344  and 3 . 5 µg/g respec tively result in the greatest d if f er en t ial 

between the two types o f  means . The conf idence int erval s  at  the 9 0  perc ent 

s ignif icance level for z inc and cadmium are 157 s x s 1926 and 0. 7 s x s 

2 2 . 0 resp ec t ively . 

Compos ite face channel sampling c overs larger areas of the coal 

face and par t ially accounts for the var iab ility in sphaler ite mineraliza

tion . A single composite  face channel sample will mo s t  likely b e  insuf

f ic ient for an adequate evaluat ion of sphaler ite distribut ion . The number 

of samples necessary for an evaluat ion is less than the number o f  channel 

samples needed by fac tor of three . The l imitat ions associated with b ench 

and channel samp ling apply to composite face channel sampling . Without 

es tab lished criteria for locating sampl ing sites , there is  always a poten

t ial for collect ion b ias . 

As ment ioned p r eviously , the three standard c oal sampl ing methods 

were not designed to take into account the extreme var iab ility in sphaler

ite mineralizat ion and seam face appearance .  The sampl ing density and pat

t ern must be such that both d isturbed and und isturb ed areas ar e sampled and 

that the weigh t ing o f  samples from these two areas reflects the propor tion 

o f  disturbed to undisturbed areas for the region being evalua ted . A samp

ling pat t ern based on some type of grid appears to be the mos t  p romis ing 

method to provide the proper weight ing . The scale of the gr id will deter

mine how well the grid system will include both types of areas . 

The composite face grid samp les (table 6 )  show the closest agree

ment between the arithme t ic and geometric means with values for z inc of 6 2 9  

and 5 2 9  µ g/g r espec t ively and f o r  cadmium of 5 . 9  and 5 . 0  µ g/g resp ec t ively . 
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The standard d evia t ions and ranges for the z inc and cadmium data in the 

composite face gr id samples is the least of any of the sampling methods .  

This method , more than any of the o thers , due to its compo site nature , 

smoo ths ou t both the high and low values o f  the subsamp les to yield a more 

t ightly grouped set of data . The conf idence int ervals at  the 9 0  p ercent 

s ignif icance level for z inc and cadmium are 445 :5. x :::; 814  and 4 . 1  :::; x s 

7 . 8 ,  respec t ively . 

A composite face grid sampl e  consi s t s  of 2 1  x Y sub samples , where 1 
Y equals the thickness ,  in feet , o f  the coal fac e .  The gr id is 2 0  feet 

long , a length whic h ,  if a disturb ed area is  encount ered , will b e. suf f i

cient to include both dis turb ed and und isturbed areas . The l imitat ion o f  

this method l ies in loca t ing a suf f ic ient number o f  separa te grids s o  as 

t o  p rovide the proper we igh t ing o f  the two area s .  This sampl ing method 

may provide one o f  the b et ter opportunities to obtain good z inc and cad

mium data with the f ewest numb er of samp les ; the c omposite  nature of the 

method also allows for the analysis of f ew samples , thu s  keep ing analytical 

costs low . The setting up and collec t ing from a gr id may b e  tedious and 

t ime consuming , but the costs  should be minimized because f ewer analys es 

are required . S eam face availab ility s t ill r emains a p o t en t ial source of 

b ias as does choosing the locat ion o f  the grid . 

S ince ther e are so f ew composite auger samples (tab l e  7 ) ,  it is  

difficult to statistically evaluate them. The arithmetic means for z inc 

and cadmium are 8 1 7  and 7 . 9  µg / g  respec t ively . The range and standard 

deviat ion of the data are intermediate relative to face grid and channel 

samp les on the low side and face channel and b ench samples on the h igh 

side . The geometric means for z inc and cadmium are 320  and 3 . 3  µg/g 

r espec t ively . The c on f i d en c e  int ervals at the 9 0  p e r c en t  signif icance 

level for z inc and cadmium are 1 1 7  s x :::; 1 5 1 7  and 1 .  2 :::; x ::; 14 . 5 ,  respec

t ively . 
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O f  a l l  the sampl ing method s cons idered in this study , t h e  compo

site  auger method appears to have the lowest potent ial for b ia s .  Auger 

sampling , unl ike the o ther sampling method s , ha s the advantage of not b e.ing 

subj ec t to the ava ilab ility of an exposed seam face ,  as are a ll of the 

o ther sampling methods . Thus one of the potent ial sources of b ia s  is 

r emoved . Except for the h igh cost o f  auger sampling , which is the maj or 

drawback o f  this method , most of the o ther factors concerning composite 

auger sampling are the same as for composite  face grid sampling . 

Sununary of Z inc and Cadmium Data 

The z inc and cadmium contents  of the coal r ep resented by the 

arithmet ic means for the different samp ling methods range from a low value 

of 629  and 5 . 9  µg/ g  resp ec t ively for the composite face gr id sampl ing pro

cedure,  to a high value of 1042 and 1 1 . 4  µg/ g respectively for the compo

site face channel samp l ing procedure .  The quest ion s t ill rema ining is  

which sampling method yields the truest approximation of the z inc and cad

mium in the populat ion . 

The f ive methods were paired for all possible comb inat ions and 

subj ected to the t- tes t . I t  was found that at the 0 . 1  level of s ignifi

canc e ,  there is no reason to rej ect the hypo thesis that the arithmet ic 

mean z inc and cadmium concentrat ions in coal for all of the samp l ing 

method s und er considerat ion have been taken from the same population . This 

fact means that because o f  the large var iab ility in the data,  the f ive sam

pl ing method s produce resul t s  which canno t , with any c ertainty , b e  distin

guished from one ano ther . 

In making a f inal evaluat ion o f  the sampling method s and attemp t

ing to estimate the z inc and cadmium resources of the coals under s tudy , 

the limitat ions in the present data must b e  kep t in mind . Based on s imp le 

signif icance tests , it has been shown that the different sampling methods 
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yielded s imilar result s , primarily b ecause the data have large standard 

deviations .  At the 95 percent level of s ignificanc e ,  the confidence int er-

vals for z inc and cadmium for all the samples are 498  µg/g � x � 1010  and 

4 . 6  µg/g S x S 1 0 . 2 respectively . 

The c entral t endency of the z inc and cadmium in coal data is ind i

cated by the arithmet ic and geometric means . Trace element conc entrat ions 

in rocks commonly approxima te lognormal distribution s ,  as is the case with 

z inc and cadmium in coal . The best estimat e  of c entral tendency (mode or 

mos t  probable c oncen tration) is frequently the geometric mean . The arith

metic mean , on the o ther hand , is the corr ec t and unb iased estimat e  o f  

abundance , the population arithmet ic mean (Miesch , 1 9 67 ) . The geometric 

mean is always less than the arithmetic mean except when the var iance is 

z ero . 

A problem arises in estimat ing geochemical abundance b ecause  o f  

t h e  lognormal distribut ions exhib ited by the trace element data . The sam

ple arithmet ic mean in this lognormal case does not approximate the popu

la tion arithmet ic mean . Ano ther statistical parameter , S ichel ' s  t stat is

tic , has b een derived as a func t ion of the geometric mean to estimate the 

populat ion arithmet ic mean (Mies ch,  1 9 6 7 ) . The purpose of this s tat istic 

is therefore to estima t e  geochemical abundance . 

The summary data in tables · 9  and 10 inc lude three measures o f  

c entral t end ency and four measures o f  var iat ion . Measures of central t en

dency are the arithmetic mean , geometric mean (GM) , and S ichel ' s  t .  The 

measures o f  varia tion are standard deviation , geometric deviat ion (GD ) , the 

90 percent conf idenc e int erval , and an estima t ed range of the c entral 95 

percent o f  the observed dis tribu tion. This 95 p ercent rang e has a lower 

limit equal to GM/ (GD)
2 

and an upper limit equal to GM x (GD) 2 ( Connor et 

a l . , 1 9 7 6) . 
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Resource Evalua t ion o f  Z inc and Cadmium i n  Coal 

S ichel ' s  t statistic is  used in this r esource evaluation to 

estima te the populat ion arithmet ic means for z inc and cadmium abundanc e in 

coal . The sample data are too scatter ed to rely on the sample arithmetic 

means for r esource estimates . S ichel ' s  t is  a der ived estima te and will 

no t b e  construed as the ac tual geochemical abundance of z inc and cadmium . 

However , as an es t imate o f  abundanc e ,  S ichel ' s  t gives the concentrat ion o f  

z inc i n  the coals sampled a t  1026  µg/g and f o r  cadmium 8 . 1  µg/ g .  The c oal 

resources in the s tudy area have b een estima t ed at  7 b ill ion tons ( Smith 

and Berggren , 1 9 6 3 ) . Therefor e ,  the estima ted z inc resource is about 7 

million tons and the estimat ed cadmium r esource is 6 0 , 000 tons . 

General 

RESULTS OF SAMPLING SHALE , UNDERCLAY , PARTINGS , 
AND MINE REFUSE FOR Z INC AND CADMIUM 

Tables 1 1, 12 ,  and 13 show the analyses for z inc and cadmium in 

shales , underclays , and assoc iat ed rock materials . The data show unimodal 

arithmetic f requency distribut ions for z inc that c enter about mean values 

o f  58 µg/g for shale and 44 µg/g for underc lay. The average conc ent rat ion 

of z inc in shales is reported to be 95 µg/g (Turekian and Wedepohl , 1 9 6 1 ) . 

Clay par t ings differ little in z inc conten t  f rom und erc lays . Results o f  

these analyses give n o  ind icat ion o f  z inc enrichment i n  shales , c lay part-

ings , or underc lays as soc iated with sphalerite-bearing coal s .  

Correlation between Z inc and Cadmium 

Consistently high c orrela t ions of z inc and cadmium data for all 

samples demonstrate the mineralogical t ie between z inc and cadmium and a 

uniform ratio o f  z inc to cadmium . The correla t ion coeff icients for the 

different coal samp ling methods  range f rom 0 . 7 6  to 0 . 9 9 .  
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Results of Analyz ing Coal Mine Refuse 

Table 14 contains the r esults o f  analyses of mine refuse samples 

for z inc and cadmium . S lurry , the f ine-gra ined mat er ial p ip ed to sett ling 

pond s ,  and gob , the c oar se-gra ined material trucked to r efuse dumps ,  are 

produced in the preparat ion plant dur ing the wa shing o f  raw coal . Crushing 

and heavy med ia separators r emove the was t e  mat er ial , which is denser than 

the coal . Analysis o f  these r efuse samples ind ica t ed that sphaler ite is 

ef f ec t ively concentrated by a fac tor o f  5 to 1 0  t imes over in situ values 

in both s lurry and gob . F igur e  13a shows a mine slurry deposit and f igur e 

13b shows the surface o f  the deposit with a sphaler ite fragment h ighlighted . 

The f ea s ib il ity o f  produc ing a sphaler ite-enriched product from 

coal mine slurry is being investigated with a Humphreys spiral conc entra

tor . Analyses of s lurry show that it is  composed o f  up to 5 0  p er c en t  coal 

f ragmen t s , 4 2  percen t  rock fragments  ( inc lud ing shale , sandstone , l imes tone , 

calci t e ,  s ider i t e ,  and c lay) , 7 p erc ent pyr ite and pyrit iz ed shale , and 1 

p ercent sphaler it e .  The preliminary tests with the Humphreys sp iral con

c entrator showed that the sphalerite can b e  increased by 7 00 p erc ent in the 

h igh-dens i ty product .  Conversely , with r ej ection of the middl ings (rock 

fragments) , a c oal-enriched low-dens ity frac t ion is also produced . 

Recovery o f  sphaler ite and coal from coal mine slurry appears to 

be feas ib le ;  however , r ecovery will dep end on the availability of spha lerite

r ich s lurry and the d istributions o f  sphaler ite and c oal in the var ious 

types of slurry dep osits . 
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N o .  
o f  Ar i t h .  

Samp l e  Coal Samp l e s  Mean 

Bench 2 1 8 
5 3 8 2 0  
6 8 680 

All 12 6 6 0  

Channe l 2 1 1 5 4 0  
5 5 5 0 0  

6 5 7 0 0  
A l l  1 1  680 

Comp o s i t e  2 1 9 3 0  
Face 5 2 5 6 0  
Channel 6 8 1 1 8 0  

All 11 1040 

Compo s i t e  2 3 5 5 0  
Face 5 5 580 
Grid 6 6 7 1 0  

A l l  1 4  6 3 0  

Compo s i t e  2 0 
Au ger 5 3 3 8 0  

6 4 1 1 3 0  
A l l  7 8 1 0  

All 2 6 6 9 0  
5 18 5 6 0  
6 3 1  8 8 0  

Al l 5 5  7 5 0  

- --- ___, -

Table 9 .  Summary o f  Zinc Data 

E s t ima t ed 
Geom. Abundance S td .  Geom .  9 0% Conf . 
Mean S ichel ' s  t Dev . Dev . In terval 

6 3 0  - 7 2 0 2 . 51 -
1 3 2  - 1 1 9 0  8 . 8 4 -
1 5 5  1 04 0  1 0 2 0  8 . 2 7 1 3 3 - 1 1 9 2  

- - - - -
3 7 8  - 2 8 0  2 . 8 2 -
4 9 7  - 5 4 0  2 . 8 6 -
4 8 6  7 6 8  4 9 0  2 .  7 7  418- 9 5 0  

- - - - -
3 9 1  - - - -
2 9 4  - 1 9 00 7 . 3 5 -
344 1 3 4 5  1 6 9 0  5 .  7 7  l l 7 - 1 5 1 7  

5 1 4  - 2 6 0  1 .  5 5  -
4 2 4  - 5 7 0  2 . 3 1 -
6 4 9  - 3 1 0  1. 67 -
5 3 0  6 1 5  3 9 0  1 . 8 6  4 4 5 - 8 1 4  

307 - 3 0 0  2 . 2 5 -
3 1 9  - 1 2 1 0  1 1 .  2 8  -
3 1 4  1 2 4 1  9 6 0  5 . 91 l l 7 - 1 5 1 7  

3 4 7  1 4 4 0  5 4 0  6 . 54 2 6 3 - 1 1 1 3  
4 1 2  5 5 6  4 5 0  2 . 3 6 3 7 9- 7 4 7  
3 0 6  1 2 8 5  1 1 9 0  5 .  9 1  5 1 3 - 1 2 4 2  
3 4 2  1 0 2 6  9 50 4 . 6 0 4 9 8 - 1 0 1 0  

-

Observed 
Range 

2 5 8 - 1 6 3 0  
1 3 . 4- 3 4 9 0  

9 . 5 - 3 4 9 0  

-
6 2 - 7 9 0  

1 0 9- 1 3 6 0 
62-1540 

-
1 5 9 - 9 6 0  

1 3 - 5 3 5 0  
1 3 - 5 3 5 0  

4 00- 8 5 0  
1 8 0- 1 5 7 0  
3 1 0- 1 0 5 0  
1 8 0- 1 5 7 0  

1 4 1- 7 1 0  
14- 2 3 2 0  
14- 2 3 2 0  

8 . 5 - 1 5 4 0  
6 2 - 1 6 3 0  
13- 5 3 50 

8 . 5- 5 3 5 0  

Exp ec t ed 
9 5% Range 

9 9- 3 9 4 4  
2- 1 0 3 1 5  
2 - 1 0 6 6 9  

-
48-3006 
61-4065 
6 3- 3 7 2 9  

-
-

5- 1 5 8 8 3  
1 0- 1 14 5 3  

2 1 4 - 1 2 3 5  
7 9- 2 2 6 3  

2 3 3 - 1 8 1 0  
1 5 3 - 1 8 3 4  

61- 1 5 5 4 
3-40589 
9-109 6 7  

8 - 1 4 4 3 6  
7 4- 2 2 9 5  

9-10688 
1 6- 7 2 3 7  

Zn/Cd 
A t omic 
Ra t io 

1 6 6  
2 2 3  
2 02 

2 5 3  
204 
1 6 !1  
1 9 3  

1 8 3  
1 6 5  
188 
1 8 2  

2 1 3  
1 7 7  
1 8 1  
1 8 7  

1 6 2  
2 4 9  
2 0 6  

2 1 7  
1 8 0  
2 0 2  
1 9 2  

+:
'° 
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Samp l e  

Bench 

Channe l 

Compo s i t e  
F a c e  
Channel 

Compo s i t e  
Fa c e  
Grid 

Comp o s i t e  
Au ger 

A l l  

- ..__ 

:-lo . 
o f  

Coal Samp l es 

2 1 
5 3 
6 8 

A l l  1 2  

2 1 
5 5 
6 5 

Al l 1 1  

2 1 
5 2 
6 8 

A l l  l l  

2 3 
5 5 
6 6 

A l l  1 4  

2 0 
5 3 
6 4 

A l l  7 

2 6 
5 1 8  
6 3 L  

All 55 

.....___ '--

Tab le 10 . Summary o f  Cadmium Data 

Ar i t h .  
�lean 

< 0 . 2 
8 . 6  
5 . 6  
5 . 9  

1 0 . 4 
4 .  7 
8 . 2  
6 , h 

8 . 7  
5 . 0  

1 3 .  3 
1 1 .  4 

4 . 4  
5 . 3  
7 .  3 
5 . 9  

4 . 5  
1 0 .  2 

7 .  7 

5 . 4  
5 .  5 
8 . 9  
7 . 4  

I ....,__ 

Geom. 
Mean 

6 . 5 
1 . 9  
2 . 2 

-
3 . 2  
4 . 2  
4 .  1 

-
4 . 4  
2 . 9  
3 . 5  

4 . 2  
4 . 2 
6 . 3  
5 . 0  

3 . 4  
3 . 3  
3 . 3  

3 . 3 
4 . 1  
3 . 3  
3 . 5  

' . � 

E s t imated 
Abundan c e  
S i c h e l ' s  t 

-
-

6 . 2 

-
-
-

8 . 6  

-
-
-

1 3 . 3  

-
-
-

5 . 8  

-
-

9 . 6  

8 . 1  
5 . 6 

1 0 . 2 
8 . 1  

L-.. --

S td .  Geom. 9 0 :� Conf . 
D ev .  Dev . I n t erva l 

7 .  7 2 . 4 7 -
9 . 3  4 . 4 2 -
8 . 5 4 .  7 2  1 .  5- 1 0 .  3 

- - -
3 .  3 3 .  1 3  -
7 . 8  4 . 7 4 -
5 .  7 '3 .  5 5  3 .  7- 9 . 9  

- - -
- - -

2 2 .  q 7 . 3 8 -
1 9 . 5  5 . 5 9 1 . 2- 1 4 . 5  

1 .  8 1 .  5 0  -
3 . 9  2 . 08 -
4 . 5  1 .  7 8  -
3 . 8  1 .  8 3  4 . 1 - 7 . 8  

3 . 4  2 .  7 6  -
1 1 .  8 7 . 8 5 -

9 . 1  4 . 8 1  1 . 2- 14 . 5  

3 . 8  4 . 2 9 2 . !'. - 8 . 4  
4 . 2 2 . 3 6 3 .  8- 7 .  2 

1 3 . 3 4 . 7 4 4 . 9- 1 3 . fl 
10 .  4 3 . 8 0 4 . 6- 1 0 . 2  

----..i ·-- --

Zn/Cd 
Obs erved Expec t ed A tomic 

Ra nge 9 5? Range Ra t io 

2 . 7 - 1 7 . 4  l . 1- 3 9 . 7  1 6 6 
< 0 . 5 - 2 7 . 3  0 . 1- 3 7 . 1  2 2 3  
< 0 . 2 - 2 7 . 3  0 . 1- 4 9 . 3 2 0 2  

- - L'. 5 2-
0 . 5- 8 . 1 n .  3 - 3 1 . 4  2 04 

< 0 . 4- 1 7 . 0  0 . 2- 9 4 . 4  1 64 
< 0 . L>- 1 7 . 0  0 . 3 - 5 1 . 7 1 9 3  

- - 1 8 3  
2 . 7 - 7 . 2  -- 1 6 5  

< 0 . 2- 6 5 . 0  0 . 1 - 1 5 7 . 9  188 
< 0 . 2- 6 5 . 0  () . 1- 1 09 . 4  1 8 2  

2 . 8- 6 . 3  1 . 9- 9 . 5  2 1 3  
1 . 8- 1 1 .  7 1 .  0- 1 8 . 2  1 7 7  
3 . 2 - 1 5 . li  2 . 0- 2 () . 0  1 8 1  

1 .  8- 1 5 .  6 1 .  5- 1 6 .  7 1 8 7  

1 . 1- 7 . 8  0 . 4- 2 5 . 9  1 6 2  
< 0 . 4- 2 4 . 7  0 . 1 - 2 03 . 4  2 4 9  
< O .  4- 2 4 .  7 0 . 1- 7 6 . 3  2 0 6  

< 0 . 2- 1 0 . 4  0 . 2- 60 . 7  2 1 7  
o .  5- 1 7 .  4 0 . 7 - 2 2 . 8  1 8 0  

< 0 . 2- 65 . 0  0 . 1 - 7 4 . 1  2 0 2  
< 0 . 2 - 6 5 . 0  0 . 2- 5 0 . 5 1 9 2  
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Table 1 1 .  Z inc and Cadmium 
Concentrations in Shales o f  Selec ted Coals 

S amp le Z inc Cadmi um 
number Coal ( µ g/  g )  ( µg / g) 

C- 1 8 982 6 32 <2 . 8  
C-1 9060 2 7 9  < 3 . 1 
C- 1 909 3 6 9 1  <2 . 5  
C- 1 9 09 4  6 42 < 2 . 1  
C- 1 9 2 1 1  6 7 1  < 2 . 2  
C- 1 9 246  6 3 1  <2 . 0  
C- 1 9 24 8  6 59 <2 . 1 

Table 1 2 .  Z inc and Cadmium 
Concentrations in Underc lays Below Selected Coals 

S amp le Z inc Cadmium 
numb er Coal ( µ g/g )  ( µg/g )  

C- 1 8 989 6 34  < 2 . 7  
C- 1 9 057  2 84 <4 . 8  
C- 1 9 06 1 2 6 7  < 2 . 8  
C- 1 9 092 6 7 1  <2 . 4 
C- 1 9 1 0 3  6 4 3  < 2 .  1 
C- 1 9 2 1 8  6 4 0  < 2 . 3  
C- 1 9 2 25  6 3 0  < 2 . 2  
C- 1 9 2 3 2  5 2 4  <2 . 2  
C- 1 9 240  6 1 5  < 2 . 0  
C- 1 9 245 6 34  <2 . 2  
C- 1 9 2 54 6 4 0  < 2 .  1 



Table 1 3 .  Z inc and Cadmium 
Concentrat ions in Mat erials Associated with 

Sample Z inc 
number Coal ( µ g / g) 

C - 1 9 07 3 parting 6 30 
C- 1 9 074 par ting 6 4 1  

C - 1 9 0 7 8  clay dike 5 8 0  
C-1 9056  clay dike 2 7 5  

C- 1 9 0 54 shale 2 264 
C- 1 9055  shale 2 1 1 8  

Tab le 1 4 .  Zinc and Cadmium 
Concentrations in Mine Refuse 

S ample S amp l e  Ash Z inc 
numb er Typ e �� ( µg/g )  

C- 1 9 260 Sl urry 8 2 . 67 6 5 3 0  
C- 1 9402 Gob 8 1 . 0 5  4 38 0  
C- 1 9403 Gob 8 6 . 8 2 6440 
C- 1 9 4 2 9  Gob 7 6 . 5 2 2 29 0  
C- 1 9 5 2 0  S lurry 8 1 . 98  3200  
C- 1 9 5 2 1  S lurry 7 9 . 04 4 1 1 0  
C- 1 9 528 S lurry 7 9 . 4 5  1 7 500 
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S elected Coals 

Cadmium 
( µg /  g )  

< l .  5 
< l . 4 

< l . 2 
<4 . 8  

< 4 . 8  
<4 . 8  

Cadmium 
( µg/  g)  

7 0 . 8  
2 . 3  
7 . 0  

2 1 . 2 
37 . 9  
48 . 0  

1 9 1  
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Fig . 1 3 .  a -S lurry p ond and slurry d ischarge 
pipe . b - Surface o f  s lurry dep o s i t  with p en 
p o inting to spha l er i t e  fragment . Numerous 
fragments conta ining sphaler i t e  in f ield of 
view .  

5 3  
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CLEAT ORIENTATION 

A program of measur ing coal c leat d irec t ions was und ertaken . 

This invest igat ion was based on t he assump t ion that cleat or ientat ion was 

a func t ion o f  regional stresses , a s  has been suggested by a number o f  

s tudies in the Appalachian coal f ields (Nickelsen and Hough , 1967 ; McCulloch 

e t  al . , 1 9 7 6 ) . Consequently,  little note was mad e  of the distribut ion and 

orientat ion o f  cleats in relation to local anomalies or different levels 

of the coal seam .  About 1000 cleats were measured using photogrammetric 

techniques (Brandow et al . , 1 9 7 5 )  and over 600 were measured by hand using 

a Brunton compass . The photogrammetric measurement s  wer e  made at  8 differ-

ent locations , f ive in the Herrin (No . 6 )  Coal and three in the Springf ield 

(No . 5) Coa l .  The number o f  c leat s  measured at  each locat ion ranged from 

63  to 2 3 9 .  A total o f  4 08 measur ements  were .collec ted f rom the Springf ield 

Coal and 587  measurement s  f rom the Herrin Coal . The hand mea surement s  were �J 
collec t ed a t  scattered locat ions over the period of the entire s tudy . 

Thes e  consisted of 1 0 2  measurement s  from the Colchester Coal , 1 5 4  measure-

ment s  f rom the Springf ield Coa l ,  and 3 6 2  measurement s  f rom the Herrin Coa l .  

Conflic t ing r esul ts were obtained from the two methods o f  c leat 

measurement . Data from hand-measured c leat s  ind icated conj ugate sets o f  

c lea ts trend ing N3 0°E to N40°E and N5 0°w to N60°w in all three c oal s .  The 

phot ogrammetric measurements  d id no t show a cons istent trend between loca-

t ions and , in some cases , showed no s ignif icant trend at  all . This d is-

crepancy is prob ab ly caused by t he b iases inherent in the hand measurements  

and the to tal lack of  discretion in the  photogrammetric t echniqu e . Hand 

measurements were made only on large , wel l  developed cleats , whereas pho to-

grammetric measurement s  were mad e on all p lane surfaces regard less o f  siz e ,  

developmen t ,  o r  acce s s ib ility . 
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Although fur ther inves t igat ion is necessary , it app ear s that 

cleat orientat ion is no t so lely a func t ion of r egional stres s .  The trend 

observed by hand measurements ,  which probably repr esent s the orientation 

of the mos t  prominent cleats , may be due to r egional stress . The o ther 

trends shown by the c ompo site o f  large and small c leat s  at  a par t icular 

location may he due to dewatering or local struc tural anomalies . 

VERTICAL MAGNETIC INTENSITY SURVEY 

A ground magnetic survey of Knox , Fulton , S tark , and P eoria 

Count ies , Illinois , was made to identify the existence o f  d eep s truc tures 

or intrus ive bodies which could have contr ibuted f luids or heat to the . min

eralization of sphalerite in coal . 

The ins trument used in the survey was a S c intrex MF 2-1 0 0  ver t i

cal component fluxgat e  magnetomet er accurate to ±1 gamma . S ta t ions were 

o ccup ied at 2-mile int ervals exc ep t where r egular spacing would have made 

the s tation inacce s s ible or too close to man-made s truc tures . F ield ob ser

vations were correc t ed for d iurnal var iations in the magnetic f ield by 

r eoccupying specif ied stat ions at r egular int ervals throughou t  the f ield 

day . Lat i tude correc t ions wer e  made by sub trac t ing 9 gammas p er mile in 

the d irec t ion of the average magnet ic dec l ina t ion in the s tudy area , which 

was 2 . 5°E 197 5 (Fabiano , 1 9 7 5 ) . 

The map o f  residual v er t ical magnetic int ensity theoret ically 

includ es anomalies whose sourc es are lateral magnetic susc ep t ib il ity con

trasts in the rocks of the upper c rust from the earth ' s  surface down to 

the Curie Point Geotherm . The station spac ing used in this survey was 

chosen to el imina t e  small local ized anomalies so th.at the r esulting map 

would show regional magnetic anomalies ( f ig .  14) . 

Ana lyses of these larger anomalies using s imp le geometrical 

anomalous ma s s  models of appropriate magnet ic suscep t ib ilities (Heilard , 
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5 7  

1940)  indicate tha t the sources o f  these anomalies are lithologic changes 

in the basement rocks wel l  b elow the basement sur fac e .  I n  the surveyed 

area , the approximate elevat ion of the basement surface is 4 , 000 f eet 

below mean sea level . There is no evidenc e that any large intrusive body 

extends upward to or b eyond the ba sement surfac e .  

OCCURRENCES OF Z INC IN SEDIMENTARY 
ROCKS AND SURFACE WATERS 

Occurrences of sphaler ite f illing cavities and j o ints in rocks 

of Mississipp ian and P ennsylvanian age in west ern I llinois have b een 

reported (Harvey , 1 9 6 4 ) . A b r ief f ield investigat ion wa s conduc ted o f  

lower Pennsylvanian rocks in McDonough County , which i s  adj ac ent to and 

wes t  of the four county area o f  this study . Sphal er ite wa s f ound in sev-

eral localit ies as cavity and vein f illings in s iderite concretions . 

These concret ions wer e abundant in a silty,  gray shale est imat ed to b e  

within 5 0  feet s trat igraphically o f  the base of  the Pennsylvan ian . The 

sphalerite in the concret ions was observed in pol ished sec t ions to b e  

yellow wi th purple pa tches . 

A core obtained f rom Fulton County p enetrated rocks o f  Pennsyl-

vanian to Ordovic ian age . Samples were taken of  each litho lo gic unit and 

analyzed for z inc . The results are shown in f igure 15 . The results ind i-

cate that rocks of  Pennsylvanian , Mis sissip p ian , and late Devonian age 

have a base level z inc content ranging from 7 0  to 150  µg/g wherea s tho se 

of middle Devonian age or older have a base z inc content ranging from 2 6 0  

to 310 µg/ g .  Z inc appears t o  b e  conc entrated in rocks immed ia tely above 

and below the base of the Pennsylvan ian . Of the four coal samples in 

this core, two have a very low z inc content ( < 2 0  µg/g) , one ha s a very 

high content (480  µg/ g ) , and ano ther has a z inc content wi thin base-level 

range for the Pennsylvanian rocks ( 8 3  µg/ g) . 
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Stream sediment and surface waters have b een analyzed for z inc 

and cadmium by the Illinois State Geological Survey staff and other workers .  

Na tural waters in I ll ino is c ontain from about 3 0  to 60 µg/g Zn and less than 

. 2  µg/ g  Cd . In industrial areas where p ollut ion is suspected , z inc content 

in surface wa ter has been found to be approx imat ely 400 µg/ g .  I n  thes e 

indus trial area s ,  the stream sediment contains from 200 to 700 µg/g Zn . In 

nonindus trial areas , the stream sediment contains from 20 to 4 0  µg/ g  Zn.  

The maximum ob served z inc content in wa t ers o f  the study area from slurry 

p ipes , overflow ,  and plant effluents is  6 µg / g .  I n  southern I ll inois , where 

little z inc has b een r eported from the coal , analys es o f  wa ter from refuse 

runo f f  showed 8 0  µg/ g  Zn and 0 . 6 µg/ g Cd , and analyses of water from shal

low wells in slurry depo sits showed 123 µg/ g Zn and 3 . 0  µg/g Cd . 

CONCLUSIONS 

1 .  Sphalerite occur s in coal as ep igenetic mineral f illings in fractures , 

cleats , cavit ies , faults , and clay d ikes . 

2 .  The sphaler ite is mult ibanded . Bands are color d i s t inct and composi

t ionally distinc t .  S equences o f  band s are r ecognizable in the four coals 

inves t iga t e d , the Colches ter (No . 2) , Springf ield (No . 5 ) , Herrin (No . 6 ) , 

and Danville (No . 7 )  Coa l s . 

3 .  Sphalerite vein fillings exhib it symmetrical and asymmetr ical crus t i f i

cat ion controlled by cleat or fracture dilation and coal microlitho types . 

4 .  Growth o f  sphalerite crystal aggregates nucleated around coal par t icles 

and cont inued outward . The color banding in crystal aggregat es is concen

tric to the coal- sphaler ite int erfac e .  These aggregates are found in the 

clay-rich ma trices . 

5 .  The arithmet ic frequency d istribu tions o f  z inc and cadmium data exhib it 

b imodal tendencies . The se d istribut ions also have a positive skewness . 

6 .  The z inc and cadmium data clos ely approximate lognormal d istribut ions . 
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7 .  Frequency plot ted on probab il ity paper for the z inc and cadmium data 

distinguishes two l ine segments of d if f ering slopes . These l ine segments 

repr esent two possible  populat ions from which the samples were collected 

and are in agreement with the mod e  d ivisions o f  the arithmetic frequency 

distributions . The two separate populat ions are id entif ied as the higher 

z inc , d isturbed portions of coal b ed s ,  and t he lower z inc , und is turbed 

port ions o f  coal beds . 

8 .  No signif ican t  d if ferences exist in the concentra t ion o f  z inc and cad

mium in the Colchest er (No . 2 ) , Springf ield (No . 5) , Herrin (No . 6) , and 

Danville (No . 7 )  Coals in the study area . 

9 .  A test o f  t he dif ferent coal sampling methods based on statist ical 

signif icance tests shows that the results o f  these methods could b e  con

s ider ed s imilar due to the large standard d ev ia t ions in the data . 

1 0 .  The composite face gr id sample is  one of two r ecommended methods o f  

assaying coal f or z inc and cadmium b ecaus e  i t  has t h e  closest agr eement 

between its  ar ithmetic mean and S ichel ' s  t abundance estimat e ,  covers d i s

turbed and undisturb ed portions o f  coal b ed s ,  and requires f ew analyses . 

11 . The c omposite auger sample is  also r ec ommended for assaying coal for 

z inc and cadmium because i t  is  a composite sample r equiring f ew analyses , 

can cover disturbed and und isturbed por t ions o f  the coal b ed ,  and has the 

lowest  potentia l  for samp l ing b ias . 

1 2 . The values for the c oncentrat ion o f  z inc and cadmium in the coals 

sampled are S ichel ' s  t statistic . These values are 1026  µg/g for z inc 

and 8 . 1  µg/g for cadmium. 

13 . Z inc and cadmium r esources in the coals o f  Fu lton , Knox , Peor ia , and 

S tark Counties can be estimat ed to be 7 mil l ion tons z inc and 6 0 , 000 tons 

cadmium . 
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Append ix 1 .  Location of Samples l 

Samp le Coal Sample Mine Name and - 1  No . Bed type County Locat ion Company 

C-19S23  sa CA Ful ton SE SE NW S ec . 6 Buckheart Mine - 1  T .  SN . , R .  SE  Freeman United Coal Co . 
C- 19S24 s CA Fulton S E  NW NW Sec . 13 Norri s  Mine 

T .  7N . , R .  3 E  Conso lidat ion Coal Co . 
C-1 9 S 2 S  6b CA Peoria NE NE SE Sec . 2 0  Elm Mine l T .  9N . ,  R .  6E . Midland Coal Co . 
C-1 9 S 2 6  6 CA Knox NE SW SW S ec . 12 Mecca Mine 

T .  12N . , R .  3E . Midland Coal Co . j C- 146SO 2c CFC Ful ton T .  4N . , R.  1E Buckhear t Mine 
Fr eeman United Coal Co . 

C-14 7 7 4  s CFC Fulton T .  SN . ,  R .  S E  Buckhear t Mine l Freeman United Coal Co . 
C-1S079 6 CFC Peor ia T .  9N . ,  R .  6E . Elm Mine 

Midland Coal Co . - J C-1Sll7 6 CFC P eo r ia T .  9N . ,  R .  6E . Elm Mine 
Midland Coal Co . 

C-1512S 6 CFC Fulton T .  13N . , R .  3E . Norr is Mine J Consolidat ion Coal Co . 
C- 1S8 7 2  6 CFC Fulton T .  1 3N . , R .  6E . Allendale Mine 

Midland Coal Co . ] C-16264  s CFC Fulton T .  7N. , R .  3E . Norris Mine 
Consolidat ion Coal Co . 

C-1 6 2 6 S  6 CFC Fulton T .  7N . , R .  3 E  Norr is Mine J Consolidat ion Coal Co . 
C-16317 6 CFC Peoria T .  9N . , R .  6E . Elm Min e  

Midland Coal Co . J C- 16S43 6 CFC Knox T .  12N. , R .  3E . Mecco Mine 
Midland Coal Co . 

C- 16741 6 CFC Fulton T .  1 2N . , R .  3E Norris Mine J Conso l idat ion Coal Co . 

C-18 9 7 9  6 Gd P eoria NW SE NE S ec .  28  Elm Mine 
T .  9N . , R .  SE . Midland Coal Co . J C-18980 6 Gd Peoria NE SE NE S ec . 28 Elm Mine 
T .  9N . ,  R .  SE . Midland Coal Co . 

C- 18981 6 Gd Peoria NW SW NE S ec . 28 Elm Mine J T .  9N . , R .  SE . Midland Coal Co . 
C- 18982 6 RKl P eoria NW SW NE Sec . 28 Elm Mine 

T .  9N . , R .  SE.  Midland Coal Co . J C-18983 6 Bl Peoria NW SW NE Sec . 28 Elm Mine 
T .  9N . , R .  SE . Midland Coal Co . 

aRef ers to Springfield (No . 5 )  Coal J bRef ers to  Herrin (No . 6 )  Coa l 
CRef ers to Colches ter (No . 2 )  Coal 

. J  
J 
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I C - 1 8984 6 B 2  Peoria NW SW NE Sec . 28 Elm Mine 
T .  9N . ,  R .  SE . Mid land Coal Co . 

C-18995  6 B 3  Peoria NW SW NE Sec . 28  Elm Mine 

J T .  9N . , R .  SE . Mid land Coal Co . 
C - 1 8986 6 B4 Peoria NW SW NE Sec . 28  Elm Mine 

T .  9N . , R .  SE . Midland Coal Co . 

1 C - 1 8987 6 BS Peoria NW SW NE Sec . 2 8  Elm Mine 
T .  9N . , R .  SE . Midland Coal C o . 

C - 1 8988 6 B6  Peoria NW SW NE Sec . 28  Elm Mine 
T .  9N . ,  R .  SE . Mid land Coal Co . 

] C- 1 8989 6 RK2 Peoria NW SW NE Sec . 28  Elm Mine 
T .  9N . ,  R .  SE . Midland Coal Co . 

l C - 1 9 0S4 2 RK Fulton SE !:'IE SW Sec . 1 5  Sunspot Mine 
T .  4N . ,  R .  l E . Amax Coal Co . 

C- 1 9 0SS 2 RK Fulton SE NE SW Sec . 1 5  Sunspot Mine 

1 T .  4N . , R .  l E .  Amax Coal Co . 
C- 1 90S6 2 RK Ful ton SE NE SW Sec . 1 5  Sunspot Mine 

T .  4N . , R .  lE . Amax Coal Co . 
C-1 90S7 2 RK2 Fulton SE NE SW Sec . l S  Sunspot Mine 

I T .  4N . , R .  l E .  Amax Coal Co . 

C- 1 9060 2 RKl Fulton NW NE SW Sec . lS  Sunspot Mine 

l T .  4N . , R .  l E .  Amax Coal Co . 
C- 1 9 0 6 1  2 RK2 Ful ton NW NE SW Sec . l S  Sunspot  Mine 

T .  4N . , R .  l E .  Amax Coal Co . 

l C-1 9062 2 B l  Ful ton NW NE SW Sec . l S  Sunspo t Mine 
T .  4N . , R .  l E .  Amax Coal Co . 

I 

C- 1 9063 2 B 2  Fulton NW NE SW Sec . l S  Sunspot Mine 
T .  4N . , R .  l E .  Amax Coal Co . 

] C - 1 9064 2 B3 Ful ton NW NE SW Sec . l S  Sunspot Mine 
T .  4N . , R . .  1 E .  Amax Coal C o .  

l C - 1 906S 2 B4 Fulton NW NE SW Sec . l S  Sunspot Mine 
T .  4N . , R .  l E .  Amax Coal Co . 

C- 1 9066 6 B l  Knox SW SE NW Sec . 1 2  Mecca Mine 

J T .  1 2N . , R .  3E . Midland Coal Co . 
C - 1 9067 6 B 2  Knox SW SE NW Sec . 1 2  Mecco Mine 

T .  1 2N . , R .  3E . Midland Coal Co . 
C - 1 9068 6 B 3  Knox SW SE NW Sec . 1 2  Mecca Mine 

J T .  1 2N . , R .  3 E .  Midland Coal Co . 
C-1 9069 6 B4P Knox SW SE NW Sec . 1 2  Mecco Mine 

T .  1 2N . , R .  3E . Mid land Coal Co . 

1 C- 1 9070 6 BS Knox SW SE NW Sec . 1 2  Mecco Mine 
T .  1 2 N . , R .  3 E .  Mid land Coal Co . 

J C- 1 907 1 6 B6 Knox SW SE NW Sec . 1 2  Mecco Mine 
T .  1 2N . , R .  3 E .  Midland Coal Co . 

C- 1 9072  6 Gd Knox SW NE NW Sec . 1 2  Mecca Mine 
T .  1 2 N . , R .  3E . Midland Coal Co . 

l C- 1 90 7 3  6 RKP Knox SW SE NW Sec . 1 2  Mecca Mine 
T .  1 2N . , R .  3E . Midland Coal Co . 

C - 1 9074 6 RKP Knox SW SE NW Sec . 1 2  Mecco Mine 

j T .  1 2 N . , R .  3E Midland Coa l Co . 
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C- 1 907S  2 B l  Fulton NE NE SW Sec . l S  Sunsp o t  Mine 1 
T .  4N . , R .  l E .  Amax Coal Co . 

C - 1 9076 2 B 2  Fulton NE NE SW Sec . l S  Sunsp o t  Mine ] T .  4N . ,  R .  lE . Amax Coal Co . 
C- 1 907 7 2 B 3  Fulton NE NE SW Sec . 1 5  Sunspot Mine 

T .  4N . , R .  l E .  Amax Coal Co . -1 C- 1 9078 5 RKC Fulton SW SE NW Sec . 6 Buckheart Mine 
T .  SN . , R .  4E . Freeman United Coal Co . 

C- 1 9 0 7 9  s B l  Fulton SW SE NW Sec . 6 Duck.heart Mine 
T .  SN . , R .  4 E .  Freeman United Coal Co . · 1 

C- 1 9 080 s B 2  Fulton SW SE NW S ec . 6 Buckhear t Mine 
T .  S N . , R .  4 E .  F reeman Uni ted Coal Co . 1 C- 1 908 1 s B 3  Fulton SW SE NW Sec . 6 Buckhear t Mine 
T .  S N . , R .  4 E .  Freeman United Coal Co . 

C-1 9082 5 B4 Fulton SW SE NW S ec . 6 Buckheart Mine J T .  SN . , R .  4 E .  Freeman Uni t ed Coal Co . 
C- 1 9 08 3  s BS Ful ton SW SE NW Sec . 6 Buckheart Mine 

T .  S N . , R .  4 E .  Freeman Uni ted Coal C o . 
C- 1 9 084 s B6 Fulton SW SE NW Sec . 6 Buckhear t Mine J T .  SN . , R .  4 E .  Freeman United Coal Co . 

C- 1 9 1 0S 6 B l  Peoria NE SW NW Sec . 28 Elm Mine ] T .  9N . ,  R .  S E .  Midland Coal Co . 
C - 1 9 08S 6 B 2  Peoria NE SW NW Sec . 28 Elm Mine 

T .  9N . , R .  SE . Midland Coal Co . 
C - 1 9086 6 B3 Peoria NE SW NW Sec . 28  Elm Mine J T .  9N . , R .  SE . Midland Coal Co . 
C- 1 9 08 7  6 B 4  Peoria NE SW NW Sec . 28 Elm Mine 

T .  9N . , R .  SE . Midland Coal Co . J C-1 9 088 6 BSP Peoria NE SW NW Sec . 28 Elm Mine 
T .  9N . , R .  SE . Midland Coal Co . 

C - 1 9089 6 B6  Peoria NE SW NW Sec . 28 Elm Mine J T .  9N . , R .  SE . Midland Coal Co . 
C-1 9090 6 B 7  Peoria NE SW NW Sec . 28  Elm Mine 

T .  9N . ,  R .  SE . Midland Coal Co . J C - 1 909 1 6 B8  Peoria NE SW NW Sec . 28 Elm Mine 
T .  9N . , R .  S E .  Midland Coal Co . 

C- 1 909 2  6 RK2 Peoria NE SW NW S ec .  28  Elm Mine 1 T .  9N . , R .  S E .  Midland Coal Co . 
C- 1 9093 6 RKl Peoria NE SW NW Sec . 2 8  Elm Mine 

T .  9N . , R .  S E .  Midland Coal Co . J C-1 9094 6 RKl Peoria SE SW NE Sec . 2 0  Elm Mine 
T .  9N. , R .  6E . Midland Coal Co . 

C-1 909S 6 B l  Peoria SE SW NE Sec . 20 Elm Mine J T .  9N . ,  R .  6E . Midland Coal Co . 
C- 1 9096 6 B2 Peoria SE SW NE Sec . 20 Elm Mine 

T .  9N . , R .  6E . Midland Coal Co . J C-1 9097 6 B 3  Peoria SE SW NE Sec . 2 0  Elm Mine 
T .  9N . , R .  6E . Midland Coal Co . 

C - 1 9098 6 B4 Peoria SE SW NE Sec . 20 Elm Mine 
T .  9N . ,  R .  6 E .  Midland Coal Co . J 
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C-19099 6 BS Peoria SE SW NE Sec . 20 Elm Mine 
T .  9N . , R.  6E . Midlcind Coal Co . 

C-1 9 100 6 B 6 P  Peoria SE SW NE Sec . 20 Elm Mine 
T .  9N . , R.  6E . Midland Coal Co . 

C- 1 9 1 0 1  6 B7 Peoria SE SW NE Sec . 20 Elm Mine 
T .  9N . , R .  6E . Mi dland Coal Co . 

C- 1 9 102 6 RB Pl�O ria SE SW NE Sec . 2 0  E l m  Mine 
T .  9N . ,  ]{ . 6E . M l d 1 and Con l Co . 

C- 1 9 103 6 RK2 P(� O  r i.a SE SW NE S e c . 2 0  E l m  M.i tW 
T .  9 N . , R .  6 F. .  Mi d l and Coal Co . 

C-1 9 104 6 RK Peoria SE SW NE Sec . 20 Elm Mine 
T .  9N . , R.  6E . Midland Coal Co . 

C- 1 9 2 1 0  6 . C  Stark SE NW NW Sec . 11 Allendale Mine 
T .  1 3N . , R .  6E . Midland Coal Co . 

C- 192 1 1  6 RKl Stark SE NW NW Sec . 11 Allendale Mine 
T .  1 3N . , R.  6E . Midland Coal Co . 

c- 1 9 2 1 2  6 B l  Stark SE NW NW Sec . 1 1  Allendale Mine 
T .  1 3N . , R.  6E . Midland Coal Co . 

C-192 1 3  6 B2 Stark SE NW NW Sec . 1 1  Allendale Mine 
T .  1 3N . , R.  6E . Midland Coal Co . 

C- 1 9 2 1 4  6 B3 Stark SE NW NW Sec .  1 1  Allendale Mine 
T .  1 3N . , R.  6E . Midland Coal Co . 

C-1 9 2 1 S  6 B4P S tark SE NW NW Sec . 11 Allendale Mine 
T .  1 3N . , R .  6E . Midland Coal Co . 

C-1 9 2 1 6  6 BS Stark SE NW NW Sec . 1 1  Allendale Mine 
T .  1 3N . , R.  6E . Midland Coal Co . 

C-1 9 2 1 7  6 B6 Stark SE  NW NW Sec . 1 1  Allendale Mine 
T .  1 3N . , R.  6E . Midland Coal Co . 

C- 1 9 2 1 8  6 RK2 Stark SE NW NW S ec . 1 1  Allendale 
T .  1 3N. , R .  6E .  Midland Coal Co . 

C- 1 9 2 1 9  s c Fulton SE SW NW Sec . 1 3  Norris Mine 
T .  7N . , R .  3E . Consolidation Coal Co . 

C- 1 9220 s B l  Fulton SE SW NW S ec .  1 3  Norris Mine 
T .  7 N . , R .  3E . Consolidation Coal Co . 

C-1 92 2 1 s B2 Fulton SE SW NW Sec . 1 3  Norris Mine 
T .  7N . , R .  3E . Consolidation Coal Co . 

J C-1 92 2 2  5 B3 Fulton SE SW NW Sec . 1 3  No rris Mine 
T .  7N. , R .  3E . Consolida tion Coal Co . 

C- 1 9 223 s B4 Fulton SE  S W  N'w Sec . 1 3  Norr is Mine 
T .  7N. , R .  3E . Consolidation Coal Co . 

} C-1 9224 5 BS Fulton SE SW NW Sec . 1 3  Norris Mine 
T .  7N. , R .  3 E .  Consolidati on Coal Co . 

J C- 1 922S  s RK2 Fulton SE SW NW Sec . 1 3  Norris Mine 
T .  7N. , R.  3E . Consol ida tion Coal Co . 

C-1 9226 5 c Fu 1 ton S E  S W  N W  S e c . n N o r r  Ls M i n (! 
T .  7 N . , f{ .  ·3 r·: . C o n s o l ! c l a t  f o n Coal Co . 

C-1 9 227 5 B l  Ful ton SW NE NE S e ('. . 1 3  Nor r i s M i n e  
T .  7 N . , H .  J E .  C o n s o l  f cb t.l o n  C o a l  Co . 

C- 1 9228 5 B2 Ful ton SW NE NE Sec . 1 3  No rris M i ne 

J T .  7N . , R.  3 E .  Consolidation Coal Co . 


