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GEOLOGIC S'fUPIES FOR MINE BACKFILLING PROJECTS, SOUTHWESTERN ILLINOIS 

First Quarterly Report 
for the Bureau of Mines, U.S. Department of the Interior 

Contract Number J0177076 
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INTRODUCTION 

On May 1, 1977, the Illinois State Geological Survey, acting for the 

Board of Trustees of the University of Illinois in cooper~tion with the Rureau 

of Mines of the U.S. Department of the Interior, began investigating the geology, 

hydrogeology, and engineering geology of three areas in southwestern Illinois 

in which surface subsidence above abandoned coal mines has caused property damage 

(fig. 1). These areas were selected by the Bureau as possible sites for 

demonstration projects in stabilizing the land surface by pneumatic injection of 

material into abandoned underground coal mines. Two sites, Canterbury Manor 

and the 70th Street area, are in Belleville in St. Clair County {fig. 2). A 

third project area is in Maryville in Madison County (fig. 3). This report 

complies with a contract agreement to supply the Bureau with a quarterly report 

summarizing the progress of work and represents a major portion of the final 

contract obligation. Most of the field work for the study has been completed; 

future reports will deal primarily with the laboratory and monitoring program. 

Belleville and Maryville were selected by the Bureau because of the 

interest of resident.a, the history of surf ace subsidence problems, and the 

avatlability of material for backfill. Residents have assisted in preliminary 

investiga~ions by monitoring cracks, photographing damage, reporting .water and 

gas leaks, and graciously allowing borings to be made and instru~ts to be 

installed on their property. Participation by residents in discu.qsions of 

property damage has provided an understanding of the scope of the ·surface 

subsidence problem in the project areas. ' ': 
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' Figure 1. file Cant•rbury Manor, 10th Street, and Maryville project areas 
and the Koenig and St . Ellen Refuse Banks 
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F1gu.1re 2.. Proposed backfill a~as in Belleville, Illinois 
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Figure 3. Proposed backfill area in Maryville, Illinois 

• 



- 5 -

Mine subsidence has been blamed for structural damage since coal mining 

began in the re.glott. _County reports by Quade for the Federal Land Barut of 

St. Louts ta 1934 included mapping of areas of subsidence. B.eports of damage to 

schools~ pa,:a. faclti~ies, churcties--; -commercial bllilctibP. actd re.-ideaces bave -
. 

continued to dis~urb ffle1llbers of the ~~tty. Steven D. Babcock of Sout~em 

Illinois U.i\lerslty, Mwai-daville (1971), has deacrib~ SQJlle well-doclJDlei\ted 

oecu-rrences. Mdltionat probl•m areas ~~e documented in the letter aml aewspape~ 

files of Thomas o. Glover, Liaison Officer of the Bureau of Mines (1976), and 

in the Research Report aad Recommeadatiotu~ for the House Executive SubcGlDUlittee 

on Mine ·Subsl,-ee (1916). The IlU.noi& State Geological Survey baa ewaml.n~cl 

the problem for some titile; Cooperative Coal Mirting Series Bulletin 17, Surfa~! 

Sub~!d99ce in 111!:J!!is, was published in 1916. In recent years, efforts have 

been directed toward cooperating with Southwestern Illinois Metropolitan and 

Regional Planning Commission (SWIMPC) to offer residents of the region information 

on geological constraints for some land us~s. The mined-out coal areas and areas 

of unstable EJ01ls, which may present aignifieant constraints for some types of 

land ~se. aw• e•amined in the following reports: Jacobs, 1971; $WDIPC. 1975-76, 

and .Deve1oJnneUt Policies ia Background Data, 1977. 
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GEOLOGY 

· t:cologic infonnation for the Cant:erbu-ry Manor, 10th Streei. ~ 

Maryville preject areae is derived principally f~om recent on-site investigations 

con<iucted -1,y- tlie Bureau o-f Mines -and the llUnoia--StllO:e &el.ogl"cai---s-urvey. ·nat1 -

Bureau· of• Mines · has eoaipletfld a preliminary tes.t drilling progi-am la which t}li-e~ 

diamQJtd tltlll cotes wete tak~ from each of t ·he three pt'~j.e.ct areas (f ip. 4; 5, 

and 6). iach l>ori•g penetrated to below the depth of th~ Herrin (No. 6) Ceal 

or to .be14W the depth of th• void where the coal hed been ~tned. Continuous 

core$ o~ bedr~k ma~erials from eaeh boring were loJged in the field by Survey 

persona~!. Logs iDcluded deecription of lithologtes; notation of fracture 

frequency and color; and, beginning with the Maryville core, Kock Quality 

Designa~ion (RQD). Selected segments of core were wrapp~d for laboratofy deter­

mination of natural fflOiature content. At the Survey. each core was oescrlbed 

in detail, aacl measured for Shore hardness. 

The lkn·-eau•s prelimina.-y teat drilling program deten.ntned that beneath 

Cante1;buty Maµor anti Maryville a-re partially closed coal mine voids; howevei-. 

the voi4s encountered in tW<.> t>oriqs in tle 70th Street area of Belleville were 

fuily open. Ge.newal depth information from the But"eau' s co-re drilU.ng program 

is summarized in table 1. The table also includes the thicknesses of beclrock 

litho1ogtes meatJured above the eoal or mine void in each boring~ 

To in.ves-tiga-te the surficial geologic materials not sa111.pled in the 

hteau•s initial test borings, the llU.nois State Geo-logieal Survey has drilled 

a st:ratigr.phtc cootrol boring t.<> the depth of bedrock (40· tb tO fe~t [ 12 to 18 m]) 

both the Caater:bury )ianer anlt 70th Stre~t areas and two suc-h bor.-ings (appronmately-

90 feet (2.7 m) deep) in the MaryVill~ ·are.a, which is slightly la:tger than t he 

other two sites. ·the borings were sampled continuously with split-barrel ~lers, 

and selected samples were saved for labqratory determination of natura l moisture 
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figure 4. Canterbury Manor area. Locations of borings and 
instruments are indi·cated by symbols .. Shaded areas 
are mine pillars. 
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Table l. S-=ary of ckil.U,ng informat.i-011 from Bureau of Mines pt:elimtnary test boz-ing p-~o.gram. 

Pro-j-eet Acea 

Cntenur, Manor 10th $tt'eet-
Beil!!ille ._ ll.Unoi§ -!linWea l!lhois :I!!!·ml:h, lllt!J!fs !· 

·&•·I JMA•.2 •• -~3 .JHA--4 ,JMA➔ A-.6 U~~l ·.ttt:1·.-a 
· · ;J I .. ·1 t 

:1Ul•3· 

BQr1.ng 

.''J)epth' of 81.Jr·faee .. casing (ft.) 79.0 77.0 79.5 54.0 S4.0 39.0 111.0 11:2 .. -0 108.S 

Depth to top 
of coal or vold {f1!) lSl.O 146.6 149.7 176.5 177 .o 160.S 110,.25 :ua.1 2.21.0 

I 

T-hickne-ss /l\e4,gh't 6.S 2.0 7.35 7.0 ltl-.0 s.s 3.S ,1.3 ).0 
of coal .at vo:L4 (ft) void void coal voi-d -void coal void ~icl void : 

Total depth (tt) 163.0 169.S 161.0 199.0 195.0 170.S 2a5.S 139.5 238.8 .., .... 
&edrO<!k li-thdlogi-e9 "(It) 

Clays tone 23.5 19.6 22.2 18.8 13.2 14.l 22.7 30.7 21.0. 

Shale 10.9 10.3 15.1 40. 7 42.3 41 .• 3 54.4 57.4 67 .o 
' 

Sande tone o.o 0.0 0.6 32.0 35.2. 27.-0 o.o O.:Q o.o 
Siltstone ·1.3 s.o 2.7 0.8 18.9 6.8 12.4 -4.6 3.4 

Limestone 29.7 28.3 29.5 30.3 12.4 30 .. 8 lt).0 14.3 18.8 · 

Coal 0.2 0.2 0.2 0.1 0.2 0.2 -0.0 - .o.o o.o 
Total thic1uiess of rack eot:e 65.6 66.4 70.3 122.7 122.2 120.2 99.J 1,1.0 110 .. 2 
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conten-t and grain-size and clay-mineral composition. In the field, sainples 

~ere lui;g~d, standard penetration values w~re recorded, aad shear str-engchs 

were rnea~r.ed. Wbece possible, deep straUgraphic coatro1 holes were closely 

• 
continuu~s sampling record f~Olft ground surface to below mitle deptp. The Survey 

drill~ 14 additional borings 38 to 40 f~t (9 to 12 a) deep to detetrmitle 

continuity of near-surface uni~s in the three project areas. 

Ttii ~IBURY MMOR AND 70tb S'tBBEt PROJECT AREAS 

Str•&igraphy of the Su~ficial Materials 

The terin au,ficial ~aterials,as used here, refers to the loose or 

partially coneo1tdated Tertia~y and Quaternary deposits that ove~lie consolidated 

bedrock~ la the Ca•terbury Manor and 70th Street areas, these su~fictal 

materials are of four types: (1) gt.cial till (unsorted ice-d.eposited sediment), 

(2) loe" (wind-deposited silt); (3) alluvium (stream-deposited silt and silty 

clay), and (4) re$lduwn (clayey UJate~ial , pro4uced by weathering of beti~ock). 

These materials were deposited intermittently during the Tertiary and {l\latemary 

Periods of' geologic time, pfohably duriq the past one and a balf to two million 

years. Whe'1 oo additional materials wete being deposited. materials exposed at 

ground etirfaee were pbyaically and chemically altered by weatb~ri.ag processes. 

The resulting veatberetf ao~ (pa1eosol$) have phy9ical properties which may 

.fhe total thicbesa of su~fica1 mateTials iu Canterbury Manot is 

ehout 60 feet (18 ~. ltl t~• ·10th Stt'eet area, a lllaXUlWll thi~n•ss of 40 f.eet 

(12. 3 tn.) was measuted. Tl\e sttatigtaphy of surf lcial materials in the two 

project areas, as detettnin" from Survey borings, is shown in figures 7 and 8. 

Tbe str tig.raphy of ~he at.Jrfici al materials at the two Belleville sites is 
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similar. fbe uppetmost tiU;it in bo:th areas ts the Peoria Loess, a lat~ Wisconsinan 

loess. 'fbe Peoria is composed predomtnanti.y o-f silt that was d•rtve4 froni ~he 

Missis~ippt Valley to the west and transported and deposited by the wittd. i.t is 

c<JinlnOnly yellow br<JWJl to U.g·ht gray brown P4 lacks a$y visible beddintf Ot' 
,; 

vertieal ·vari41tion in grail\ si~e. T,be average grain-site cotnposltion of the 

Peoria Loess at Canterbury Manor is 1 percent sand; 80 .pei-cent silt. aJ.td 1"9 per­

cent clay. The Peoria covers the uplands east of the Mississippi Valley and is 

almost continuou.e· across the two Bell,eville project sites. the Peoria 1s a.bout 

12 feet (J.6 Ill) thtck in Canterbury and 13 feet (3.9 m) thick in the 70th Street 

area. It 11MlY have been partially or c~pletely temoved i$l area$ of str~ erosion. 

The uppes- 3 to 6 feet (0.9 to 1.8 .m) of the Peoria contains t .. Modern 

Soil that baa been .produced by weathering since ce.ssation of loess depoeitioa. 

In most places at the two p~oject sites, the Modern Soil is partially h~ried by 

fill material or truncated by earth-moving operations performed during prepara­

tion of sites for home ~onatruction. Where undisturbed, the Modem Soil has a 

ligbt-coloted silty surface (A horizon) containing sev~ral pereeat org•nic matter 

and ranging in tbicl.uMss to about 15 inches (41 cm). The A horizon is underlain 

by a clay ... ric:h zo1.1e (I horizon.), vbi~h may extend to l f•et (1 m) below ground 

surface. Clay con.tents in the B boriaon may approach 30 perceq.,t. 

Bea.eath the Peoria t.oess is the Roxana Silt (figs, 7 a.a 8). The 

Ro11ana f.s an early Wiaconsie.an loess which is similar to the Peot'ia, fr:'»1l wbieb 

it is di~t•gutshe.4 prm,atil1 llY its coJ.or...;-r;eddisb brown .to reddish ar-ay b~own. 

Ii ie e011U1fQoly about ·the same thicbess as the Peoria Loess. In the Qanterbt,\ry 

' 
Maabr at-ee; th~ ~aita -~s an a'7efage gra~-stae compositio~ of 3 pe.te~il-t fl«ad, 

74 percent slit, and 23 percent clay. 

The Roxana Silt overlies the Glasford Formation, which is predominantly 

Illinoian glaeial ~tll but includes aecretionary sediments (the Berry Clay M~er), 
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which accumulated on the surface of the till during the Sangamonian lntel'glacial. 

The glacial till of the Glasford Formation in southwestern Illinois was d~llOsited 

by g!aclers that entered northeastern Illinois and traversed the state to a 

teiininu~· west of Belleville in' the St. L~uis area. This gla~ial -till c:.ontains 
.: 

an Un$orte◄ tnixture of 4ebris that w~s deposited as the glacial tee melted. The 

till contaia,.a an average of about 5 peTceat gravel (>2 ilml) and bas an a11erage 

$atrix texture of 23 per~ent sand, SJ percent silt, and 24 percent clay. 

Unweathered till is gray and oxidizes to yellow brown. 

A stro~gly weathered paleosol, the Sangamon Soil~ .~curs in the upper 

l to 6 feet (0.9 to 1.8 m) of che Glasford rorlll'ltion, which is lS to 20 feet 

(4~6 to 6,1 $) thick. The Sangamon is fo~ either in accretionary deposi~s 

(Berry Clay Member), which accumulated in depressional areaJ. oa the postglacial 

landsc•pe, or ia the upper part of the till. The Sangamon Soil in the Be~iy Clay 

is siltier and contains less gravel and sand than the paleosol developed ·in till. 

The average gTain~aiu composition of the Berry Clay Member i~ 7 percent sand, 

63 percent silt, alkl 30 percent clay. The Berry Clay contains a high percentage 

of expandable clay minerals. The dominant clay mi,.neral in the unweathered 

glacial till ia illite. 

Be~eath the Glasford Formation in the Cant~rbury Manor area is a 

thin (1.4 feet [.4 mJ) unweatbered ptoglac~al silt, the Petersburg Silt. The 

P~terJJbl'JrJ •as deposited early d.,a--ring the IlU.noi,in Stage a~c1 was subs~quently 

overridd .. lty tlle a4vaad.ng Illi-1oiail glaeter. lt cont~ios iacuatrtae (lake ... 

deposit~tl) stl..ts and PQS&ibly atllle . i<>esa. Though not encountered i\;l the test 

boring .P'l'~gram for -thi.$ Studt:. sand and gtavel outwasb sedi,ments SQllleU-.es 

occur in the posit.ion of the Petersbutg Silt. ' 

At Canterbury Manor, t he Petersburg Silt overlies 14.5 feet {4.4 m) 

of silty alluvial 4epos!ts correlat ed with the Nebraskan-age Enion Foraation. 
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-nw~w :-.t>tHDU!nts ~verage 3 percent sand, 64 percent silt• and 33 percent clay. 

Wtwn! t•neountercd, these <tlluvial sedimea.ts are stratified but contain no 

beds· o-f S'tod or grav~l. The Enion Fofmation is al>sent i~ th~ 70th Street area. 
• 
-Oen~ath the Enion Formation at Canterbury Manor aoa benea~h the 

taa~fol"d Formation at 10th Street is c1 thin (2.S feet [0.75 m)) residual soil 

dt•Vt."-lup.t..--d from the up~J' porti~n of the Pennsylvanian bedrock. The re&tduuta 

is a clayey (average t-eature-20 ~reent sand, 41 percent silt. 39 percent clay) 

product of intense preglactal weathering. The resid'Jum has a high illit• content. 

similar to the bedrock from whieh it was derived. 

Stratigraphy of the Bedrock Material 

Bedrock strata encountered in the test borings in the two Belleville 
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tk-n~ath the Trivoli Sandstone in the 70th Street area is a thick {35 feet, 

W.l> nt) nr.-y to dark gray, weU-bc!4ded, bard shale with nutne . ...-ous calcareo"s zones. 

ThrH sh,, te aa,pears to be the uppermost bedrock unit in the Canterbui-y Manor area, 

whc.~ri." it I$ -alit,ut 25 feet (7 .6 m) thick. 

The tldo a~ Branch Coal ilnine4iately ltnderlies the thick s~le unit 

.,Ad ranges in thieluless from .10 to • 22 feet (3 to 7 cm) • It is pree.ent ill all 

Ht~ borings tn the ~wo Belleville area sites and serves as a stratigraphic marker. 

8eheath the lock B.raneh Coal is a claystone and nodular lim~stone uait 

that ranges from 15 to 25 feet (4.6 to 7.6 an) thick. It is a vartegated to pay 

or greenish•aray, firm claystone with sonie light gray nodule~ llme$t9ae and olive­

gray shale beds. 

-t'he Piasa Limestone beneath the claystone unit is the basal member of 

the Modesto Formation and diiectly overlies the thin and discontinuous Danville 

(No. 7) Coal. the Piasa Limestone is fine grained, light gray, and hard and 

comonly contatas coa~se fossil debris, mainly brachiopods and crinoid&, 

leneath the Ptaaa L~stone, or beneath the Qanville (No. 7) Co.al 

· where it is pi-eaent • is a claystone and 6hal,.e unit that maintains a reletively 

constant tht.clmese of 6 to 8 fee.t (1.8 to 2.4 m) in the Belleville project •reas. 

Th~ unit eoneist• of vaYiegated and gray 80ft claystone and greeaisb-ar~t to 

gray, &oft .• poorly bedded, fossiliferous .shale. 

The Banks.ton Fork Limestone Member of the Carboadal~ Fo,rmatton under~ 

lie• the c1ayat.orie and smile utttt. The ~ton Fork is light gt.ay. · fitte &trained-, 

a.-giitaeeuue, silty't and thiek bedded and is :tnterbe4ae4 With thin shale and 

8ilts-- betls. The •~•n fork ia ~ruble in thickness i:il the Believi11e 

area sites and rSPtteS from l.2 feet (1 m) to 20 feet (6 m) thick. 

Benea _h the Bankston Fork Linlestone and above the Herrin (No. 6) Coal 

are vart.abl~ thie~ $~S of s ilt&tone, Conant Limestone , Brereton Linlestone, and 



- 19 -

Anua Slut h~. ·t~be Conunt Limestone was found in only one boring, JMA-3 in 

and sUty .md contains scattered large hrachiopod shells. The Brereton L.tmestoae 

is ·vurfable in thlcltnes$ and occurs in all tiul: one boring in the lell•vtlre 
. 

• trt•-1 sites. The lkeret~,n is a gray, filte---giained~ silty limesteae with dark 

Hh:a I y aon'-'f.J con~uintng abundant coarse eriaoitl and shell debris. In borings­

wlwr,· tim ttorrln (No. 6) C()al ~as penetrated, the Anna Shale is l to ~. 7 feet 

(. l to .8 m) thick mtd immediately overlies the coal. The Anna is a black, 

bnrd, fis.sUe shale with dark phosphatic lenses and fine pyritic and caleareous 

shell dehris. tn bos:-ings that penetrated the llline voicl, Anna Shale debris was 

usually encountered oa the floor of the mtne. 

The Herrin (No. 6) Coal was encountered in two of the six borings in 

the Belleville area sites. In boring JMA-6 (fig. 8), the Herrin (No. 6) Coal was 

5.5 feet (1.7 m) thick, arul in JMA-3 (fig. 1), 7.35 feet (2.2 m) tblck. 

Beneath the Herrin (No. 6) Coal or the mine void, variable thicknesses 

of claystoae (u'nde.-elay) and Higginsville Limes-tone were encountered, as shown 

in figures 7 and 8. The claystone is greenish gray, soft, mottled, aad poorly · 

becld.ed a~d, ts sometimes replaced in part by hard, silty» beclded &hale. The 

Higg!nsville Lluteetone is light gray, silty, and nodular to fairly pute, NSsive 

limestoQe. 

MARYVILLE PROJECT ARIA 

St~atig~aphy of the Sutficial MaterialJ 

The total ., t -h1,efmess of surf ititU ma~eri-1.s bl. the Hann,llle pJcqj~1 . 

area sometimes exceeds 90 feet (27.4 m) and is greater than the thickaessee in 

the Belleville pr~j~ct areas. Detailed knowledge of the surficial materials 
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•·ot11'-•s a,r incl1)ally from two deep stratigraphic borings by the llliaois State 

fo.!••lu~k,il SUCV.t-!J that offset Bureau of Mines diamon4 drtll holes 1ut~1 and llll•l 

(fig. 9). 

The uj1per part of the sectiOll at Maryville is siinilar - to the two 
. 

Ut~HevlOc p·roject areas. Both the Peori~ Loe$& an4 RoxaQa Silt are pre.,ient 

Jn th~ HaryvUl-e section and a:re somewhat thicker than in Belleville. 0a stable 

upland surfaces, the Peoria Loess appfoaehes a thiekness of 15 to 16 feet (4~6 

to 4.9 sn) and the l\ouna reaches thi-ekaesses of 14 to lS feet: (4.3 to 4.6 m) . 

Both loesses in Maryville have lithologiea like those 111 the Caaterbury Manor 

and 70th Street areaa. 

The Roxana Stlt overlies the Sangamon Soil developed in glacial till 

of the Clasford FoJ'Qlation. This till is tentatively correlated with the till 

presettt in the Bellevtlle area and has properties similar to that uatt. It is 

approxtmately 25 feet (7.6 m) _ thick, gray, and oxidizes to yellow brow. The 

Sangamon Soil in the top of the till is 3 to 6 feet (0.9 to 1.8 m) thick. clay­

rich. aad leached of · cubonate minerals. 

Bepeath the Glasford Formation is a second glacial till, which has a 

strongly develop" paleoeol in its upper part and is placed in the Kaosan•age 

Banner Foanatton. Till of the Banner Fo~tion ts t ·exturally and minetaloatcally 

stmUar to the vve,lying Glasford, .but contains numerous large inclusions of 

ma~erial that is not till. The Banner FanaU.oa may contain $eemi11$1Y inuci 

blocks of bedrock a, m\JCh as 1 to 2 feet (0.3 to 0.6 a) thick, and the lower 

portion of the honer cptataj.ns lai-ge iaeluslons of the underlying hion Potmati.oa. 

the Baimer. ,.Ttllatton • ~ not pt•eat ta the Belleville ~rea. • 

The Ent.on Forlll8ti~n at Maryville 1$ a thick (8 to 17 feet (2 .. 5 to 5.25 tu]) 

silt and silty clay th~t has a strongly developed red paleosoi in its upper pa~t. 
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Tht• J•:nion lllc•Y he luessial in p4tt. It is texturally and mineTalogically 

Hi1t1lJ.1r tu die Peoria and Roxana and ma, cohtatn evidence of a loess event 

,htr f.ng the Nebcaskan Stage • 

. 
Lilt~ h11tlt.~r part of the Pennsylvanian· bed,ock. The residuum is approxt-.tely 

l tu i r~et (O.J to 0~6 m) thick, very clayey, and contains aburul4nt iron-

tnllnttunese concretions, 

St~atlgraphy of the Bedrock Material 

Diatnond erill heles in the Maryville proje~t area penetrated 

approximately 130 feet (l-9.6 m) of Pennsylvanian bedrock above the tnine void 

and penetrated as aiueh as 20 feet (6.1 m) below the void. The PellQaylvaniaa 

9trata in Maryville are similar to those in the Belleville area. The uppe~ 75 

to 100 feet (23 to 30 m) of the section contains a thick sequence of ~hal•• 

claystoae, and siltstone units with a thin coal-probably the Rock Bral\dl 

Coal-approximately 60 feet (18.3 m) below the top of rOf;k. This thick, fil;le-

3ratned section overlies the Piasa Limesto,ne and is equivaleQ-t to &unilar 

mate~tale below the Trivoli Sandstone and above the Piasa in the 70th Street 

area and tq wstertals above the Piasa Litttestone in Cante~bury Manor. 

the Piasa Limestone ~aoges from 4.2 to 4.85 feet (1.J to 1.S m) 

thick aad is somewhat thinaer in ttaryvi11e than in the Belleville a.:ea. Beneath 

tbe Pi&S4 te a elayetone and s·b4le unit 8 to 10 feet (2.4 to 3 •> tbiek that 
' ' 

rests on a thin but conU.nuot.uJ Baak.swa Foi;k Limestone ... 

le1leath :ebe ·tankst·oa Fork -4 above the mine wid ai-e ~ claffJMJ~e amt 

· thf! a~eretoa Ltme_~. Together. they 1118inta:in a t:bickness of $pproxit,aately 

13 feet (4 m); the thickness of each unit varies. tn boring RII-1 (fig. 9), the 

cl aystone a._d U.mestone t hicknesses are 10.6 feet (3.2 m) and 3.2~ feet (1 m); 

r~spectiv~ly, but 11 ln ,borlng RII-), the thicknesses are 0.7 feet (0.2 tn) and 
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ik6neath tJ1e mine voids, the diamond drill borings encountered thin 

dl·br-lH zon~~ on the mine floor. These zones c()lltained cQal fra~ts ad 

:.1 poorly tucovei'ed section of clayst.one (underclay) similar tQ that penetrated -

• in u,~~ fk:Uevt Ue area. Because ao U•es-t,oae beneath the mine voids at Ma..-yvtllf! 

wat-a n.,.t~uvered. the umterclays in the Maryvill~ may be thicker than those in 

th-t! BellevUle area. 

HYDROGIOLOGY 

Procedures 
' . . 

Infer.nation about the hydrogeology of the three areas was obtainecl 

hy observation during test borings; by e~amination of samples from cores; and 

by measurement of water level by a series of pieaometers set at different 

dept.ha in eaeh area. Of the three test borings made to the depth of the coal 

seam. the borings that encountered voids provided infontation on water eonditions 

in the mtnes. Selected samples of the dialftOnd drill core were ,eal" in ple.stic 

bags to retl;tin their natural moisture. The samples wei-e ret~ed to the 

laboratoi-y, weighed. oven driect, and weighed again to determine -the mo:1etue 

cont.eat. 

P-iuotn.eters such as the one shown tn fipre 10 were installed by first 

boring to a p-redet•m.taed depth. Slots were then cut int~- lcJ.st foot of 1JNU­

diameter _plaetic pife (._- to 3/4-inch). and this end was plugged ()t capped. · 

Lengths •f pipe were joined together •t~l the slotted ea4 of th~ pipe 1:eshd 
' . 

on- ·the bo,tt~ of the t»ole. A. •Pl"--a~uEed Q'Jantity of pea gravtd or s•d wae 

used t •O backf 111 the hole in order to cover the slotted section of pipe. An 

equal quantity of dry bentonite was added to seal the pipe in the hole. Finally. 
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t tw hoh- wn:.. 1>.wkfillcd with clayey lllaterial to within a short dis-t$ll.ce c,.f the 

~ui,rf ;h•c.. ·rt.t• htstal lat.ion wu.s pr..->t~cted at the surface by enclQsiag the Sffl811 

lllt)t.' with a }tecond plus-Uc pipe and cap. A vent hole was drilled in the outer 

pTJ}\' tu i:,rcvcnt prest1ure from bui1d1o.g up as ttie water levels fluctuated~ To 
.. 

iut~asun• watl~r levels. a voltmeter. battery. and measuring cable were COAnected 

to indk;itt• cCJUtact a:t the level of the water. The accuracy of the piezmnete.­

fs about tJ ceRtimeter. The pieaometers were read frequent1y enough to show 

H-Om-;.(iiull -t.-lf f eets o~ water level. 

A pieaometer was iJlStalled below the mine using a s:tmilar t~hnique, 

except tiUlt the iue't' pla3tic pipe was grouted in position. Tbe gro.ut will be 

drilled out and the Nring extended to expose a fresh bedrock sequence. lf w•tel' 

doeH not dse in the pipe to measure the 5>ressure of the watel° in the "drock 

horizon, plans ate to install a packer (plug) and use a transducer to measure 

pressures. 

'Results 

Information from piezometers tutalled prior to the summer of 1917 will 

be integJatecl with new data. The locations o-f the piuomete,:s ai-e show oa each 

area me.p (figs~ 4, S, and 6). llesulte of this proar• aEe shown in figures 11. 

12~ and 13. These dua &Te bein& eotnpared to precipitation measurements horn 

the aearea-t offi~lal weather observatioa station. 

The ·g~olo&y of the three areas pr,esents natural constr"ints for construe"" 

Uon. The stren,&ths of ih.e mine roQfs and pilla'.t's in th.e thll'~e project areas 

determine4 the percentage of coal that could be safely mined from beneath the 

areas. Change.s $.n t hese strength relationships may cause roof fall, floor squeeze; 
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or J•i fJar col J.;apg~. With the mines now abandoned; sevetal pr.ocee;ses may affect 

Jt·or i•xmn1>h'.• .tn area nwy become stronger because of the filling of cracks by 
-

d1.•1n>-i,.;Hs, as occur$ iii natural caves. ol' an area may beeme leas stable bet-aute 

of dtt?auicol changes r~sulting ftem a :reaction of air or water with exposed rock. 

A fnHure in the mines may cause a sag at the EJurface oi- uy "briqe -" etobiU.ae 
' . 

in ,~ompetent material over the mines. The characteristics and extent of failed 

roc•k may be dh"ectly af fectC!d by geology of the beds over a mined•O\lt area. A 

rock sequence of relatively high strength, such as limestone, tends to hre4k ~t 

a hlgh angle toward the surface and affects small ateas, whereas low-strengttl 

mnteri~ls. such as claystone, tend to break at a low angle and affect a surface 

area that ts larger than the failure area of the mine. Knowledge of the 

sequence of ma~erials above the mtned-out area is th&refore esseQtial to an 

understandiag of subaidence patterns observed at the surface. 

The thick layer of wind-blown silt (Peoria Loess and Roxana Silt) 

covers the project areas. A unique characteristic o,f loess ts its ability to 

stand ift near-vertical slopes, even tbo~gh the silts within it have oply small 

amounts ~ clay or other binding fflaterial. Loes is p4ttie~larl:, stPtsiU.ve to 

chailg.es of water and weathertng. An increase in moisture content ref\tlts in• 

decrease in $tt'engt:h. Alteration ~i cuys caa result "1 a draJDaU.c change in 

phyaieal propertte• (W. A. White. 1968). Nearby steep valieye are pron♦ to sl,-.p 

if distur~. ·At a depth of a few feet. the loess uita. usually eahtbit v-.ry 

lo~ str-eQgths. 

. . 
rby,tcal Prop~rtief ~f Surftctal Hate~"le . 

The test boT~ngs described earlier in this report were also utilized 

to obtain i nformati~n. about physical properties. The results of tests on 

surficial materi als ate shown in tables 2, 3, and 4. 
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!fab1-e 2 .. ~sical properties of surficial mate·rials ft--om Survey test bo.rings in 
Canterbury Maw, Bellev.ille. Illinois 

ltoek- !f!lHu~t·oeoateat: (%la Shear s9:!!!atb ~ka/ce2
)b Standard· 2ene1u:atton ~b1f) 

strati,..-aphic 
. nc unit m,an range mean n range mean a r.aage 

Peoria Loess 25.3 20 15.2-31.7 1.1 18 0.5-►4.S 10 10 s-20 
Roxana Silt 23 .. 9 ZS 20.8-24.9 1.1 ll o.2sel!'2.2s 10 17 4-19 

Glasford Berry 
Clay M. 1-9. 7 9 16.0-22.4 1.9 9 l.0-3.25 13 6 10-16 

Formation Unnamed 
Till M. 16.4 19 13.6-23.4 1.7 19 0.25-2.80 24 13 ,-so 

Petersburg Silt 15.6 1 - >4.5 1 - 35 1 -
Enion Forma:tion 18.3 7 · 15.6-20.6 2.9 7 2.25-4.50 36 s 26-52 

residuum 13.8 i - >4.S 1 - 6·3 1 -
astandard moisture corttent (ASTM 1>2216-71) 
bstandard field vane $bear test (ASTM D2573-72) 
en is the nwnber of tot •resul't-s used to C011lpute the mean .. 

A;!eJye 1,rain s iz~ (%) 
sand 
i2mm-6ll.l 

0.9 

2.6 

7.4 

22.6 

! 0.5· 

2 .• 5 

19.7 

silt 
62•·2lJ 

80.0 

74.0 

62..9 

53.2 

84.0 

64.6 

41.6 

clay 
<2it 

19.1 

23.4 

29.7 

24.2 

15.5 

33.1 

38.7 

~ 
0 



.. 
Table S, .. .. Phy&i-cal. p~opert:1-es o.f surfieial mateT.ials from Survey ·test boi-ing$ in 

the 70th Street a-r.ea, Bellevill~, Illtaois 

Rock- Mols-ture content !%} a 
stra:tigraphi e 

unit mean C range a 

Peoria Loess 2J.6 s 23.8-27.0 

Roxana Silt 2:6-.1 8 22.5-28.3 

Glasford Berry 
Clay M. %4.4 2 24.2-24,.6 

Formation Unnamed 
Till M. 11.0 7 11.8-20.9 

residuum 18.3 3 16.9-19.8 

8 Standard moisture coatent (ASTM D2216-7l) 
bstandard field vane.. &hear .test. (ASTM 2573-7.2) 

2 b Shear strenath Qslc:m 2 
mea-n n range 

1.5 s l.l-2.75 

1.2 8 0.6-2.80 

2.0 2 l.SS-2.40 

2.1 7 0.25-4.40 

3.3 3 3.25-3.SO 

en is the number of . tes:t .-e·sul-ts ·used to· coqJute the mean 

ss!!!9rd ISJl!trati,Oil~ . (bJ!{l 

mean n range 

8 4 6-9 

6· s S..-7 

8 1 

9 4 S-17 

23 2 19..,.26 

Averae grain size o;) 
sand silt clay 
2aun-62l,J 62-2µ <2µ 

Data ·not available 

w,;., .... 
ll 
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1:aol,e 4 .. Pbys·.tcal pTopertles of surfictal maiterials f.roa Survey C:e&t. borings in 

Maryville, I11inoi8 

Rock.?- ~!!!! ·.cntea~ il}4 
J . -· , ' . f . - Shear· :stresttt (Jsglcm2)0 

stratt.g:rap.hlc -e· unit Qleap. Q, t:ange .mean 

Peoria Loess 25.3 39 18.1-31. 7 1.1 

Roxana Silt 23.t 4t) 16.6-30.5 0.6 

Glasford Formation 16 .• S 28 11.8-23.6 1.7 

Banner Fo~·ti.on 17 . ,4 2! 12.9-21.8 3.6 

Enion Formation 26.6 14 17.7-25.3 2.7 

residuum 28.2 3 18.S-21.9 2.9 

8 Standard moist·ure content {ASTM D2216•71) 
bstandard fiel_ti VS:tle Sb.ear test {ASTK J>2513-72) 

ll 

11 

15 

23 

20 

13 

2 

en is tb.e _numbar of tes.c result:s used to compute the mean. 

raage 

0.1-2.1 

0.1-1.2s 

0.8->4.5 

1.S->4.5 

1.4-3. 75 

2.S-3.2 

Staadad u.-tnS!!!· ,1g6 

mean t'l raa.ge 

8 1 4-15 

6 6 4-7 

13 9 5-25 

24 7 13-42 

24 4 11-52 

>100 1 

4¥eraea pate size ( ~~) 
sand silt clay 
"21am-621J 62~2lil <21J 

Data not available 

w 
N 
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tlu.- water content was determined by using standard techniques deac-r~ed 

hy t hl· Amur Jean Sue lety for Testing aad Materials (ASTM D2216-71). In sele~ted 

horlnw;. it r ieJ.d vane shear test was made \lhile the boring advanced. to 4et-etaiille 

·' . 
tt~gt· 2273-72. Compatison tests for strength were made on split""'ban·el samples 

usln~ n cailbruted field penetrometer. 

Beginning with the fi_eid logging ef core at Maryville. an i.adex of 

Htrength of bedrock cores i .e shQwn by the lk)ck Quality Designation (IQD) method. 

RQD is defined as the percentage of core recovered in unbroken lengths g.reat•r 

than 4 ind,es. The -~laseification is in. patt affected by the care of th~ 

operator. An estimate of the RQD of the. Canterbury co~es was made in the 

laboratory. A comparison was also made between field RQD and labor!itory IQl> to 

determine the effects of drying aad stress-relief cracking of the cote. An 

index of h4rdnese of the eore was determined by using a Shore-ha~dnees testing 

instrument. Tests ve~e perfotmed on each lithologic unit, as shown in table S, 

to determine an avei-age index of hardness as well as the index raQge. 

The core was examined to identify natural fractures. which are 

diffeTeatiated from co~ing-induced, handling. and stress~relief fractures hy 

fractography techniques. The aa·tural fractures and their angle of ciip ai:-e 

given in table S. 

Field Instruments t~ Mont~or Earth Moveaeat 

Movement of the gi:ou~d ~y ~esult from subsi4ence o~ from s-ettl-nt 

of unstabl~ seil tnaterials. These movetnents ~-r-e ~tremely 41~ficqlt to meast,1te; 
. ' 

the tim, aud p.laee of their occu1:rence ·are unpredict~ble. '°t}_l deep aact $hallaii1 

settlement probes (fig. 14) were instalied at locations shown on the maps fot 

each area (fifi$. 4, s~ and 6). The deep probes were constructed by drilling a 

hole tt> the depth of fin m.aterial and casing the hole with plasti.c pipe. All 

Jnn.er ga~vanized $teel pipe ~as driven or pushed 2 to 3 feet (.6 to .9 m) beyond 
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'l'otlblt.• ~- Summary of strength properties of bedrock cores. 

Ra§U,t'41 i:f!Cf;Ul'es Lal~ratory ShQr~ li$.r ~e&s 
Thic-kness Depth Artgle of dip RqD lacleg 

_Li t.h~lOiU' (ft} (ft) . , 0
, (%) flelt.<aes> . \ . 

Canh~-rbttfY Matttte 
.JMAO l . 

Shale- S-.-8 (7) 
Coul- Z6.l none <10· 17-U (11) 
Claystonc t-lO ($) 

l,hnestonu (l>iasa) S.2 107.0 60 >90 29--37 (34) 

ClayHtone 6.8 111.0 70 10, 6-9 (7) 
112.0 40 
115.0 30 

Limestone 
(Bankston Fork) 14.5 none >90 33-48 (41) 

Siltstone 0.8 none 10 8•12 (11) 

Limestone 7.6 133.0 80 >90 22 .. 33 (27) 
Limestone 

(Conant and 
Bren~ton) 4.S 144.0 60 60 17-24 (20) 

Mine void 6.5 

Clay stone 11.4 none <10 3-6 (4) 

Cant~rblll'Y Manor 
.JMA.112 

Shale- 7-9 (8) 
CQal- 23.4 none <10 
C'laystoae 5-28- (8) 

~ime$tone (Piasa) 7.9 none >90 i7-38 (32) · 

Cla7stoae 6,7 112.0 45 <10 3-10 (6) 

Lietestone 
(B.-atmton Powk) 26.8 none >90 1,~2a (21) 

-s11t~~one .. I\OU <10 7.,12 (7) 

Li-me&tone non.e >90 21-33 (27) 

Siltstone none 30 11-24 (16) 

(2 Voids of 6" eacp @ 141 ' and 142') 
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Table 5. Continued. 

Nat~ral Fractures Laboratory Shore Hardness 
Thickness Depth Anale o·f dip RQD IJWex 

Lhhologx . CtU {ft) {o! ill Ruge {inean} 

Ltmes~one 
(Brereton) 4.8 none 30 6-28 (19) 

Mine void 2.0 
I• 

Clayatone 6.S none <10 4-10 (6) 

LilllestQBe 
(Higginsville) 11.7 none >90 22-38 (30) 

Shale 2.7 none 30 11--21 (15) 

Canterb~y Manor .. , 
~ 

.JMA.113 

Shale 11.l none < 5 6-8 (7) 

Coal 0.2 none 10-22 (15) 

Claystone 16.2 none < 5 S-14 (8) 

Limestone (Piasa) 8.2 110.5 10 >90 25~40 (31) 
115.0 40 

Claystone 6.0 118.2 15 < 5 4-8 (7) 

Limestone 
(Bankstone Fodt) 16.4 90 27 .... 40 (32) 

Siltstcme 2.7 80 lS-31 (22) 

Lime.stone 
(Con$1t) 6.5 145.5 . 90 >90 20-3$ (29) 

Shale ·(Aana) 2.7 149 .0(.$1:ickensides) 50 17-24 (20) 

Coal . (Hen-ta No .. 6) 1.8 153.S .90 50 22-lS (21) 
156. O(S lickeosides) 

Clt;1,1s.tone..,. 3.5 158,0(Slickeneides) 20 
4-8 (9). 

litneiJtcne 8.-27 {17) 
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th~ bottom of the hole. The inner pipe is designed to sit just below the ground 

~rface ttri-d may be stabilized with soft 04.led washers; the pipe rides free in the 

casing and reacts to any change in vertical movement of the lowei- soil. A 
. . 

shallow ·probe,- i,s const:rueted ·wU:hin a few feet of the deep ~•be ~-e mt!UUh! 
. . 

differences ib elevations. Both borings are covered with a ··protective cap. 

These data would be much more rneaningful if they could be ~illed with a 

p~ecision suNey of u~erai monuments in each area. 

the precise amount, rate; direction, and depth of earth movement can 

be determ-tned from monitoring specially cased bore holes. th~ Survey bas 

purchased an i.lM:linometer to perfoJ1D this kind of measuremefll, Borings will be 

made at selected sites in each area to install special casings (fig. 15). At 

the time of each survey, a sensor will be lowered down the casing and the 

deflectio"n of the casing from earth movement will be measured. Computer programs 

have been written to process the raw data and graph the results. 

ANALYSIS OP MATERIAL FROM THE ST. ELLEN AND KOENIG REFUSE BANKS 

The U.S. Bureau of Mines selected two t"efuse banks as ·possible sources 

of backfill: ·the St .. Ellen refU8e bank in the N½ sec. 10, T. 2 N., B.. 8 W., 

approximately 8 miles northeast of Canterbury Manor, and tbe Koenig refuse hauk 

in the~ see. 10, T. 2 N., a. 8 w., approximately 10.5 llliles no~th-northeast 

of C$iterbury (fig. 1). The St. !lien refuse bank is being processed for 

second~ry coal recc;,rve.-, by the Minerals Management Corporation (MMC). t,IM~ has 

offered to 4llow the Bureau to use reworked wastes for its ba~kfill project. At 

the ~ig refuse bank,, IJO such coat l'ea.overy operati.Ol\S are being conducte~. and 

the refuse tUfiterial is , raw urine ·waste. 

Sample.a of the St. Ellen tefuse bank were collected from two types of 

reworked wastes. The first ~as waste removed in the initial stage of the coal 

recovery process. This waste was spread by earthmover in the area shown in 
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figure 16. It is from this bank that the samples in bags 2 and 3 were taken. 

The second type of waste material at St. Ellen consi$ts of a washed material 

from the fiQal state o.f the coal recovery process. These washed wastes are 

depo&U:ed ill slurry fonn in dle adjacent: settling c-anal (fig. 16). -file filltag 

of the can~l with sltJtry requires continued dredging by backhoe. The dredge 

tbaterial is placed in banks besfde the canal. Samples taken from these baalts 

were cembtnecl in bag· 1. 

The waste-material from the Koenig refuse bank was randomly sanipled. 

The sainples ~ere takea fro• 1 to 2 feet (.3 to .6 m) below the surface of the 

banks in order to avoid the weathered and dried surface la~~i!· The locatioae 

of subsamples of the Koenig Bank are shown in figure 17. 

Labotatory analyses performed on sa•ples from bot~ the St. Ellen and 

Koenig refuse banks included determination of natural moisture content, particle-. 

size analyses., and chemical analyses; including tests for both carbon a~ 

sulfur. Moisture contents were determined by standard methods and are expressed 

as percentages of dry weight in table 6. 

Table 6. Moisture contents of refuse bank materials. 

I 

St. E~len (hag 1) 

Koenig (bag 2) 

Weight(g) 
Wet Dry 

395.0 303 

400.0 . 346 

Percentage 
aoistore 

35 

18 

All bag samples required drying b~fore pa~ticle analysis, and each 

'1eighed •lwut 30 kf.l9grAS after drying. Each ~ple was split to a weight of 

approximately S ~ilP&fQlS. After splltttng, the samples wer~ shaken and sieved 

fot about 15 mihut,es, The ·results of· the partiele-size analyses are shown in 

tahle 7 • . Materials passiDg through sieve 4 required resplitting to about 200 

grams. This material w4~ t hen reshaken in smaller sieves on a Ro-Tap machine 
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N 

Figure 16~ St. Ellen refuse bank, St. Clair County 
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Grain-sue di·stribution of ref\l,Se a ., 
I 

GTavel Saad Stlt Clay 
1 3/4 1/2 3/8 /14 1112 #18 1135 1160 #120 #23Q 

(2.54 (19·.l" (12.7 (9.52 (4.15 (1.68 (1.00 co.so co~2s (0.125 (0.062 (0.004· (<0.004 
Refuse,,J)ank mra} 1111) llDll) mm) •> mm) mm) IIIID) mm) mm) mm) mm) mm}-

St. Ell 

Bag 1 2.1 1.2 2.4 9.4 13.8 5.0 9.7 18.7 17 .s 9.8 4.1 I 5.1 0.6 

Bag 2 18.4 t.4 12.3 8.6 16.2 12.7 S.3 5.1 3.5 2.0 1.2 5.2 0.1 

Bag 3 3-.1 3·.8 7.4 8.8 3S.O 16.6 7.8 6.5 4.3 3.0 1.3 2.2 0.2 .r:--
N 

Koenig 

Bag 1 o. 7 1.6 2.9 4.3 13.2 19.5 12.7 14.6 11.9 7.9 4.3 5.7 0.7 

Bag 2 0.4 0.9 4.2 7.1 15.8 29.9 15.4 13.0 6.9 3.1 1.3 1.4 0.6 

Bag 3 0.0 1..4 3.3 4.6 19.l 21.2 12.3 12.5 10.0 5.7 3.1 5.7 1.1 

Bag 4 1.-8 3.4 5.8 7.4 20.8 21.9 11.8 10.8 7.2 4.1 2.0 , 2.2 0.8 
--
8 Percentage frequency by lower size limit or by tJu;l. :,stattard·--'5'i"'M'e",•~er l' l,i;.~ ;, j .~,. ,- ··. ii" . ~J O ; • f t."11 
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for 15 minutes. Material smaller than .062 millimeters was subdivided into silt 

an~ clay fractions using the hydrom~ter method. 

For chemical analyses, 100 grains of dry sample were split from the 

- . subsamples for total sulfur deteti'Bination and into 10-gram subsamples for total 

organic and inorganic carbon determinations. 

CONCLUSIONS 

Test borings completed under contract by the Bureau encountered mine 

voids in each of th- three project areas, and coal pillars were penetrated in 

the Canterbury Manor and 70th Street areas. The Herrin (No. 6} Coal seam 

measured S.S to 7.lS feet (1.7 to 2.2 m) thick in the area~ ·and mine voids more 

than .5 feet (1.S m) high were judged to be representative ofi the original mine 

opening. On this basis, two test borings in the 70th Street area of Belleville 

(borings JMA-4 and JMA-5) encountered full openings. The 10-foot (3.0 m) high 

void in boring JMA-5 probably resulted from overexcavation or roo.f fall during 

mining because rubble ~e not found in the mine floor. A ,6.5-foot (2.0 m) 

void in Canterbury Manor (bortag JMA-1) indicated a full opening; however ► the 

void 2 feet (.6 m) high in boring JMA-2, which had two 6-inch (.15 m) voids 

immediately above it, indicates that partial collapse or squeeze of the mine has 

taken place. All t~ree deep borings in the Maryville area penetrated partially 

collapsed or squeezed mine workings. The voids ranged in height from 1.3 to 3.5 

feet (0.4 to 1.1 m). 

The number ef par~ially collapsed m,itie voids encount~red in the project 

ar~s ra~ged tr~m nbrte in the 70th Street area to three in Maryville. This 

number may indicate that mine collapse i$ more widespread in Maryville than in 

the two Bel leville sites; however, there is no assurance that this preliminary 

fndtcati9n from chree widely &paced borings is accurate. only an inspection 

of the mines ot additional test borings will determine the extent of mine collapse. 
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Conditions encountered by deep diamond driil holes in each of the 

three project areas indicate that the mine openings contain some niethane and 

carbon dioxide. Detailed inforJ113tion is available from the Illinois Department 

of Mines ood Minerals. Department -person~l consider it feasible to vetlt-Uate -

the project area at Canterbury Manpr to allow entry. Although water was aot 

evident during drilling in any of the borings, the possibility that the mines 

may contain some water was not eliminated. Deep piezometers which will be 

installed beneath pillars in the two Belleville area sites (borings JMA~l and 

JMA-6) should provide data which will alluw assessment of ground-water condition$ 

in the proximity of the mine voids. Geologic condition$, ·w'&fch may determine 

whether subsidence will occur and which affect the configuration of the settle­

ment pattern, differ between project areas. Evaluation of available data 

suggests that the Maryville area may have geologic conditions more favorable for 

subsidence than the Belleville area. The Maryville area has an overburden of 

220 feet (67 m) above the mine, which is thicker than the overburden of 14.6 feet 

(44. 5 m) a·t 70th Stree·t and 175 feet (53 m) at Canterbury Manor. Thickness of 

overburden is a significant factor in calculating the load that is carTied by the 

mine pillars; the greater the overburden thickness, the greater the load. Of 

cou~se, the percentage of coal mined and ~illar size and shape are the pr~ma? 

detertn.inants of the st~e~$es to which coal pillars are subjected. These stresses 

and the ability of the .coal pillar, mine floor or oottom, and mine roof tc,, wit'h­

stand thetn cletermbe whether t~ potential for f ailut-e exists. 

Joriags ehow tha.t the thickneM of limestone in the mine roof at 

Maryville ia 10 to 19 feet (3.0 to 5,8 m), which is less than the lbne$tene• 

thickness iu Canterbury ·Manor or 10th Street, where limestone thicknesses are 

28 to 29 feet (a.~ to 8.8 m) and 12 to JO feet (3.7 to 9.1 m), respectively. 

lWrings at Maryv:f.U.e. al.so show a sequence of clay~tone in the mine bottoms t hat 
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is thtckt•r than that at the Belleville sites. At both Belleville sites. the mine 

bottoms contained fn()derately thick limestone beds, in contrast to the Maryville 

mine bottoms, where no limestone beds we~e recovered. The stability of pillars 

res.ting on tht .. se tnlne hottotns is af.fecte4 by differ~aces in -.the <:hai-"cter and­

thickness ~f the claystones and the presence or absence of limestones. Entry 

into the mine areas may allow additional testing and better assess111e11~ of the 

importance of differences in the litho1ogies of the &elleville and Maryville 

mine bottoms. 

On-ce failure oc~urs in the mine opening, the physical characteristics 

of the bedrQck 4nd surficial materials abo~e the mine detenaine tbe configuration 

of the failure as it i ·s propagated toward ground surface. In general low-strength 

materiais above collapsed or squeezed areas of a mined-out area allow developlJlent 

of large a~gles that spread the settlement and thus affect large surface areas. 

Conv~rsely, high strength materials in the overburden tend to decrease the size . 

of the affected area at ground surface. 

The larger _proportion of limestone in Belleville may cause failure of 

the mines there to result in an angle of draw as the fractures propagate to the 

surface through the bed~ock sequence that is slightly smaller than that in 

Maryville. Natural fractures could not definitely be credited to subsidence 

activity. Continued study of the strengths of the core compared with mine 

observations may cOl).firm these suggestions. 

1he presence of weak surficial materials in a subsidence area could 

p~oduee WMle angle$ of d~aw enlarging the affected surface area. Shear strength 

me4su~ements of eutfietal ma~ertals c~ll~cted foi this study indicate significant 

differences in strength of the sutficial stratig1:aphi-c units. Lowest shear 

strength value$ were obtained from the Peoria Loess and Roxana Silt, the upper­

most units in t he three project areas. The lowest mean shear st~ength of any 
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~aU"! ft- lat un It studh.•d was 0.6 tsf (0.6 kg/cm2) measured in the Ro~ana SUt at 
.. 

Mar:vv i l It.•·. t!uw stre~gtt1 surfictal materials, especially the WiKon&1n<\l\ loesses, 

may bt! ••i~grit\/atbtg sttbsidence problems by increasing the angle of draw an4 the 

s i z1.,• •• r th~ al fee te-4 area. 

···•·he fl Uno ts State Geological Survey• s study of ge:{~gic eowU.dolls 
t .. • • 

af f t. .. Ct tn~ ,~oat mine subsidence in southwestern Illinois is entering a phaae ia 

: , r; 
which the monttortng of iastalled instruments will be the primary field activity. 

law l lnotne~ec casings and additional piezometers and settlement probes will t,e 

l nst~• l led soon. '.:.. r • ·• Notaitoring will :be continued even after cOl\p etion of filling 

operations. 
-:~.fa i. . 

Settlement probes and inclinometers installed by the -~vey are desigaecl 
t'.~~ ~ ,;.· 

to mt~asure near-surface strains resulting from subsidence . ...... The measurement of 

these strains is an essential step in definiag the geometry .of the ai-ea affected 
~ 

by subsidence; however, the value of these measurements is se'1erely limited 
:r• 

because of the lack of a surface survey network with which the measurements can 
h 

be compa~ea. We suggest a contract be let for a survey of the projeet ar~as 

by theodolite and electronic distance meter. Without this information, the 

subsidence area c;mmot be precisely 4eterm1ned and, lll()re importantly, the 

effectiveness of pnel.Dl'lfltic backfilling in controlling subsidence cannot be 

ade~.uately assessed. 

To tnaure a atable benchmark frOIII which a surface survey ean be 

eetab11.she4. the St.lney ~ completing .pl•s for an autoaatic, e•tinuously 

teco~d.ltlg ~vice to ¢easure elevatt.on challges between greqnd surfac;e &il,d the 
. . 

mtue hotta •. Such .4 device could be iost.alled Jn one· of tbe ~~tameter 
. . 

injection horings that encounters a pillar and cannot be used in the filling 

operationo The instrument will provide _a continuous record of movements between 

the $table bot=,t:'>ln l;)f ftte mine and t ·be potentially unstable ground surface. If 

movements ee recorded,, then deviations measured in the surface survey can he 

eorrecte4 to a stabl e datum. 
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