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SUMMARY AND RECOMMENDATIONS 

SUMMARY 

Copper deposits occur in at least five localities in southeast 
Missouri (Figure 6). The possibility of discovering copper or 
copper-nickle-cobalt deposits such as those at Mine LaMotte 
and the Madison Mine at Fredericktown is good. The problem will 
be to find a deposit large -enough and rich enough to satisfy a 
major mining group. Based solely on past production, exploration 
priorities should be: Fredericktown - Emenence - Ste. Genevieve. 

RECOMMENDATIONS 

I should spend one or two more months searching the literature 
and compiling. Specifically, the Leadwood-Flat River-Bonne 
Terre and Annapolis are~ (Figure 5) should be studied. The 
Bunker Hill Company should be contacted as regards the status 
of the Higdon Mine. A review of the recent literature of the 
geochemistry of lead, zinc, and copper would be helpful. 
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INTRODUCTION 

LOCATION 

The project area lies in southeast Missouri (Figure 1) being 
bounded by the towns of Sullivan, Bonne Terre, Fredericktown, 
and Winona. Access from St. Louis by rail and highway is 
excellent. The Missouri Geological Survey along with a branch 
of the University of Missouri is located at Rolla. ,Field work 
can be done all year. 

GEOLOGY 

GENERAL 

Precambrian rhyolites, granites, and basic rocks outcrop in 
the St. Francis Mountains. These older rocks are overlain 
by sediments, the most important economically being the 
Upper Cambrian Lamotte sandstone and Bonneterre dolomite 
(Figures 2 and 3, from Howe and Koenig, 1961, p. 13, 17). 
Paleozoic cryptoexplosion structures and igneous rocks occur 
in Missouri, but their relationship to the mineral deposits 
is, at best, obscure. 

The major structural' element of this area is the Ozark Dome, 
with Precambrian rocks exposed along its axis (Figure 4, from 
Brown, ed, 1967, p. 35). These older rocks were eroded into 
numerous knobs and basins prior to the deposition of the 
Lamotte sandstone. Local relief is as much as 1500 feet. 
Faults ring the area of exposed Precambrain rocks; the major 
trend is northwest (Figure 5, from Ridge, 1968, p. 329). 

Southeast Missouri is a lead district. Most of the production 
has come from pinchout, reef, and bar reef ore bodies in the 
Bonneterre dolomite. Production through 1968 was (Wharton, 
et aI, 1969, p. 63): 

METAL RECOVERABLE SHORT TONS 

Lead ' 
Zinc 

Copper 
Silver (Troy Oz.) 

Cobalt, Nickel, Cadmium 

10,179,997 
125,954 

73,263 
9.325,177 

N.A. 
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VALUE 

$ 1,615,070,607 
24,994,057 
38,022,073 

8,350,104 
~~~~ N.A. 
$ 1,686,436,841 
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r ALEOZOIC ERA 

Bedrock through most of Missouri is Paleozoic in a~o . Of all the 
Systems represented, tho Cambrian, Ordoviciatl, ~lissj ssippiau, and 
Pennsylvanian are the most prominent from the standpoint of total 
thickness and areal distribution (Fig. 2). Uocks of th e Cambria.n and 
Ordovicia.n Systems are presen t over most of the soutL cm half of the 
state. Mississippian rocks are extensively exposed in th o northeas te rn 
and southwestern parts of the slat e, and Pennsylvania,n rocks make 
up the balance of the state's bedrock, Relatively limited exposures 
of Silurian and Devonian rocks are present in eastern Missouri. 

I. LGEND ' 
r ,. ... ..-, ..... Q , . ... ,. ....... A.4II" 

c·,····· .. · .. ·· 
[ 1 .... , iJ .. . .. , ..... ~ 

:Ei ." v · ...... -OIt ... O .. t ... H 

c o . ... . ... ~ 

!:l <.w ••••• 

}I'ig. 2, Genoralizod geologic m:.p of l\Iisso llri . 

Th(' aggrl'gat.e thi llkn r.ss of the PaJ eo u.ic rorks wi thin tho ~t:l t , (' is 
npp)'oximat<'l.v 10,000 ft,(',t Wi Lh less than ha lf of thi:; t hi('kn's:'> being . 
p r('!"cnt in iLn y o ll e loc-a lit.\' . T ile Li, jt.! kl's t, ,. nd 1l )( ,:;L f;y ~l(' llli ('ally COIl1-

pl ete sec tion of rocks in t he sta te is r ri)"e IH wi t. hin the cOI\(j n c~ IJ i (.he 
F orest Ci ty basi n in nor Lhw es t r rn l\l isson ri. H r ro the ~oci,io ll is ap­
proximately 3,700 fcot t.hick a nd is composed of roci..::; reprosenting all 
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FIG, I. DistriiJutioll of l11a,illr ()re typc!> ill the Ozark ],,,;:-i(JI1 o( Celltral Cui ted 
State~, 11loicatcu areas arc: 1, SIJlllhl,,, ., t i\1 i',"lIri Irad tii'l1'icl: 2. SOlltil .. a, t 
~Iis~nuri IMrill' district: 3, Tri - ~tatc 7illc-lead tii,tricl : 4, fliil1lli,,-Kcllltickl' tluor­
spa r di~trict; 5, CCll tral i-li"wuri 1>;lritc di "trict: (l, Arl,all"a" -:-II,,,l'lIri zillc-di;t rict 
(Ordovician); 7, Ark;lllsas Zillc-icau di , tricl (~Ii ~, i ,~ip i'i a ll), 

EitJler the propo~l'd hyclrnthcn ll;d. ~Ollrre l11n~t hal'(' 1"'l'll Llrgc I';' then' 
was all aJlllost illC011C'cil'a l,1.; plll lll l, illg- "y;;II'1l1 to l'l'fert tilt' di'lr il'1I1illll ,, [ urI' 
fluid OI'\T tl'II~, e\TII hl1l1dr('d;; fli SQI1;IH' 11Iik,. Thc I,Q'lIHT ,.\,(,I11.~ ii,\' 111llr,' 
likely ;dtt'rllatil'c (Ii thl' two- that tlll'rl' \\';1:' a b rgc, a lld jllbsi ll l.1' dl:l'p-:-t:<lted. 
igneous tllass which gave olr tl 1l' Illil1eralizing cnl:tn;llil1ll~ (llTr a h!'l,;,,1 area, 
Tllcse t:lIlatl~lti(JllS thell rost: illto the O\Trl,1 illg' scdil1ll'llt;,ry CI>11111111 alld 
deposited their load . 

The great ~izc o[ th l: IllineraliznJ areas oY(' r whicIt ulliinnn ore tYI't's W(;l'(' 

deposi ted represl'nts one oj the t110st dirliC'nlt prolliellis inr c.\.pi.llIatio ll by the 
h yd rot ht'fl1la I method, 

CllOSS-C(1'I TJ;-';C; Ill': I.,'TION~ 111 p~ 

Crnss-C'ltllillg tllillcralizl'd ,.trllctllrt', alT [1'111)(1 ill l' irtl l:il1y t'ITry di 'i t rict 
of tIte i\fis;;issipl'i V:ilk.\' typl', Tht',e rallge i rnt11 SilllJlk willS (~IHlti1('rll 
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Source of the metals is thought to be brines from deep $edimen­
tary basins: the Forest City to the Northwest and the Illinois 
to the Northeast (Synder and Gerdeman, 1968, in Ridge, 1968, p. 357) 
If, as Helgeson (in Brown, ed, 1967, p. 339) suggests, the lead 
and copper are derived in a 10:1 ratio from the metamorphism of 
arkosic sediments, in excess of 900 thousand tons of copper 
remain unaccounted for. 

COPPER DEPOSITS 

Copper is an important metal in five areas (Figure 6, from Wharton, 
et aI, 1969, p. 46): 

1. FREDERICKTOWN 

Chalcopyrite-siegenite-galena ores were developed in the Mine 
La Motte Copper Mine and the Missouri Cobalt Mine (now National 
Lead's Madison Mine) Plarel (from James, 1949, Plate II). The 
ore occurred at Precambrian-Lamotte-Bonneterre contacts and on 
local highs and lows in the Lamotte sandstone in inter-knob basins 
(Figure 7, from Kline, et aI, 1961. p. 5). 

Mine La Motte Copper Mine was discovered in the 1830's and shipped 
a matte containing Cu, Ni, and Co in 1840-48, 1857-64, and 1870-
1904. I have no production figures. Copper-nickle-cobalt ore 
was apparently spatially separate from lead ore as St. Joe 
Minerals removed a lead ore body from this mine several years 
ago. 

The Madison Mine, in 1906, had blocked out an ore body 600' x 
500' x 12' (288,OOOtons) which ran 6.91% Pb, 3.5% Ni, 4.0% Cu 
and 2% Co. (Grawe, 1945, p. 357). The ore zone occurred at 250 
feet. This material was difficult and expensive to treat, and 
the company failed. The mine was re-opened in World War II; in 
1943, developed reserves were 1.77 million tons averaging 2.29% 
Pb., 1.43% Cu, 0.46% Ni, and 0.28% Co. The Madison is estimated 
to have produced 25,00 tons of copper. 

2. EMINENCE 

Evans (1959) describes seven copper prospects related to Precam­
brian knobs (Figure 8~ Copper also occurs in a road cut just 
south of the Casey, and in the Vicinity of the knob just to the 
east of the Casey. The Jerktail, McKinney, Slater, Sutton, and 
Bolin prospects occur in a basal conglomerate on structural highs 
at the heads of buried Precambrian valleys (Evans, 1959, p. 57). 
The Casey and the Jacks Fork are higher in the sedimentary section; 

-3-



Figure 6 

FRANKLIN 

SALOl 

" 

o ELLINGTON 

t'~ 
~ ,J 

EMINENCE O. ~ 

~"----- - 'L' ___ , 19 18 ~~ l.-, 
~ 

WAY N E 

\-------
L, BUTLER 

CARTER 
SHANNON 

~-.-----____ L 
RIPLEY I 

I 

OREGON \ 

EXPLANATION 

17/ Area of copper deposita @ Coppe,. - nickel-cobalt dapos;" 

~.~/:') Leod-l,nc- Co pp er deoos i ls 

46 



F t '- V 
t 0 5 . 

1000-

~.-:;;-£~l 

r:~J 

HORll GrJl,',L SCAt [: . jpn 
r= ==::-====---.,.. ... :5 -q 
o 200 400 

LEGEND 

Residuum 

Bonneterre Golomlte 

,~.'l 
~ Lomot tl3 sandstone . 

PreCGm xion igneous 

FIGURE 2. - Generalized Geologic Section, Mocison Mine. 

t'igure 7 

5 

ELEV 
t o . , 

-ICOO 

The LaMotte sandstone is extremely varidble in thickness, varying from a 
trace where it pinches out against the igneous rocks to 250 feet in t :le deeper 
basins, In the vicinity of the mines, the Bonne Terre dolomite ranges from a 
trace to about 400 feet thick. 

Orc d.:;posit s in the Freder ickto\';l1 di 5 tr ic t occur characteristically in 
the lower 20 to 25 feet of the Bonne Terre dolomite, Av e r agl2 depth frOQ t hl2 
surface to this zone is 300 to 400 feet . Tll~' n;etalli c :ninerals in the ore a re 
chiefly galena and pyrite with minor qu&ntities of cil ft lcopyritc and siegeni~e 
( s ulfide of nickel a nd cobalt) and occur in a clisscmi~ated manner throughout 
the orc zone . Heavy concen t rations o( pyriLe a nd r"lrC<lS itL' are fo und through ­
out the Bonne Tcrre [ormation but tile b,-,JiL:~ o ~ iron &uJ fi.d~s lyi nl~ Jbov <! the 
o re zon e! have little or no apparer.t asSOciJLion \.;ith t:IC (lre depusi.ts . 

Tloc ore bodies are class ified i n to t\'IO Lypes fo r purposes o f prospl2c :: i..nc; 
ar.d Lll" ' L'lopment, One typ~) cellled conLact are } oceun. ncar the :)inch-Oll c at 
the L 1Xocl:,e sands Lone <lgaLns t the sicies 0:: Precambr i an hills of i giwous roc!: . 
Thc Olher type} called basin are, occurs in 'a r ei1!~ of unusual s truclura l h ibbs 
and 10\~~ of the oti1en~ tse general l y i1orizO;1.tal b<:!d di ng of the L;:Xott(' . T!ll2 
l'rrattc relief of the La~;jr te may have been c a u;i e d by d~position ot [he s",nd 
o n L!1C irregular Precambrian surface , the formation 0: sa nu bars at th e time 
of depOSition} tectonic dist urbances, or a cOInoiniition of these. 

The fionne Terre hos t rock near tllt~ s[mdstone pir,ch-ou t Ii i~(' wa s fav ora bly 
jJreparcd [or ore depOSiti o n by a series of fr a ctures} in c luding juints and 
minor bults} which par ;l llel and often coin'cicie wit h the pillci1-011t line , Th e 
/'O[;t rock in areas of LaMo tte highs ,Ind . lows vl~is s tructurally pr,'parcd in much 
the same ma nner, At leas t one fault within the distr ic.t is beli..:ved to helve 
dtbplaced the igneous rock. 
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the deposits parallel the bedding with chimney-like feeders. 
Chalcopyrite is the dominate copper mineral; chalcocite, 
malachite, and cuprite are also present. 

Production is recorded only from the Sutton. In 1925, 44,390 
pounds of ore averaging 27.29% copper was shipped. Another 
77,074 pounds averaging 8.365% copper was sold in 1926 (Bridge, 
p. 178). The ore contains at most 0.1% nickle and a trace 
cobalt. 

3. STE. GENEVIEVE 

Chalcopyrite replacing a soft chert bed was discovered at the 
Cornwall Mine in 1863 (Figures 6 and 9). The mineralization 
is parallel to the bedding of the Ordovican Powell formation, 
about 2000 feet above the Precambrian surface. Similar 
mineralization occurs in the same formation at the Swansea 
and Herzog Mines four miles to the northwest of the Cornwall 
(Weller and St. Clair, 1928, pp. 331-336). Production figures 
are vague; the mines are thought to have produced a few 
thousand tons of copper. The hand-cobbed ore graded 20% copper 
or less. 

The similarity of the mineralization of the Cornwall, Swansea 
and Herzog Mines at Ste. Genevieve, and the Casey and Jacks 
Fork at Eminence suggest that the Ste. Genevieve prospects may 
overlie other copper bearing zones closer to the Precambrian 
surface. 

4. SULLIVAN 

Chalcopyrite occurs in filled sink holes with pyrite, hematite 
and clay (Figure 6). The deposits are small. Little information 
is available, but Sullivan too, may overlie other copper 
occurrences at depth. 

5. BOSS 

Chalcopyrite, bornite, and magnetite occur in an acid to inter­
mediate rock that intrudes rhyolites in tre Precambrian basement 
(Figure 6). Grade for both copper and iron is reported marginal 
American Zinc and Getty Oil are drilling Boss now. 

DISCUSSION 

The case for a copper play in the Paleozoic rocks in Missouri 
is based on the temperature dependence of copper solubility, 
and the unimportance of this factor on the solubility of zinc 
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(Figure 10, from Barnes, ed, 1967, p 371). Copper deposits 
and lead-zinc deposits could be spatially separate (Figure 11, 
from Barnes, ed, 1967, p. 377). Some such mechanism as this 
was operant in other types of deposits, such as the zoned 
porphyry copper-lead-zinc-silver district at Bingham, Utah. 

Referring to the Alley Spring, Eminence, Powder Mill Ferry, Bartlett, 
Winona, and Stegall Mountain quadrangles in the Eminence area 
(Appendix A) on which land ownership (Kerr-McGee controls Moss 
Tie), Precambrian knobs, copper prospects, drill holes, etc. are 
shown, it appears that brines entering the area {n the vicinity 
of the P.D. drill hole in Section. 1, T.27N. on the Winona 
Sheet and moving North would have risen about 1800 feet by the 
time they passed just east of the Sutton Mine and moved on 
towards Ozark Lead's Blair Creek lead-zinc reserves, on the 
Powder Mill Ferry sheet. This steep slope on the Precambrian 
surface could provide the temperature gradient sought. Allan 
Juhas and Paul Trost, T.G.S., pointed out that a rise of this 
magnitude, assuming a normal temperature gradient, would result 
in a temperature differential of about 60 C, which might not 
be sufficient. A steeper than normal temperature gradient 
might be present here because of the proximity of' the ground 
water table, which may control the elevation of the lead-zinc 
deposits (Figure 11). The base of the Bonnetene formation, 
which contains most of the lead-zinc ores is at about -375 feet 
in the mines immediately to the North. I have no way to project 
the ground water level into the Eminence area. 

Referring to the Fredericktown, Higdon and Perryville quadrangles 
~ppendix B), the slope of the Precambrian surface steepens 
markedly between the National Lead drill hole in Sec. 30, T.33N., 
R.8E., and the National Lead hole in Sec. 11, T.33N., R.8E. 
Here again, this may indicate a steeper temperature gradient, 
but it might be necessary to rely on the proximity of the ground 
water table to attain the required differential. 

LAND 

FEDERAL 

Reacquired Federal land is available by obtaining a prospecting 
permit. The filing fee is $10, and an advance rental of $.25 
an acre is necessary. Prospecting permits are issued for a 
period of two years; they can be renewed . . There is an acre?ge 
limit. Before going into production, a le~se is required. The 
lessee pays a negotiated royalty on the gross value of the ore. 
Copies of the prospecting permit · and lease form are in Appendix C. 
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quantilatiH:ly less abundant: thl! later !:.tage barile 11<I~ rl'l~lined frc)h 'Ty~t,,1 
f(\l'Ill~. Early baril~ apparl'I1l1y runned during the adl ,llll'l! of all l1l'1' ~\lllitil))] 
int\) a Sl)l11ewlwt o.\idilillg enl ironlllelll ill a CarOlH1<Ite 11\l~l-r(\ .. :k sall:r:llL'd 
wilh llldeorie water; deposition may ha\e taken plal'e lInJa l'llllditi\\lh jll~l 
below the H S -, SO~ - bounda ry (If Fig. X.7, Furt hl'r ad \ anl'e of the oisulfiJe 
ore ~olulinn ..:ould ha\e readily l1u~hed out 1l1ll~t or th,' ,)xiJiling :>rl'..:il'~ 
and reduced the ~ulfatc l'Dntent of lh~ en\'irllJIll1enl ill wllich the e:lrly h:I,ile 
W,I~ Jepll~iteJ. In a bisulfide ~oluti\ln, oaril,: i~ Illul' h I11Me solllbk and ~arl)' 
barite was atlea~t partially corl'llded a~ the llre i>lIltides 1It.:r,' sinlllitanel1lI~ly 
bei ng dero~ileJ ~ the condil ions would Ila ve hel'n nl\1re oxiJili ng I hail d uri nl; 
transrort but kss so than during I!arly bMit.! depl):-.ition. The laier harite was 
primarily dl!po~ited verti..:ally abO\'e the ~ulfides but partially with tl1l'111, 
perhars as the oxidation state varied erratil.·ally acr\)~, the barite-in~oluh!.: 
hllullJary of Fig, 8.7. The enJ stage l)( depm,ilinn lIa!) ao:companied oy a 

rel'l!Jing flow of solution and renewed derl>sitioll Dr barite in thl! area of the 
main ore body, on top of latc sulfides. 

Thc di~tribution of Mississipri Valley-type depo~il;, in lllilll)is and Wis­
cOlisill-;;uggests' that therl! is a rl)Ugh paral :eli;'l11 betwl!l!n the gr\111nd water 
table' and the elel'ation of tlie -orl! dcro;,it~, alllwugh thne j;, a regionai 
stra-trg-r;-;;hic--dip to tile south and ,~e~L L)calizati\ln l)( lile ore;, may well 
11,;ve been 'at an ore sulution-gr\)und w,lter intl!rfal'l! where \)\idati\.)n, 
aeidific,ttio~, -dilution, anJ decrease ill lellljll'f<ltlire ,ti l C.tIllC abl)ut simul­
tal;~~;~sj;,- An implication of our Illodel is :hat drilling under the~-: der)0~ib 
for exkl1~ions of the sphalerite ure in deplh w,\Ltid be unlikely to Sucl'l'eJ 
because the solubility l)r ~rhalerilc dllC~ nllt dl:lnge :-.ulliL'il'nlly cilhlT \\ilh 

-J)J'l!s~ur~ (;r tel1lpl!ratllre (1\) ~OO"C) tl) l11ak~' derl',iti"ll ,tl derth prllbil b: ..... 
On the oth'er hanj, the solubility of e(\I'dlik, and pcrh:I;)~ other cuppef. 
sulfide minerals, J()l'~ change sllJ1icienlly with ll'mperallire to ~lIgge~t l:'~li. 
cop pel.' ~cro!>.its could underlie these linc-kad (kpn;,it~ if these particular l)j'e 
solutions ever containeu copper in significant anwunts. 

Transport nf base I11dab in hisulfide (lr :-'lilliJe cnnll'k\e~ :Ij'pears tl) be 
hoth geologic:tily ilnd ehcmio::dly fC:l~ihk at leillrer:llllre, Uj) tt) ::;(l"C ;tnd 
pl'rhars highcr. The~e COlllrlnl's are stahk wilhin lhe lil11iling ""lhlili,lih 1'( 
rll, j ".!. ;:'" ll'lllreralure, ' :lIhl rrC~\llre wi1l.';·L' tr:ll1~rl)rt . 11111~t lak.: i'I:I~·e. 
Caleubkd soluhilitil's lie wilhin the r:llige (l( \)ur pre!'oent be:-'l, but p\"l)'. 
estiilli1ll';, or required conl·ent);ltillns. TIlt' I)hy:-.il.'; ti ilnd cil':l11il..'<ti ·ra,·tl)r-: 
which ~·t\ltlJ C;1l1~e dCpll~ilinll fr\ll11 these Clllllplc\e~ :1J'pear l .. ) be .. :\)n1J,.ll ihk 
with the inferred gClllllgil'alen\'irlll1l11l'nh ,)1' dl'PI',ili"rJ. ThL'r"rPre. ill k.l~t 
til 2'i()~C, the e\idell~'e ~lIJ)Jltlllill!:! :-'lIltide ~")I11JlIl'\il1~ as :1 I11cch.lni~111 Ill' 
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STATE 

Missouri grants a three year prospecting permit; annual rental 
is $1.00 per acre. Under a lease, royalty varies from 4-5% of 
the gross value of the concentrates. A copy of the prospecting 
permit and lease is in Appendix D. 

PRIVA7E 

In 1959-61, three to four year purchase options were obtained 
on private land for $1.00 an acre annual rental. Purchase 
prices were $125-$150 an acre, no royalty. I have no copies 
of these agreements as Shannon County has no copy machine. 

DRILLING 

Tenco Drilling Company, Rolla, quoted $2.25 a foot for rotary 
drilling, wtth penetration rates of 400 feet a day. 

CONCLUSIONS AND RECOMMENDATIO~S 

CONCLUSIONS 

Deposits in which copper is an important element do exist in 
Missouri. The possibility for discovering copper or copper­
nickel-cobalt ores similar to those in the Mine La Motte and 
Madison Mine at Fredericktown is good. The problem will be 
to find a deposit large enough and rich enough to meet the 
requirements of a major mining group. Based solely on past 
production, exploration priorities should be: Fredericktown­
Eminence-Ste. Genevieve. 

RECOMMENDATIONS 

I should spend one or two more months searching the literature 
and compiling. Specifically, the Leadwood-Flat River-Bonne" 
Terre and Annapolis Areas (Figure 5) should by studied. The 
Bunker Hill Company should be contacted as regards the status 
of the Higdon Mine. A review of the recent literature on the 
geochemistry of lead, zinc and copper would be helpful. 

-6-



I • ..... t 1 ..... ·t \ .... 
~ ) j ~). I .l ' } I .-.... J : 

Barnes, H. L., ed. (1967) Geochemistry Of Hydrothermal Ore Deposits: 
Holt, Rienhart and Winston, Inc. 

Bridge, J. D., (1930) Geology of the Eminence and Cordareva quadrangles: 
Missouri Bur. of Geology and Mines, Second Series, vol. 
24, p. 228 

Brown, J. S., ed. (1967) Genesis of Statiform Lead-Zinc-Barite - F1uorite 
Deposits (Mississippi Valley Type Deposits): Monograph 
3, Economic Geology., 443 pages. 

Evans, L. L., (1959) Geology of the Copper Deposits in the Eminence 
Region, Shannon County, Missouri: unpub. Masters thesis, 
Missouri School of Mines and Met., Rolla, Missouri 

Grawe, O. ·R., (1945) Pyrites Deposits of Missouri: Missouri Geological 
Survey, vol. 30, Second Series. 

Helgeson, H. C., (1967) Silicate Metomorphism In Sed~ments and the 
Genesis of Hydrothermal Ore Solutions: in Brown,' J. S., 
ed. (1967) Genesis of Stratiform Lead-Zinc-Barite-F1uorite 
Deposits (Mississippi Valley Type Deposits): Monograph 
3, Economic Geology, 443 pages. 

Howe, W. B., coord., and Koenig, J. W., (1961) The Stratigraphic 
Succession In Missouri: Vol. 60, Second Series, Missouri 
Geological Survey. 

James, J. A. , (1949) Geologic Relationships of the Ore Deposits in the 
Fredericktown Area, Missouri: Report of Investigations 
No.8, Missouri Geological Survey. 

Kline, J. D., Calhoun, W. A., Reynolds B. M., (1961) Mining and Milling 
Methods and Costs, Madison Mine, National Lead Co., St. 
Louis Smelting and Refining Division, Madison County, 
Missouri: Information Circular 8028, U.S. Bureau of Mines. 

Ridge, V.D., ed. (1968) Ore Deposits of the United States, 1933-1967, 
A.I.M.E. 

Weller , S., and St. Clair, S., (1928) Geology of Ste. Genevieve County, 
Missouri: Missour i Bureau of Geology and Mines, vol. 22, 
Second Series, 352 p. 

Wharton, H. M., et al (1 969) Missouri Minerals-Resources, Production, 
and. Forecasts: Missouri Geological Survey. 

-7-


